
INTRODUCTION

Neurophysiologic monitoring during surgery aims to pre-

vent permanent neurological injury resulting from surgical

manipulation. To improve the accuracy and sensitivity of

intraoperative neuromonitoring (IOM), combined moni-

toring of transcranial electrical stimulation motor evoked

potentials (TES-MEPs), somatosensory evoked potentials

(SSEPs) and brainstem auditory evoked potentials (BAEPs)

was attempted in different cranial and spinal diseases inclu-

ÖZET

‹ntraoperatif nöromonitorizasyon, EMG’nin cerrahi s›ras›nda kullan›l-
mas› amac›yla gelifltirilmifl bir metoddur. Alt› ayl›kken s›rt›nda kese ne-
deniyle opere edilen 26 yafl›ndaki bayan hasta son 3-4 y›ld›r bacaklar›n-
da incelme ve kuvvetsizlik nedeniyle birçok merkeze baflvurmufl ve re-
tethering ve gergin omurilik sendromu tan›s› ile izlenmifl. Son 1 ayd›r
yürümesinin iyice bozulmas›, karanl›kta yürüyememe ve idrar kaç›rma
yak›nmalar›n›n bafllamas› üzerine klini¤imizde de¤erlendirilerek, in-
traoperatif nöromonitorizasyon (MEP, SEP) eflli¤inde opere edilmifltir.
Baz› kas motor ve duyu potansiyellerinde bozulma saptanmas› üzerine,
radyolojik olarak görülen tethering k›sm›ndan daha kranialde yerlefl-
mifl, MR’da görülmeyen dermal sünüs kal›nt›s›, T10 laminektomi yap›-
larak aç›lm›fl ve dura içinde kordu asan sinus kal›nt›s› kesilmifltir. Ame-
liyat süresince cerrahi prosedüre ba¤l› olarak MEP ve SEP parametre-
lerinde geçici ve önemli düzeyde olmayan de¤ifliklikler de izlenmifltir.
Ameliyat sonunda, MEP ve SEP parametrelerinde belirgin düzelme
kaydedilmifltir. Hastan›n post-op dönemde izleminde, bacak ve ayak
kuvvetleri, posterior kolon disfonksiyonu ve idrar inkontinans› düzel-
mifltir. Cerrahi ifllemler ile MEP ve SEP’te olan de¤iflikliklerin efl za-
manl› olarak izlenebilmesi güvenli, etkili ve invazif bir metoddur. Ope-
rasyon ilerledikçe kas potansiyellerinde meydana gelen düzelmeler;
ameliyat› sonland›rma, hastan›n daha uyanmadan önce nörolojik mu-
ayenesini tahmin etme gibi konularda yol gösterici olmaktad›r. 
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IINNTTRRAAOOPPEERRAATTIIVVEE  EEVVOOKKEEDD  PPOOTTEENNTTIIAALL  MMOONNIITTOORRIINNGG::
CCOOMMBBIINNEEDD  UUSSAAGGEE  OOFF  EEVVOOKKEEDD  PPOOTTEENNTTIIAALLSS  FFOORR  AA
TTEETTHHEERREEDD  CCOORRDD  SSYYNNDDRROOMMEE
‹‹NNTTRRAAOOPPEERRAATT‹‹FF  UUYYAARRIILLMMIIfifi  PPOOTTAANNSS‹‹YYEELLLLEERR‹‹NN  

MMOONN‹‹TTÖÖRR‹‹ZZAASSYYOONNUU::  BB‹‹RR  GGEERRGG‹‹NN  OOMMUURR‹‹LL‹‹KK  SSEENNDDRROOMMUUNNDDAA

UUYYAARRIILLMMIIfifi  PPOOTTAANNSSIIYYEELLLLEERR‹‹NN‹‹NN  KKOOMMBB‹‹NNEE  KKUULLLLAANNIIMMII

OLGU SUNUMU

ABSTRACT

Intraoperative neuromonitorisation (IOM) is a method that aims to
use electroneuromyography (EMG) during neurosurgical procedures.
26 year-old woman who underwent a myelomeningocele operation at
6th month-old, had been applied with the complaints of thinning of her
legs and difficulty in walking for the last 4 years. She was diagnosed as
tethered cord syndrome. In admission, she had paraparesis, she could
not have walked in the darkness, and had urinary incontinence for one
month. The patient was operated for untethering of spinal cord with
four extremities MEP and SEP monitorisation. During the operation,
the data of electrophysiological monitoring and important events were
both recorded. According to the decrease of MEP and SEP, the
laminectomy area was extended cranially. A dermal sinus remnant
tethering the cord which was not seen on MRI and on the skin due to
prior operation scar was observed. Along the operation, reversible, and
unsignificant changes of electrophysiological values had been
observed. As the operation progressed and the spinal cord was unteth-
ered, improvement of MEPs and SEPs were also recorded. After the
operation, the strength of the leg and foot muscles was increased, and
the posterior colon dysfunction and urinary incontinance were recov-
ered. Intraoperative monitoring of EPs serves as a safe, effective and
invasive method for monitoring of the function of the nervous system
and can detect the potential risk of operative procedures and improve
the safety of subsequent procedures. 

Key words: Intraoperative neurophysiology, spinal surgery, neu-
romonitorisation
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ding intracranial aneurysm, posterior fossa tumor, intrame-
dullary spinal cord tumor, spinal deformity, brain surgeries
around motor and somatosensory cortex, and aortic ane-
urysm (1,2). SSEPs are an established modality for monito-
ring of the function of the somatosensory pathways during
surgery, but this method is not suitable for monitoring mo-
tor function (3,4). Moreover, BAEPs reflect functional sta-
te of the brainstem indirectly by evaluation of the brainstem
auditory sensory pathways. These methods could not pre-
sent a complete, accurate status of the motor pathway sys-
tem. The compound muscle action potentials (CMAPs)
evoked by transcranial electrical stimulation (TES) to the
motor cortex, i.e. myogenic motor evoked potentials (myo-
genic MEPs), are regarded as pure motor evoked potentials
(5,6) for intraoperative monitoring of motor function. 

Amidst controversy about methodology and safety, in-
traoperative neurophysiology has entered a new era of in-
creasingly routine transcranial and direct electrical brain
stimulation for motor evoked potential (MEP) monitoring.
Based on literature review and the illustrative case presen-
ted, this article aims to remind the topic for experienced
practitioners, surgeons, and anesthesiologists and to pre-
sent an overview those new to the field as well. 

CASE REPORT

26 year-old woman had been applied to a number of clinics
with the complaints of thinning of her legs, decreasing of
her right-side shoe number for the last 4 years. The patient’s
history was notable for an operation due to myelomeningo-
cele when she was 6 month-old. A series of MRI of the who-
le spine was obtained and she was diagnosed as tethered
cord syndrome. She was explained that the operation was
difficult and had a great risk of paraplegia. Though she was
recommended to have physiotherapy. She had physiothe-
rapy periodically, but her walking has been changing slow-

ly, getting difficult. When she was admitted to our clinic,
she could not have walked in the darkness, and had urinary
incontinence for one month. The patient was able to ambu-
late, although her neurologic examination revealed parapa-
resis more on the right side, posterior colon dysfunction
and perianal hypoesthesia. Her MRI showed that increasing
of lumbar lordosis, fusion of T11, T12, and L1 vertebras and
scoliotic deformity. At the level of L1 vertebrae, posterior
fusion defect, enlargement of postero-anterior diameter of
spinal canal, posterior displacement of spinal cord and at-
tachment to the subcutaneous tissue (tethering) are obser-
ved. Diplomyelic appearance was between T11 and L2 level
and intradural lipom was on the posterior of the cord at the
T11 and T12 level (Fig-1 and  Fig-2). 

The patient was operated for untethering of spinal cord
with four extremities MEP and SEP monitorisation (Fig-3).
Anesthesia was induced propofol 3 mg/kg, fentanyl 2
mcg/kg, and vecuronium 0.07 mg/kg. Then the patient was
entubated. Anesthesia was maintained with propofol 2
mg/kg/hr, remifentanil 7 mcg/kg/hr and, 50-50% O2-air
without any neuromuscular blocking agent. 

Epoch XP Neurological Workstation (Axon system, Ha-
uppage, USA) was used to monitor evoked potentials intra-
operatively. The corkscrew electrodes were used as stimula-
ting electrodes (CS electrode, Viasys Healthcare WI, MA,
USA), and for MEP recording the twisted pair of   needle
electrodes were used (TP, Viasys Healthcare WI, MA).  Ac-
cording to the international 10 to 20 system instituted by the
International Electroencephalographic Society, the stimula-
ting electrodes were placed C3§C4 and C1§C2 points over
the scalp. The stimulation parameters were short train con-
sisting of 3 to 5 stimuli with 0.5 ms duration each. These sti-
muli were separated by 4 ms interstimulus interval, with a
train repetition rate of 2 Hz and an intensity of up to 200
mA.. Meanwhile, MEPs  were  recorded from the bilateral
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Figure 1— T2-weighted sagittal lumbal MRI showing increased lumbar lordosis, fusion of T11, T12, and L1 vertebras and
scoliotic deformity.



Abductor pollicis brevis, tibialis anterior, Abductor hallucis
brevis  muscles. Very low dose muscle relaxant agent was gi-
ven during induction of intubation. After positioning and

preparation for IOM (almost takes 30 minutes), the value of
MEPs after induction of anesthesia was regarded as baseline,
and the warning criteria for amplitude reduction of MEPs
over 50% or significantly increased stimulation threshold
compared with baseline and MEP loss was considered to be
significant neurologic deterioration (7). 

Monitoring of Cortical somatosensory
eveoked potential) CCsSEPs

Cork screw electrodes were used as recording. To record
CCsSEPs from the upper limbs, the reference electrodes we-
re placed at the Fz point and the recording electrodes were
placed at the C3’, C4’ points(2cm posterior of C3 and C4).
The stimulating electrodes were placed on the bilateral me-
dian nerves at both wrists, with a stimulating intensity ran-
ging from 15 to 25 mA, a frequency of  3.1 Hz, a wave band
ranging from 50 to 300 Hz, and an analysis time for 50 ms.
To record CCsSEPs from the lower limbs, the recording
electrodes were placed at the Cz’(2 cm posterior of Cz) po-
int. The stimulating electrodes were placed on the bilateral
posteror tibial nerve at the medial malleolus, with a stimu-
lating intensity ranging from 20 to 30 mA, an analysis time
for 100 ms, and the other parameters as same as those of
CCsSEPs monitoring in the upper limbs. The warning cri-
teria as the amplitude reduction over 50% in contrast to ba-
seline or as the prolonged latency for more than 10%  (8).  
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Figure 2— T2- weighted  aksiyal lomber MRI showing posterior fusion defect at the level of L1 vertebrae, enlargement of postero-
anterior diameter of spinal canal, posterior displacement of spinal cord and attachment to the subcutaneous tissue (tethering).
Diplomyelic appearance between T11 and L2 level and intradural lipom on the posterior of the cord at the T11 and T12 level.

Figure 3— Placement of the electrodes for SEP and MEP, con-
nections and the Epoch XP Neurological Workstation (Axon
system, USA)



Train of  four twitch test (TOF)

Four consecutive electrical stimuli of 2 Hz (interval 0.5 s)
were given to the left median nerve, while the recording
electrodes were placed at the left abductor pollicis brevis. 

During the operation, the data of electrophysiological
monitoring and important events were both recorded. Du-
ring the paravertebral muscle dissection, there was a tissue
coming out through the posterior laminar fusion defect of
T10 vertebra. The manipulation of this tissue caused dec-
rease of  MEP and SEP. That’s why the laminectomy area
was extended cranially, the T10 laminectomy was perfor-
med and dura was opened. A dermal sinus remnant which
was not seen on MRI and on the skin due to prior operati-
on scar was observed. It was dissected and cut. Along the
operation, reversible, and unsignificant changes of  elec-
trophysiological values had been observed. The surgeon was
informed simultaneously about those changes. As the ope-
ration progressed and the spinal cord was untethered, im-
provement of MEPs and SEPs were also recorded. At the
beginning of the operation there was no MEP at the right
quadriceps muscle, but at the end of the operation there
was a significant MEP of this muscle (Fig-4A and 4B). 

At the follow-up, the strength of the leg and foot musc-
les were increased, and the posterior colon dysfunction and
urinary incontinance were recovered. The patient¢s pre-op
and post-op neurological findings were shown in Table-1
comperatively. Abdominopelvic ultrasonography of the pa-
tient at the early post-operative period showed no post-voi-
ding residue. 

DISCUSSION

We believe that a short overview of the physiologic basis of
current monitoring techniques might help to evaluate their
safety, understand interpretive controversies and outline
some applications and results. 

Patton and Amassian discovered that a single electric
pulse applies to monkey motor cortex evokes several des-
cending corticospinal tract volleys in 1954 (9). An imme-
diate non-synaptic discharge of corticospinal axons was
shown to produce the first and largest volley that was na-
med the D wave, being directly generated by electric pulse.
The following 1-5 volleys were shown to be due to the exci-
tation of cortical synaptic circuits that discharge corticomo-
tor neurons with 1.3-2.0 ms periodicity. These were called I
waves, being indirectly generated by electric pulse. 

Then in 1980, Merton and Morton found that single
pulse TES produces a muscle MEP in conscious humans
(10). The mechanism is believed to vary with the momen-
tary excitability of alpha motor neurons, determined by
their levels of background depolarization from facilitatory
synaptic bombardment (11). Those close to action potenti-
al threshold fire in response to the initial D wave excitatory
post-synaptic potential (EPSP), others fire after D and I wa-
ve EPSP summation and must to not fire. Thus each succes-
sive response represents a varying subpopulation of the re-
corded muscle’s motor units.

In the mid-1980’s, Barker et al. developed transcranial
magnetic stimulation (TMS) introducing diagnostic MEP
testing without the scalp discomfort of TES (12). This tech-
nique generates muscle responses predominantly through I
wave volleys, although D waves can be evoked with coil ori-
entations that induce lateral to medial current flow in the
brain (13). 

Intraoperatively, the synaptic interference of surgical
anesthesia normally eradicates single-pulse muscle respon-
ses by reducing or abolishing I waves and reducing alpha
motor neuron excitability. However, the remaining non-
synaptic D wave recorded in the spinal epidural space follo-
wing TES came into clinical use as a valuable corticospinal
tract monitoring technique beginning in the 1980s (14-17). 
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Figure 4— Intraoperative neuromonitorisation recordings. A-
beginning of the operation, baseline, B-end of the operation.
Increased amplitudes of all muscle potentials are obviously
seen. Arrow showed the significant increase of MEP amplitude
at the right quadriceps muscle.

Tablo 1— The neurological examination (muscle strength) of
the patient before operation and  post-operative 4th month

Pre-op Post-op

Right lower extremity/ distal 2/5 4/5
Right lower extremity / proximal 3/5 5/5
Left toe extension and flexion 1-2/5 5/5
Left lower extremity / distal 3/5 5/5
Left lower extremity / proximal 4/5 5/5
Romberg sign + —



Efforts to include alpha motor neurons in intraoperati-
ve MEP testing turned to invasive spinal cord electrical sti-
mulation with recording from muscle (18-20) or peripheral
nerve (21). However, cord stimulation is non-selective.
Consequently, while leg muscle responses evoked by rostral
cord stimulation are mediated through alpha motor neu-
rons, these might be activated through any of several spinal
cord pathways connecting to them. Theoretically, this could
include antidromic volleys in dorsal column 1a afferent
axons, whose collateral branches form monosynaptic exci-
tatory synapses with alpha motor neurons. Thus, while lo-
wer motor neuron compromise should be reliably detected,
the possibility of undetected motor tract damage exists.
Even worse, peripheral nerve responses (formerly “neuro-
genic MEPs”) were eventually shown to mostly be antidro-
mic sensory potentials containing no reliable motor infor-
mation (22). 

Taniguchi et al. made a major breakthrough in 1993 by
showing that a short train of 3-5 electric pulses with an in-
ter-pulse interval of 2-4 ms applied directly to human motor
neuron cortex evokes a muscle MEP under anesthesia (23).
This is thought to be due to summation of EPSPs from 1. the
evoked burst of D waves and  2. any I waves that may be fa-
cilitated by the second or third pulse even when absent to a
single pulse (24). Finally, in 1996 three independent groups
showed that pulse-train TES is also effective (25-27). Pulse-
train TMS might work, but TES is more practical and its
scalp discomfort is irrevelant under anesthesia. Thus, com-
prehensive tools for selective corticospinal motor system
monitoring were finally in place 42 years after the discovery
of MEPs. Today, pulse-train TES with muscle MEP monito-
ring is now widely applied and is indicated for any surgery
threatening the motor system except open peri-rolandic
brain surgery that removes the skull overlying motor cortex.
It allows rapid assessment of motor system integrity from
brain to muscle and is available from induction to closure. 

This monitoring technique appears to be facilitated by
intravenous anesthesia such as propofol and remifentanil or
other opioids that have proven to be safe, effective and well-
tolerated (28-31). Sometimes low-concentration nitrous
oxide is added (32), but whether or not this practice det-
racts from MEP monitoring is unclear. Other examples of
reportedly favorable anesthetics include ketamine/sufenta-
nil (33), diazepam/ propofol/ fentanyl/nitrous oxide (34)
and benzodiazepine/fentanyl (35). 

The apparent benefits of intravenous agents for muscle
MEP monitoring may be due to less interference with alpha
motor neuron excitability than from inhalational anesthe-
tics including nitrous oxide (36-39). Chen recently compa-
red propofol and isoflurane in neurologically intact patients
at similar anesthetic depths as judged by bispectral index
(BIS) measurement (28). Muscle MEP monitorability was
better with propofol at any given BIS level. 

For obvious reasons, neuromuscular blockade is often
omitted after intubation and this does not appear to interfe-
re with monitoring or surgery (35,40-42). Otherwise, musc-

le relaxation must be incomplete and somehow tightly con-
trolled according to the amplitude of muscle responses to
peripheral nerve stimulation (33,34,43,44). This approach
increases technical and interpretive complexity ans runs the
risk of inadvertently disabling muscle MEP monitoring at a
critical moment. Note that blockade potentiation occurs
with the administration of magnesium and that some blood
pressure lowering agents such as alpha2-receptor antago-
nists and ketanserin can depress MEP amplitudes (45). 

A close relationship exists between postoperative motor
function and the results of TES-MEPs monitoring. TES-
MEPs are superior to SSEPs and BAEPs in detecting motor
dysfunction, but combined MEPs and SSEPs could make
monitoring of the integrity of nervous function more comp-
letely and accurately. The negative changes of the muscle po-
tentials compared to the baseline recorded potentials are im-
portant to protect neurologic functions and, the surgeons
must be informed simultaneously. As the operation progres-
sed,  increase in the MEPs and SSEPs can be useful to esti-
mate the neurologic state of the patient before awakening. 

Eventhough, intraoperative monitoring of EPs could
detect the potential risk of operative procedures and impro-
ve the safety of subsequent procedures, its effectiveness in
decreasing the overall morbidity awaits further investigati-
on because of some irreversible intraoperative injuries and
unpredictable postoperative injuries of nervous function.
IOM also needs some well trained staff and special equip-
ment. Additionally, the surgeon must be willing to act ac-
cording to the findings of IOM for the technique to be help-
ful for the outcome. However, the insignificant and/or in-
termittant amplitude reduction or changes of potentials
may also restrict the surgical manipulations. These limitati-
ons can be overcomed with a stable team who started the
IOM with low-risk cases and, has been working for a long
time together. 
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