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Abstract

Recently, many surgeons have been using intraoperative
neurophysiological monitoring (IOM) in spinal surgery
to reduce the incidence of postoperative neurological
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complications, including level of the spinal cord, cauda
equina and nerve root. Several established technologies
are available and combined motor and somatosensory
evoked potentials are considered mandatory for
practical and successful IOM. Spinal cord evoked
potentials are elicited compound potentials recorded
over the spinal cord. Electrical stimulation is provoked
on the dorsal spinal cord from an epidural electrode.
Somatosensory evoked potentials assess the functional
integrity of sensory pathways from the peripheral nerve
through the dorsal column and to the sensory cortex.
For identification of the physiological midline, the dorsal
column mapping technique can be used. It is helpful for
reducing the postoperative morbidity associated with
dorsal column dysfunction when distortion of the normal
spinal cord anatomy caused by an intramedullary cord
lesion results in confusion in localizing the midline for
the myelotomy. Motor evoked potentials (MEPs) consist
of spinal, neurogenic and muscle MEPs. MEPs allow
selective and specific assessment of the functional
integrity of descending motor pathways, from the motor
cortex to peripheral muscles. Spinal surgeons should
understand the concept of the monitoring techniques
and interpret monitoring records adequately to use
IOM for the decision making during the surgery for safe
surgery and a favorable surgical outcome.

Key words: Motor-evoked potentials; Somatosensory-
evoked potentials; Intraoperative neurophysiological
monitoring; Direct wave; Spinal surgery
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Core tip: Recently, many surgeons have used intra-
operative neurophysiological monitoring (IOM) in
spinal surgery to reduce the incidence of postoperative
neurological complications, including level of the spinal
cord, cauda equina and nerve root. Several established
technologies are available and multimodality combina-
tions are considered necessary for practical and effective
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IOM. Spinal surgeons should understand the concept
of the monitoring techniques and interpret monitoring
records adequately to use IOM for the decision making
during the surgery for safe surgery and a favorable
surgical outcome. In this review, the authors will review
the different IOM techniques to provide a fundamental
concept for better comprehension.
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INTRODUCTION

Recently, many surgeons have used intraoperative
monitoring (IOM) in spinal surgery to reduce the
incidence of postoperative neurological complications,
including level of the spinal cord, cauda equina and nerve
root. Its importance has been emphasized to prevent
an unsuspected and unpleasant neurological deficit after
spinal surgery. Surgeons should understand the rationale
and clinical basis for IOM to interpret the monitoring
alerts and to utilize them for a better surgical outcome.
Several established technologies are available and
combined motor and somatosensory evoked potentials
are considered mandatory for practical and successful
IOM. 1In this review, the authors will review the different
IOM techniques to provide a fundamental concept for
better comprehension.

MONITORING TECHNIQUES

Spinal cord evoked potentials

This technique was invented in Japan in the 1970s.
Electrical stimulation was provoked on the dorsal
spinal cord from an epidural electrode'. The evoked
compound potentials from the stimulated spinal cord are
recorded over the spinal cord. The spinal cord evoked
potentials (SCEP) correspond to summation of neural
activities originating from the ascending and descending
tracts and neurons near the recording electrode. The
recorded potentials are very vigorous and most likely
represent the combined activity of the tracts of the
spinal cord, such as dorsal columns, the corticospinal
tracts and others'”. In a practical setting, SCEP cannot
provide sufficient information about motor-related
function because sensory-related potentials, which
are large in amplitude, mask motor-related potentials.
The advantages and disadvantages of each modality,
including SCEPs, are summarized in Table 1.

Somatosensory evoked potentials

Somatosensory evoked potentials (SEPs) assess the
functional integrity of sensory pathways from the
peripheral nerve, through the dorsal column and to
the sensory cortex. SEPs were first used in the 1970s
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to monitor the spinal cord function during surgery
for scoliosis correction. After stimulation of peripheral
nerves, SEPs are recorded both from the spinal cord
with an epidural electrode and/or from the cortex. SEPs
can be applied for monitoring the peripheral sensory
pathways consistently®®. From a technical point of view,
the posterior tibial nerves are stimulated (duration of
stimulus, 0.2 ms; frequency, -3 Hz; intensity, -25 mA).
SEPs are the result of averaging. The acquisition time is
on the order of 1 min™¥, Data are measured to determine
latency and amplitude. Latency is a measure of time and
is related to distance. Amplitude is a measure of power
and characteristically more variable than latency. This
potential indicates activities from the dorsal column such
as the sensory tract. By shifting the stimulus site, one can
identify the laterality of dorsal column lesions. Monitoring
the laterality can provide important information during
posterior myelotomy for removing intramedullary spinal
cord tumors. An increase in latencies greater than
10% and a decrease in amplitudes greater than 50%
constitute warning signals. SEPs are altered by the
surgical procedure due to a mechanical factor or second-
arily by ischemia. SEP alterations can also be related to
patient’s age, height and length of the limbs, systemic
hypotension, hematocrit decrease, hypothermia and
anesthesia (volatile agents such as isoflurane, halothane,
nitrous oxide attenuate SEPs and should not be used if
monitoring is employed). Body temperature is a common
factor affecting spinal somatosensory evoked potential
(SSEP) latency readings.

SSEP

Monitoring of dorsal column integrity with SSEP is the
most commonly used technique in spinal surgery. Large
diameter, myelinated and fast conducting cutaneous
and muscle afferents carry the peripheral SSEP. SSEP
can monitor the dorsal column-medial lemniscus path-
way, which mediates tactile discrimination, vibration
sensation, form recognition and joint/muscle sensation
(conscious proprioception). In SSEP monitoring, stimu-
lation electrodes excite controlled repetitive action
potentials that propagate from peripheral nerves to the
contralateral sensory cortex through the dorsal roots
and the dorsomedial tracts of the spinal cord.

These signals can be recorded at various anatomically
accessible locations, such as the peripheral nerve, spinal
cord, brainstem and its endpoint and the somatosensory
cortex. Platinum subdermal needle electrodes are used
for both stimulation and recording. Generally, a 50%
decrease in amplitude with an associated 10% increase
in latency in comparison to the patient’s baseline values
constitute a warning signal. A previous study reported
that false negative SEP monitoring occurred during
surgery in only 0.063% of patients™. A large multicenter
study has reported that postoperative paraplegia was
reduced more than 50%-60% with SEP monitoring™.
Although SSEP signals are good basic indicators of spinal
cord function, they cannot provide much information
regarding nerve root function.
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Table 1 Summary of advantages and disadvantages of each monitoring technique

Advantages

Disadvantages

SCEP Easy to record using very simple hardware

Provides real-time information because its potentials
are large enough without averaging

SEP Broadly available

Easy to implement

Has no contraindications

Can be combined with other monitoring techniques
Allows continuous monitoring throughout case
Excellent specificity (approaching 100%)
Neurogenic Fast and easy to implement
MEP Resistant to most anesthetics
Sensitive in detecting a lesion
In case of alert, the lesional level can be determined
by displacing the stimulation electrode along the
intervertebral spaces
D waves Very rapid acquisition
D waves are specific of motor pathways
They can establish a lesional level by displacing the
spinal electrode along the intervertebral spaces
D waves have prognostic value

Correlates most accurately with long-term motor
function following
intramedullary spinal cord tumor resection
Do not require an averaging. Thus immediate feedback
can be available
Preserved sensitivity and sensitivity even after

Muscle MEP

posterior myelotomy

Pedicle screw testing Rapid and easy technique
Can be combined with new surgical instruments used
during screw placement
High sensitivity for medial pedicle breach
Useful in minimally invasive surgery where

anatomical landmarks may be challenging to visualize

The electrode used to deliver stimulation to the spinal cord should be
located in the epidural space and the recording electrode in the intrathecal
space
The malposition of the electrode can occur

Previous scarring can sometimes impair electrode placement
Does not directly monitor corticospinal tract. Only assess the functional
integrity of spinal cord dorsal columns. In the case of anterior spinal
artery syndrome, postoperative paraplegia despite intraoperative SEP
preservation has been reported
When approaching the intramedullary tumor during the initial dorsal
myelotomy, SEPs can completely disappear
SEP recording requires signal averaging, which results in a time delay
until data interpretation can generate a response to the surgeon. Therefore,
an injury can be irreversible before it is even detected

Their specificity remains relative because they correspond to the joined
activation of motor and sensory pathways
Require curarization
The terminal medullary cone is not monitored

The recording electrode is in the surgical field and its use by the surgeon
can produce artifacts
Laterality cannot be distinguished
D waves cannot be used in small children, generally under 4 yr of age
(incomplete maturation of motor path-ways)
Cannot be recorded below the level of T12 because there are not enough
corticospinal tract fibers
Previous scarring can sometimes impair electrode placement

Require at least partially functional motor pathways
Incompatible with prolonged curarization

Exceptional adverse effects have been described: tongue or lip laceration,

mandibular fracture, cardiac arrhythmia, epileptic seizures, scalp burn and

intraoperative awareness
Often difficult to carry out on patients under the age of 6 yr because of
incomplete maturation of motor pathways
Sensitive to a large number of anesthetics
Can be distorted by curarization

Less sensitive for thoracic pedicle screws than for lumbar pedicle screw
Optimal alarm criteria not firmly established

Does not directly assess for neurological injury, only provides information
regarding pedicle integrity

SCEP: Spinal cord evoked potentials; MEP: Motor evoked potential; SEP: Somatosensory evoked potentials.

Dorsal column mapping

It is important to decide where to perform the myeloto-
my during intramedullary spinal cord surgery. Anatomic
landmarks are often utilized as an indicator for midline
intraoperatively. The typical anatomical landmarks for
midline of the spinal cord include the dorsal median
sulcus between the dorsal columns and the median
dorsal sulcal vein which enters the midline raphe. Dorsal
column mapping technique can be applied to identify

Roishidenge ~ WJCC | www.wjgnet.com 767

the “physiological midline”. 1t is helpful for reducing the
postoperative morbidity associated with dorsal column
dysfunction when an intramedullary cord lesion distorts
the normal spinal cord anatomy that results in confusion
in distinguishing the midline for the myelotomy!"*,
The multielectrode grid is placed transversely over the
dorsal surface of the cord. It has multiple wires and each
wire has been stripped of its insulating coating. These
recording wires pass parallel to the long axis of the
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spinal cord and a reference needle electrode is inserted
in @ nearby muscle. This multielectrode grid can record
the traveling SEP waves from the dorsal surface of the
exposed spinal cord very selectively with the amplitude
gradient corresponding to the topographic arrangement
of the dorsal column. Because of the somatotopic
distribution of ascending fibers in the dorsal column, the
highest amplitude close to the midline will be recorded
after SEP stimulation on the right posterior tibial nerve.
By the same reaction from the contralateral side, we
can identify “physiological midline” between these two
amplitude peaks.

MOTOR EVOKED POTENTIALS

Direct waves (or spinal motor evoked potentials)

D (direct) waves are compound corticospinal action
potentials initiated by direct axonal activation with
conduction velocity approximately 50 m/s"'”, making it
possible to monitor the motor pathways from the cortex
to the level of the spinal electrode. D waves are obtained
by a single transcranial electrical stimulation (intensity,
80-100 mA; duration of stimulus, 0.5-1 ms; frequency,
0.5-2 Hz) recorded from the epidural or subdural
space of the spinal cord™. It is generated directly by
the electrical pulse. Therefore, they are called “single
stimulus technique” or “spinal motor evoked potentials
(MEPs)”. D waves usually do not need averaging,
although a few averages improve its quality of recording.
This provides clinically real-time feedback. If the D wave
amplitude decreases more than 50% of the baseline
value or cannot be detectable, there is high probability of
severe neurological deficit such as permanent paraplegia.

Neurogenic MEP

Neurogenic MEP is an elicited potential that is electrically
stimulated at the spinal cord with epidural electrodes and
then recorded from the peripheral nerves. Neurogenic
MEPs are recorded by stimulating the spinal cord through
electrodes inserted by the surgical team: A flexible spinal
electrode inserted into the epidural space proximal to
the operating field. The stimulation parameters are the
following: intensity, 20-50 mA; duration of stimulation,
1 ms; frequency, 4.1 Hz. Recordings are performed at
the internal popliteal sciatic nerves or the posterior tibial
nerves. This technique allows monitoring of the overall
spinal cord. In 1988, recording neurogenic evoked
potentials from peripheral nerves in lower extremities
after spinal cord stimulation was suggested™® to monitor
spinal motor pathways. It is nhow widely revealed that
these potentials contain at least a significant antidromical
sensory component™***!. Neurophysiological collision
studies have shown that the biphasic component
corresponds to antidromical activation of the sensory
pathways, whereas the polyphasic component corre-
sponds to activation of the motor pathways. Neurogenic
MEPs provide combined sensory and motor spinal
pathway monitoring!'®*”’,
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Muscle MEP (or myogenic MEP)

Motor potentials are evoked with transcranial electrodes
which are placed on the scalp over the motor cortex
area of the skull. The stimulus points are C3, C4, C1, C2,
Cz and a point 6 cm in front of Cz (international 10-20
system)!**). Muscle MEPs are derived from transcranial
electrical stimulation (five to seven pulses, 2-4 ms
apart; intensity, 250-750 V; duration of each pulse, 0.5
ms) over the same electrodes as for the D-wave. The
technique is called the “multipulse technique” or “train
stimulus technique”. Compound muscle action potentials
(CMAP) are recorded with needle electrodes from target
belly muscles in all four limbs. Muscles are selected based
on the surgical procedure and spinal levels involved.
Typical muscles for arm MEP recordings include the
abductor pollicis brevis (thenar muscle); the 1% dorsal
interosseous and hypothenar muscles are alternatives.
Typical muscles for leg MEP recordings include the
tibialis anterior (TA) and abductor hallucis (AH). Other
muscles, such as the quadriceps, deltoids, biceps, even
the diaphragm, and the external anal sphincter can
be selected. Muscle MEPs allow selective and specific
analysis of the functional integrity of descending motor
tracts, from the motor cortex to muscles. Recordings
are lateralized for each limb. Muscle MEPs do not require
averaging and can be repeated at a rate of 0.5-2 Hz. A
reduction of more than 50% of the baseline amplitude
can be an alarm point for postoperative motor deficit.
However, even though muscle MEPs are lost, there may
be a transient deficit but no permanent postoperative
deficit if the D wave is preserved!®, A temporary
postoperative motor deficit can occur when muscle MEP
amplitude is lost but D wave amplitude preserved. In this
situation, surgeons can continue the resection or stop
and wait for recordings to recover, which they often do.
Muscle MEP loss without D wave changes or the D wave
decrease without muscle MEP changes in muscle MEP
occurs. A D wave maintained over 50% of the baseline
indicates that the neurons of the corticospinal tract
which controls delicate voluntary movements remain.
In any event, if the D wave was preserved over 50%
of the baseline value, it is considered that the voluntary
motor control in the lower extremities are preserved™?.,
A decrease of the amplitude of muscle MEP is not always
associated with postoperative neurological deficit;
however, it is valuable to evaluate the early ischemic or
mechanical damage to the spinal cord. Despite several
reports that refer the accuracy of D-wave monitoring
during surgeries for intramedullary spinal cord tumors,
muscle MEP monitoring is maintained as a valuable tool.
This is because muscle MEP does not need an epidural
electrode, has a higher generation rate of MEP and it is
more accurate in monitoring for scoliosis surgery™®..

ANESTHETIC CONSIDERATIONS

Both SSEP and MEPs are affected by various phar-
macological and physiological factors. Any drug or
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physical parameter that influences electrical conduction
along an axon may alter the evoked potential waveform.
In general, the longer with more synapses tracts are, the
more sensitive they are. Furthermore, a greater number
of pulses will be needed for lower extremity recordings
compared with upper extremity sites because it is easier
to obtain signals from the upper extremity than from the
lower extremity. This is because the hand area occupies
a larger representation on the motor cortex®®", Inhaled
anesthetics reduce the amplitude and increase latency,
while intravenous anesthetics have the same effect but
to a lesser degree. Halogenated or nitrous oxide-based
agents influence SSEP amplitude and latency. MEPs are
generally more sensitive to anesthetics than SSEPs.
Total intravenous anesthesia without neuromuscular
blockade is material to muscle MEPs to allow CMAP
monitoring. Typically, induction with short-acting muscle
relaxants, a continuous infusion of propofol and fentanyl
and low level nitrous oxide use (not exceeding 50%
by volume) are mandatory for MEP monitoring. In our
institute, when we need IOM for the surgery, anesthesia
is maintained with a continuous infusion of propofol
(10 mg/kg per hour) and remifentanil (0.25 mg/kg per
minute). At induction, a single bolus of non-depolarizing
short acting muscle relaxant (rocuronium) is given to
facilitate tracheal intubation and ventilation. The level
of neuromuscular block is monitored by recording the
CMAP to a train of 4 stimuli.

ELECTROMYOGRAPHY

Spontaneous electromyography

Spontaneous or free-running electromyography (EMG)
is widely applied to monitor selective nerve root function
during spinal cord surgery. Unlike SEP and SSEP data,
EMG is “real-time” recording from peripheral musculature.
Spontaneous EMG can help to prevent postoperative
radiculopathy during spinal instrumentation surgery,
including pedicle screw placement. This technique does
not require stimulation and can be recorded continuously
from preselected muscle groups based on the nerve
roots at risk™®. One muscle group per nerve is generally
considered appropriate. Common EMG recording sites
by spinal levels are as follows: C4 - supraspinatus; C5
- deltoid and biceps; C6 - biceps and wrist extensors;
C7 - triceps, wrist flexors and finger extensors; C8 -
hand intrinsics and finger flexors; T1 - hand intrinsics;
T6-12 - rectus abdominis; L1 - iliopsoas; L2 - adductor
longus; L3 - adductor longus and vastus medialis;
L4 - vastus medialis and vastus lateralis; L5 - TA and
extensor hallucis longus; S1 - medial gastrocnemius
and peroneus longus; S2-5 - perianal musculature and
urethral sphincter. However, in case of cervical spinal
surgery, many surgeons favor monitoring 2 muscle
groups, deltoid (predominantly C5, also C6) and biceps
brachii (predominantly C6, also C5), due to the risk of
C5 palsy™. At baseline, no muscle activity is recorded
from an intact nerve root. Surgical manipulations such
as pulling, stretching or compression of nerves provokes
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spikes or bursts of activity termed neurotonic discharges,
resulting in activity in the corresponding innervated
muscle(s). Spontaneous EMG is quite sensitive to
irritation of the nerve root, such as retraction of spinal
cord or nerve root, saline irrigation and manipulation
during surgery. However, false spontaneous EMG
activation commonly occurs during irrigation with cold
water, cauterization and use of a high-speed drill because
it is sensitive to temperature changes.

Spontaneous EMG trains are continuous, repetitive
EMG firing caused by continuous mechanical stress
on the nerve root. Trains of higher frequency and/or
amplitude are likely to indicate a high probability of
nerve injury unless a prompt corrective management is
performed. On the other hand, spontaneous EMG spikes
and bursts indicate the proximity of the nerve root.

It is also important to note that EMG signals are
interfered with in patients with various neurological
disorders, such as myasthenia gravis, botulinum toxin
treatments for dystonia and muscular dystrophy.

Pedicle screw testing by triggered EMG

The introduction of triggered EMG for evaluating the
integrity of lumbar pedicles during screw placement
and the accuracy of pedicle screw placement was first
described by Calancie et af** in 1992 using a porcine
model. The concept of triggered EMG is that intact
cortical bone should be electrical insulation for a well-
placed pedicle screw from the adjacent nerve root. In
contrast, the pedicle screw would be relatively poorly
insulated when medial pedicle breach occurred?®.
Intraoperative triggered EMG detects root irritation
or the post injury condition of the root after medial
pedicle breach. An irritated or damaged nerve root
causes a decrease in electric threshold followed by
sudden appearance of CMAPs of the specific muscles
of the myotome after stimulation via the screw!..
Each pedicle screw is electrically stimulated with an
increasing intensity from 5 to 30 mA (duration, 0.2 ms;
frequency, 0.8 Hz). Recordings are made at the level
of the lower limb muscles with or without the rectus
abdominis muscles (depending on the root levels to
test). The recording of muscle activity at an intensity
under 10 mA (the classically accepted threshold) argues
in favor of a medial breach (close proximity of the screw
to the nerve root).

PATTERNS OF MEP CHANGES DURING
SURGICAL PROCEDURES

MEP changes occur most frequently towards the end
of the tumor resection when the interface between
the tumor and normal tissue comes close. Some of
the authors of this study have previously reported
that the type of muscle recorded affects the changing
patterns and prognostic values of muscle MEP®®, Muscle
MEPs recorded from the AH muscle were relatively
resistant to perioperative neural damage, otherwise the
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muscle MEPs from the TA were relatively vulnerable to
perioperative neural damage at an earlier time and/
or more sensitive compared with the single-muscle
recordings in the AH. Thus, the loss of muscle MEP in the
TA, even though muscle MEPs in the AH were preserved,
should be considered a potential early warning sign for
possible postoperative neurological deficit. This result is
a meaningful point of view in that using a combination
of muscle MEPs from different muscles with individual
sensitivities and clinical significances will improve intra-
operative muscle MEP monitoring interpretations and
surgical strategies.

ACTIONS TO RECOVER DETERIORATED
MEP

There are some procedures useful for promoting the
recovery of deteriorated or lost MEPs during spinal
surgery™®'%'¥?8 First  transient stopping the surgical
manipulations immediately after MEP and observation
may recover MEP spontaneously. Second, irrigation of
the surgical field with warm saline solution generally
removes irritating blood products and metabolites. It is
believed that accumulated extracellular potassium which
is derived from local tissue damage by surgery acts
as a strong axonal blocking agent. Third, local applica-
tion of papaverine and increasing the mean arterial
pressure (MAP) more than 90 mmHg can facilitate local
perfusion to resist local ischemia. Sustained hypotension
may affect MEPs and may result in an unfavorable
postoperative outcome. Temporary moderate elevation
of MAP may restore blood flow and may lead to
improving both D-waves and muscle MEPs successfully
if ischemia due to insufficient MAP is the primary
cause. Fourth, when dissection in a particular location
results in MEP changes, the resection at a different
site can proceed without further aggravation. Fifth,
increasing body temperature also may help recover
MEPs because deep hypothermia obliterates muscle
MEPs. Sixth, when all the previous methods have failed
to regain MEP, applied correction is reduced or anchoring
hardware removed in case of the correction of the spinal
deformity. If there is still no significant signal recovery,
a steroid bolus (methylprednisolone or dexamethasone)
could be considered. Finally, if there is no noticeable
neurophysiological improvement in response to all
methods described above, consider removing the spinal
implant or discontinuing tumor resection.

IOM IN PRACTICE

For many years, only SEPs were monitored during spinal
cord surgeries before MEP techniques were developed.
Since the multipulse technique was introduced in the
mid-1990s, combined muscle MEP and SEP monitoring
have been routinely used intraoperatively in various
spinal operations, including from deformity correction
to intramedullary cord tumors. Many authors have
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reported that combined SEP/MEP monitoring provided
higher sensitivity and higher positive/negative predictive
values than single-modality monitoring techniques
and that optimal monitoring requires both SEPs and
MEPs!?7>,

The reliability of intraoperative MEP to identify
impending motor deficits has been improved, mainly
as a result of accumulated knowledge interpreting the
MEP changes. Monitoring muscle MEPs became the
gold standard due to their increased sensitivity and
the importance of motor function. It has been believed
most widely that MEP recordings are stable if changes
were less than 50% in amplitude and less than 10%
in latency. However, there is no definite alarm point.
Various different alarm points have been reported. From
a surgical viewpoint, the 50% criterion could have the
effect that the surgical correction of the deformity is
performed incompletely or tumor resection is forsaken
too early and the 80% criterion that the operation
proceeded too aggressively®®, The benefit of more
sensitive MEP criteria and the risk of stopping resection
too early should be always considered in parallel. This
is important especially for tumors of which the most
important prognostic factor is complete resection, such
as spinal cord ependymomas.

Some authors have attempted to establish a more
sensitive and specific warning criteria recently®®'l. They
recommend an alarm point of a 70% decrease in am-
plitude for routine spinal cord monitoring, particularly
during surgery for spinal deformity, ossification of
posterior longitudinal ligament and extramedullary spinal
cord tumor, but not in cases of intramedullary spinal cord
tumor. Different MEP methods and warning criteria still
exist (muscle MEP, D-wave, absence/presence criteria,
amplitude criteria and morphology criteria, etc.) and
neither definite monitoring method nor definite warning
criteria have been established. Future study should
establish a more confident and accurate IOM method or
criteria which prosecutes an aggressive tumor removal
while preserving function of the spinal cord.

Reliable IOM enables surgeons to perform more
difficult and challenging surgical procedures to the spine
and spinal cord safely. Its role is to accurately identify
the topography of neural structures and to avoid
surgical insults by giving real-time alarms to the surgical
team so that there is a response immediately. The role
of IOM is increasing not only in deformity correction
and intramedullary tumors but also in various spinal
surgeries. It is well known that a rapid decompression
of cervical medulla or cervical cord could result in
neurological deficits such as C5 palsy, paresis or even
plegia. It is possible to have a stretching of the lumbar
roots during the reduction of the high dysplastic lumbar
spondylolisthesis. IOM can help the surgical team
accomplish a safe and successful outcome in spinal
surgery which affects the spinal cord or spinal roots
directly or indirectly. Multimodal IOM is a useful method
to prevent spinal cord injury during neck positioning in
cervical spine surgical procedures. It should not only be
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Figure 1 Plain radiography of pre- and postoperative whole spine anterior-posterior view (A and B) and lateral view (C and D).
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Figure 2 Representative case demonstrating clinical usefulness of intraoperative neuromonitoring in spinal surgery. A: MEP after applying rod to the screw
heads using derotation maneuver and cantilever maneuver. The amplitude of MEP (black line) at both lower extremities decreased more than 50% compared with
the baseline amplitude (green line); B: The amplitude of MEP recovered after correction release by removal of the rods and set screws; C: The amplitude of MEP re-
deteriorated after reassembly of the implants; D: The amplitude of MEP recovered finally after raising MAP and administration of dexamethasone. APB: Abductor
pollicis brevis; ADQ: Abductor digiti quinti; TA: Tibialis anterior; AH: Abductor halluces; MEP: Motor evoked potential; MAP: Mean arterial pressure.

considered for detecting intra-operative warnings, but amplitude of MEP at both lower extremities decreased
also during positioning™?. more than 50% compared with the baseline amplitude

(Figure 2A). However, SSEP showed no change compared
Case illustration with the baseline amplitude (Figure 3). The amplitude of
A 17-year-old girl visited our institute with back pain. MEP recovered after correction release by removal of the
She was diagnosed as a scoliosis associated with rods and set screws (Figure 2B). The amplitude of MEP
neurofibromatosis (Figure 1). We planned to perform a re-deteriorated after reassembly of the implants (Figure
deformity correction by posterior column osteotomies 2C). The amplitude of MEP recovered finally after raising
and posterior segmental spinal instrumented fusion with MAP and administration of dexamethasone (Figure 2D).
intraoperative combined MEP and SSEP monitoring. After the corrective surgery (Figure 1), she woke up
When we applied the rod to the screw heads using a without any postoperative neurological deficit and was
derotation maneuver and cantilever maneuver, the discharged from the hospital on foot.
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Figure 3 Spinal somatosensory evoked potential showed no change compared with the baseline amplitude (green line).

CONCLUSION

Although we cannot monitor every function of the spinal
cord during spinal surgery, the technology of IOM has
markedly developed. It is certain that the significance
and utilization of IOM during spinal surgery will increase
because of medicolegal issues as well as its usefulness.
Spinal surgeons should understand the concept of the
monitoring techniques and interpret monitoring records
adequately to use IOM for decision making during the
surgery for safe surgery, favorable surgical outcome
and the surgeon’s medicolegal safety.
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