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ORIGINAL ARTICLE

The use of transcranial motor-evoked potentials, somatosensory-evoked potentials
and free-run electromyography for proper placement of paddle leads in
chronic pain

Jos�e F. Paza , Mar�ıa del Mar Santiago Sanzb, Mar�ıa Victoria Paz-Domingoa , Mar�ıa Luisa Gand�ıa-Gonz�aleza,
Susana Santiago-P�erezb and Jose Mar�ıa Roda Fradea

aNeurosurgery Department, Hospital Universitario La Paz, Madrid, Spain; bNeurophysiology Department, Hospital Universitario La Paz, Madrid,
Spain

ABSTRACT
Introduction: As an alternative to those patients who cannot be performed an awake spinal cord stimula-
tion (SCS) or had been percutaneously implanted with poor pain relief outcomes, neurophysiological mon-
itoring through transcranial motor evoked potentials (MEPs), somatosensory-evoked potentials (SSEPs) and
free-run electromyography (EMG) under general anesthesia allows the correct placement of surgical leads
and provide objective responses.
Methods: An initial series of 15 patients undergoing SCS implantation for chronic pain. Physiologic mid-
line was determined with 32-channel NIM-Eclipse System equipment. During neurophysiological monitor-
ing, MEPs, SSEPs, EMG and CMAPs were recorded.
Results: MEPs, SSEPs, and EMG were able to target spinal cord physiological midline during SCS to all
patients. Physiologic midline was deviated in 53% patients. No warning events in SSEPs, MEPs, or EMG
were recorded in any patient.
Conclusions: Bilateral CMAPs recording allows placement of paddle leads in physiological midline, obtain-
ing an accurate coverage, pain relief and avoid unpleasant or ineffective stimulation postoperatively.
While these neurophysiological techniques are generally used to provide information on the state of the
nervous system and prevent neurological injury risks during SCS, our work has shown that can accurate
direct lead placement.
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Introduction

Spinal cord stimulation (SCS) is an effective treatment for refrac-
tory chronic pain due to fail back surgery syndrome (FBSS), a
condition that is characterized by persistent pain following back
or spinal surgeries.1 Although the mechanisms underlying anal-
gesia still remain under study, it is well known that paresthesia
overlie painful regions and produce analgesia.2,3 Therefore, an
appropriate placement of the electrodes is mandatory to achieve
relief from pain.4

Awake SCS has traditionally been used to direct percutaneous
lead placement, however, when this procedure is hindered by
anatomical passage reasons (i.e. epidural canal altered by previ-
ous surgeries) or performed after failed repositions due to fibro-
sis. In addition, patient feedback is often not possible to obtain
for an adequate placement. As an alternative to these cases, intra-
operative neurophysiological monitoring under general anesthesia
(GA) provides an effective technique.5 Neurophysiological moni-
toring allows the prone patient to be asleep and provides object-
ive responses, whereas awake placement could cause stress both
to the patient and physician and relies on a semi-sedated
respondent, which make the feedback reported more subjective.6

During SCS, neurophysiological monitoring can be performed
by means of free-run electromyography (free-EMG), compound
muscle action potentials (CMAPs) recorded after spinal electrode

stimulation, somatosensory-evoked potentials (SSEPs), and motor
evoked potentials with transcranial electric stimulation
(MEPs).5,7,8 Collision testing of SSEPs and threshold amplitudes
of CMAPs had also been employed.4,9,10 Intraoperative neuro-
physiological monitoring is generally used to provide information
on the state of the nervous system and prevent neurological
injury risks during SCS,11 similar to other works7,8,12 our work
also shows how it can accurately direct paddle lead placement.

In addition to the common purpose of intraoperative neuro-
physiological monitoring, in this work we used MEPs, SSEPs and
EMG to determine spinal cord physiological midline during SCS.
The aim of this case-series is to assess whether these techniques
accurately direct paddle lead placement, properly target physio-
logical midline and provide patients adequate paresthesia
coverage.

Materials and methods

Study design

Patients eligible for SCS were offered participation in this series.
Between August 2014 and June 2018, a total of 15 patients
received IOM under GA. After obtaining informed consent, we
collected the following information: patient gender, age,
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diagnosis, implant date, lead relocation, intraoperative program-
ming parameters, determined physiological midline and paresthe-
sia coverage post-operatively.

Patient demographics are summarized in Table 1. The mean
age of the patients was 62.20 years old (range ¼ 46–80), there
were 6 males and 9 females. Patients were diagnosed from FBSS
(93.33%), and failed neck surgery syndrome (FNSS) (6.66%).

Implantation and neurophysiological monitoring (IOM)

Patients received total intravenous anesthesia in constant perfu-
sion. Halogenated agents and muscle relaxants were avoided. The
surgical laminectomy was performed in T9–T10 spinal space,
except a cervical lead performed in C5–C7. Lead-specific location
was identified to achieve pain relief in patients with FBSS and
FNSS. Implants were placed in the anatomic midline using fluor-
oscopy equipment C-arm. The stimulation of the 32 contact 4-
column was monitored through an external stimulator and the
lead was relocated laterally until matched with physiological mid-
line monitoring.

IOM was always performed by experienced Clinical
Neurophysiologists, trained in intraoperative monitoring.
Neurophysiological monitoring was performed with 32-channel
NIM-Eclipse System equipment. During IOM transcranial motor
evoked potentials (MEPs), somatosensory evoked potentials
(SSEPs) and free-run electromyography (EMG) and CMAPs were
recorded. Further, warning events in SSEPs or MEPs, and abnor-
mal EMG activities were potentially noted.

MEPs: MEPs were evoked by transcranial multipulse electrical
stimulation. Cork-screw or monopolar subdermal needle electro-
des for stimulation were placed at C1–C2 (lower limbs) or
C3–C4 (upper limbs) (10–20 International system for electrode
placement). Recording electrodes were placed in cervical, thoracic
and lumbosacral levels, depending on the spinal cord electrode
placement.

SSEPs: Stimulation of median and tibial nerves was performed
through surface electrodes (square wave stimuli, duration 0.2ms,
intensity 20–45mA, frequency 5Hz). Recording cork-screw or
subdermal monopolar needle electrodes were placed at C30/C40-
Fz (arms) or Cz0-Fz (legs) (10–20 International system for elec-
trode placement).

Free-run EMG: Pairs of recording electrodes were placed
bilaterally in muscle bellies, 1–2 cm apart from each other in
every pair (gain 50–100lV/division, sweep: 500ms–1s/division).
Muscles were included depending on the spinal cord stimulating
electrode placement level (C4-Th1, Th6-Th12, L1-S2).

IOM procedure
MEPs and SSEPs were employed to assess the spinal cord func-
tion. Warning criteria were 10% increase in latency (SSEPs), and
50% decrement in amplitude or absence of responses (SSEPs and
MEPs). Surgeon was also informed in case of abnormal activities,
such as neurotonic discharges observed in free-run EMG.

After the initial electrode placement, stimulation was per-
formed in an orderly sequence through the electrode leads. The
parameters analyzed were side and myotome level in which
CMAPs were recorded and CMAPs amplitude. The electrode
placement was then modified successively to record CMAPs of
the same amplitude in both sides simultaneously. This response
determined the physiological spinal cord midline (Figures 1–4).
The number of myotomes and the frequency of stimulation vary
in each patient and the absence of pathological findings after the
final test confirmed the definitive electrode location.

Programming data

Fourteen patients were implanted with 32-contact (4-column)
surgical leads spanning T8–T10 and one patient with 16-contact
(2-column) cervical lead spanning C4–C7. All of them had an
implantable pulse-generator system (Boston Scientific, Valencia,
CA, USA).

Intraoperative programming parameters are depicted in
Table 2. Pulse width range was 600–850 ls, frequency 2Hz, min-
imum stimulation amplitude 1.2mA. After surgery, patients were
programmed with tonic stimulation (1–5mA, 200–500 ms,
40–80Hz). The cervical lead had different stimulation
parameters.

Stimulation settings depended on neurophysiological findings
adapted to each patient to make comparable tests.

Results

IOM outcomes: intraoperative relocations

For each patient, physiologic midline was determined intraopera-
tively based on the recording of CMAPs in both sides (left, right)
simultaneously. IOM was able to target physiologic midline dur-
ing SCS to all patients (100%). Physiologic midline was deviated
in 8 out of 15 patients (53%). No warning events in SSEPs or
MEPs, or abnormal EMG activities were recorded in any patient.
Pain coverage area was 95% on average and matched in all cases
with the results of intraoperative EMG recordings.

Discussion

In this work, we found that bilateral CAMPs recording during
SCS can successfully determine physiological midline and obtain
an effective and safety location in those patients who need to be
implanted under GA. The incidence of device failure in patients
implanted under general anesthesia was lower than for patients
implanted awake: 14.94% vs. 29.7%.6 Although both CAMPs and
SSEPs have been employed to verify electrode placement, motor
responses allow successful lateralization in more cases than
SSEPs collision techniques do: 89.0% vs. 69.0%,4 93.5% vs.
64.3%.8 In scientific literature, intraoperative EMG was able to
predict post-operative paresthesia-based midline in 70.83% of
patients,7 93.5%8 and 82.7%.4 Moreover, MEPs and SSEPs are
complementary techniques in assessing the spinal cord function
during surgery.

Table 1. Patient demographics.

Patient ID Age Gender Diagnosis Implant Date

1 70 F FBSS 2014
2 79 F FBSS 2015
3 57 F FBSS 2015
4 80 F FBSS 2015
5 74 F FBSS 2015
6 46 M FBSS 2016
7 51 M FBSS 2016
8 63 F FBSS 2016
9 69 M FBSS 2016
10 46 M FBSS 2017
11 59 F FBSS 2017
12 75 F FBSS 2018
13 62 M FBSS 2018
14 61 M FNSS 2018
15 41 F FBSS 2018

2 J. F. PAZ ET AL.



The data obtained from our work demonstrate, as well as
others,7,13 intraoperative neuromonitoring can correctly locate
surgical electrodes and define a proper stimulation for each
patient. However, we had performed a different matching tech-
nique that reduces surgical time by 15min on average, depending
on the amount of time it takes to wake the patient and the num-
ber of leads that need to be repositioned.4,5,14

By means of bilateral CMAPs recording, MEPs, SSEPs and
EMG facilitate lead placement and potentially avoid revision sur-
gery. The CMAPs is a simple method that provides nearly

instantaneous and accurate information about electrode place-
ment.8,9 The EMG activity produced by stimulating the epidural
leads is thought to be produced by direct current spread to the
ventral roots or through activation of dorsal root and column
causing anterior horn neuron and ventral root activation7 and
does not require additional time for SSEPs averaged responses.

Based on the results of neurophysiological examination, the
electrode was repositioned in 54% of our patients. According to
scientific literature, repositioning percentages were 15.9%,5

18.5%,8 and 30.1%.7 More than a half of our interventions

Figure 1. Free-run EMG recording of left and right Th10 and Th12 myotomes, quadriceps, tibialis anterior and medial gastrocnemius muscles (from top to bottom).
Electrical stimulation of some epidural electrode contacts evoked motor responses (CMAPs) in right-side muscles. These responses disappear with the cessation of the
electrical stimulation. (50lV/div; 0.5 s/div).

Figure 2. Free-run EMG recording of left and right Th10 and Th12 myotomes, quadriceps, and tibialis anterior muscles (from top to bottom). Electrical stimulation of
some epidural electrode contacts evoked motor responses (CMAPs) on both sides simultaneously. (50lV/div; 0.5 s/div).
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showed no match between anatomical and physiological midline.
This fact is important in face to the effectiveness of future ther-
apy programming parameters.15 The patient experience comfort
due to not having to be awake for the procedure and the overall
safety of the procedure is improved.13

We were limited by our sample size of 15 patients, however,
even if we extend the number of patients in this study, we predict

the results would be similar in physiological midline matching
means. Future work will look at prospectively testing the use of
MEPs, SSEPs and EMG in other centers and with different leads.
Lead placement under general anesthesia can have additional ben-
efits for those patients unable to issue reliable paresthesia feedback
such as those who are over sedated, uncomfortable on the surgical
table or suffer from sensory deficiencies (i.e. deafness).

Figure 3. Free-run EMG recording of left and right Th6 to L2 myotomes, quadriceps, tibialis anterior and medial gastrocnemius muscles (from top to bottom).
Electrical stimulation of some epidural electrode contacts evoked motor responses (CMAPs) in right-side muscles. These responses disappear with the cessation of the
electrical stimulation (100lV/div; 1 s/div).

Figure 4. Free-run EMG recording of left and right Th6 and L2 myotomes, quadriceps, tibialis anterior and medial gastrocnemius muscles (from top to bottom).
Electrical stimulation of some epidural electrode contacts evoked motor responses (CMAPs) on both sides simultaneously. See the abrupt disappearance of the dis-
charge with the cessation of stimulation in the left side of the upper traces and then, the progressive increase of discharges amplitude related to the rising of stimuli.
(100lV/div; 1 s/div).
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Conclusions

We have evidence that suggest SCS laminectomy lead placement
with MEPs, SSEPs and EMG is a safe, valid and effective tech-
nique. Bilateral CMAPs recording allows placement of surgical
electrodes in physiological midline, obtaining an accurate cover-
age, pain relief and avoid unpleasant or ineffective stimulation.
Finally, MEPs, SSEPs and EMG do not require any special equip-
ment other than the typically used in many surgical procedures
involving the spine. These robust tools maintain lower adverse
events and relevant clinical outcomes for pain relief.

Patient consent

Patients agreed to participate and were explained the nature and
objectives of the procedures performed. Informed consent was
formally obtained. No references to the patients’ identity have
been made at any stage during data analysis or in this paper.
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Table 2. Intraoperative programming data.

Patient
ID

Minimun intraoperative
motor amplitude (mA)

Maximum intraoperative
motor amplitude (mA)

Intraoperative
pulse width (us)

1 6 11 600
2 6 12 600
3 1,2 8 600
4 7 11 850
5 2 10 850
6 3 6 650
7 3 9 850
8 3 9 850
9 3 8 650
10 2 12 650
11 2 15,5 650
12 2 7 650
13 2 6 650
14 1,5 2,3 270
15 3 15,5 650
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