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Object. The objective of this systematic review was to use evidence-based medicine to examine the diagnostic
and therapeutic utility of intraoperative electrophysiological (EP) monitoring in the surgical treatment of cervical
degenerative disease.

Methods. The National Library of Medicine and Cochrane Database were queried using MeSH headings and
key words relevant to cervical spine surgery and EP monitoring. The guidelines group assembled an evidentiary table
summarizing the quality of evidence (Classes I-1II). The group formulated recommendations that contained the de-
gree of strength based on the Scottish Intercollegiate Guidelines network. Validation was done through peer review
by the Joint Guidelines Committee of the American Association of Neurological Surgeons/Congress of Neurological
Surgeons.

Results. The reliance on changes in EP monitoring as an indication to alter a surgical plan or administer steroids
has not been observed to reduce the incidence of neurological injury during routine surgery for cervical spondylotic
myelopathy or cervical radiculopathy (Class I1I). However, there is an absence of study data examining the benefit of
altering a surgical plan due to EP changes.

Conclusions. Although the use of EP monitoring may serve as a sensitive means to diagnose potential neurologi-
cal injury during anterior spinal surgery for cervical spondylotic myelopathy, the practitioner must understand that
intraoperative EP worsening is not specific—it may not represent clinical worsening and its recognition does not nec-
essarily prevent neurological injury, nor does it result in improved outcome (Class II). Intraoperative improvement in
EP parameters/indices does not appear to forecast outcome with reliability (conflicting Class I data).
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The reliance on changes in EP monitoring as an in-
dication to alter a surgical plan or administer steroids has
not been observed to reduce the incidence of neurological
injury during routine surgery for CSM or cervical radic-

Abbreviations used in this paper: CSM = cervical spondylotic
myelopathy; EMG = electromyography; EP = electrophysiological;
MEP = motor evoked potential; SSEP = somatosensory evoked
potential; TCMEP = transcranial MEP.
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IIT; strength of recommendation, D). However, there may
be circumstances in which the surgeon desires the added
intraoperative diagnostic information that EP monitoring
may confer.

Although the use of EP monitoring, including Tc-
MEPs, may serve as a sensitive means of diagnosing po-
tential neurological injury during anterior spinal surgery
for CSM, the practitioner must understand that intraop-
erative EP worsening is not specific—it may not repre-
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sent clinical worsening and its recognition does not nec-
essarily prevent neurological injury, nor does it result in
improved outcome (quality of evidence, Class II; strength
of recommendation, C).

No recommendation may be given for the use of in-
traoperative improvement on EP parameters/indices as a
means to forecast outcome with reliability because con-
flicting Class I data exist on this matter.

Rationale

Many practitioners have commonly used EP moni-
toring during spinal surgery. Use of such technology car-
ries certain costs. Proponents of monitoring claim that the
use of these techniques improves the safety and efficacy
of surgery. The purpose of this evidence-based review is
to establish whether EP monitoring improves the safety
or efficacy of surgery performed for CSM. There are 2
questions considered in this manuscript. First, do abnor-
malities noted in intraoperative EP monitoring predict
postoperative neurological deficits in patients with CSM?
Second, does the use of EP monitoring increase the safety
or efficacy of surgery for CSM?

Search Criteria

We searched the computerized database of the Na-
tional Library of Medicine and the Cochrane Database
(date range 1966-2007) using MeSH headings and the
following keywords: “cervical myelopathy and soma-
tosensory-evoked response,” ‘“cervical myelopathy and
SSEPs,” “cervical myelopathy and magnetic stimulation,”
“cervical myelopathy and MEPs,” “cervical myelopathy
and EMG,” “cervical myelopathy and electromyogram,”
“cervical myelopathy and motor-evoked response,” and
“cervical myelopathy and muscle-action potential.” The
results were limited by the terms “decompression” or
“surgery” and the search was restricted to the English
language, resulting in an initial group of 868 papers. We
reviewed the title and abstract of each paper and excluded
duplicates, diagnostic studies, animal studies, and case
reports. We then examined reference lists of reviewed
articles to cull further references. We identified 39 refer-
ences as providing relevant medical evidence and these
provide the basis for this review. We ranked evidence
using previously described methodology." In this chap-
ter, we have stratified papers into 2 groups: 1) those that
examined alternations in monitoring as a diagnostic test
for the development of permanent neurological deficits;
and 2) those that considered the utility of monitoring to
prevent neurological deficits as a therapy. The evidentiary
table summarizes all papers providing relevant evidence
(Table 1).

Scientific Foundation

Multiple authors have reported that EP monitoring
may detect intraoperative neurological injury.*6.7.16.20.28
The relative sensitivity and specificity of the various
monitoring techniques differ depending on the patient’s
diagnosis and the procedure performed.S The purpose of
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this review was to establish the clinical utility of intra-
operative EP monitoring for the avoidance of clinically
relevant neurological injury during decompressive proce-
dures performed for CSM. Authors of studies examining
the utility of EP monitoring as a diagnostic or therapeutic
tool have used “clinically relevant neurological injury” as
the outcome measure.

Sebastian et al."” described a series of 210 patients
who underwent SSEP monitoring during anterior decom-
pressive surgery for CSM. These authors found that sig-
nificant changes occurred in 84 patients, with 44 patients
showing improvement in monitoring, and 40 showing
significant worsening or unstable responses. The major-
ity of the episodes of worsening were attributed to vari-
ous systemic issues related to anesthesia, hypotension, or
hypothermia. Thirteen episodes were thought to be the
result of mechanical stress to the cord, and the surgeon
made some sort of inspection or adjustment following the
alert. No patient awoke with a relevant new deficit, and no
correlation between SSEP improvement and functional
outcome was described. This paper provided little useful
information on the clinical utility of SSEP monitoring.
There was no correlation between reported events (posi-
tive or negative) and outcome, and no way to determine
whether the intraoperative adjustments were helpful or
harmful.

May and colleagues'” described their results in a
series of 182 patients who underwent SSEP monitoring
during a variety of decompressive procedures. Twenty-
four patients had SSEP changes without new deficits, 9
patients had SSEP changes and a new deficit, and 1 pa-
tient had a new deficit undetected by SSEP. The authors
reported that the sensitivity of SSEP for predicting a new
deficit was 99% and the specificity was 27%. No mention
was made of surgeon response (or lack thereof) to change
in SSEP monitoring. Accordingly, the influence of SSEP
monitoring on clinical outcome could not be determined.
Because of the mixed patient population, this study was
considered to provide Class II evidence for the use of
SSEP as a diagnostic tool to detect injury.

Dennis and colleagues?® reported on a mixed popula-
tion of 31 patients who underwent intraoperative SSEP
monitoring. Of 27 patients without new deficits, SSEP
changes were observed in 6 (false positive). One of these
patients showed improvement in SSEP recordings with
adjustment of traction. Four patients’ conditions deterio-
rated, and 2 of these patients had SSEP changes (sensitiv-
ity 50%, overall specificity 25%). The authors concluded
that SSEPs were not specific for the detection of intra-
operative neurological injury. This paper provided Class
II evidence regarding the ability of SSEP monitoring to
predict injury but did not provide evidence regarding the
utility of SSEP monitoring for avoiding injury.

Smith et al.?! performed a retrospective cohort com-
parison of 1037 patients who underwent anterior cervi-
cal discectomy for radiculopathy. Approximately half of
these patients underwent intraoperative SSEP monitor-
ing. There were 6 alerts in the monitored group, 5 thought
to be caused by hypotension and 1 due to retractor posi-
tion. None of these patients had a new postoperative defi-
cit. Postoperative central cord syndrome developed in 1
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patient despite normal intraoperative SSEP recordings.
There were no neurological injuries in the nonmonitored
group. Because there was only 1 neurological injury in
the study, the ability of SSEPs to prevent neurological
injury was inconclusive from this study. This paper pro-
vided Class I1I evidence (cohort study with radiculopathy
population) indicating uncertainty regarding the ability of
intraoperative SSEP monitoring to prevent neurological
deficits during anterior decompression of the spinal cord.

Bouchard and colleagues® investigated the ability of
SSEP improvements to predict improvement in clinical
outcomes. They measured SSEP signals in a series of 32
patients undergoing decompression for CSM. Eleven pa-
tients had immediate improvement in their SSEP record-
ings, and all of these patients improved following surgery;
however, 20 of 21 patients without SSEP improvement
also recovered. This paper provided Class II evidence
that improvements in SSEP recordings were not neces-
sary for clinical recovery after decompression.* Spielholz
et al.” came to a similar conclusion after evaluating their
results in a series of 11 patients with traumatic compres-
sive lesions, although the evidence from their paper is
considered of lower quality due to the size of the patient
population.

In contrast, Baba et al.! used intraoperative epidural
spinal cord—evoked potential monitoring in a group of
patients undergoing decompression for CSM. These au-
thors found that improvements in intraoperative monitor-
ing correlated with improvements in neurological status
(as measured with the Japanese Orthopaedic Associa-
tion scale). Therefore, it appears that the technique used
to measure improvement may be important in terms of
diagnostic accuracy. Epidural spinal cord—evoked poten-
tial recording has been used in a wide variety of patient
series for assessment of the degree of deficit.!222327 Spi-
nal cord—evoked potential improvements do seem to be
correlated with improved function. No evidence exists,
however, to indicate that this modality improves patient
safety, because no series reports the occurrence of a new
neurological deficit or intervention performed in response
to changes in EP monitoring.

Bose et al.? described 119 patients who underwent
anterior decompression for radiculopathy or myelopathy
with continuous multimodality monitoring. Six alerts oc-
curred, and 1 of the 6 patients developed a new deficit.
Changes were seen on TcMEPs but not SSEPs in this
patient. The authors concluded that TcMEPs are more
sensitive for the detection of neurological deficits during
anterior decompression than are SSEPs. Because of the
mixed patient population, this study was deemed to pro-
vide Class II evidence suggesting that TcMEP is superior
to SSEP for the detection of injury during anterior de-
compression for CSM. Other authors have also described
the occurrence of significant neurological injury in the
absence of SSEP changes.!>?

In 2004, Hilibrand et al.'> used both SSEP and Tc-
MEP monitoring in 427 consecutive patients who under-
went cervical spine surgery. Of these patients 216 had
CSM and 22 had ossification of the posterior longitudinal
ligament. Intraoperative alerts were provided to the surgi-
cal team when unilateral or bilateral amplitude changes

250

D. K. Resnick et al.

of at least 60% were noted to persist over a 10-minute pe-
riod. All alerts were treated with augmentation of blood
pressure and high dose (NASCIS protocol) steroids.
Furthermore, in selected cases, removal of bone graft
or instrumentation was performed. Significant changes
on monitoring were noted in 12 patients, and 2 of these
awoke with new neurological deficits. The authors not-
ed that SSEP changes were absent in 1 of these patients
and delayed in the other. The authors assumed that all 12
events were clinically significant and calculated sensitivi-
ty and specificity values for both modalities. The reported
sensitivity and specificity for SSEP monitoring was 25
and 100%, respectively, whereas TcMEP was reported to
be 100% sensitive and specific. The authors concluded
that TcMEP monitoring should be used to prevent neu-
rological injury in patients undergoing surgery for CSM.
This recommendation was particularly strong for those
with ossification of the posterior longitudinal ligament,
as the incidence of alerts was higher in this population.
This paper was considered to provide Class I evidence
for the comparison between SSEP and TcMEP monitor-
ing in patients undergoing anterior cervical spine surgery.
The evidence was downgraded to Class II specifically for
the CSM population due to the mixed overall population;
however, the vast majority of alerts did occur in the CSM
population. Transcranial MEPs appeared to be more sen-
sitive for detecting potential or actual injury than SSEPs
in this situation. However, the authors used changes in
TcMEPs as a false end point with regard to assessing the
ability of either modality to predict neurological injury.
Because a stereotypical response of uncertain benefit was
performed every time there was an EP event, the meaning
of the 10 alerts not associated with neurological injury
was uncertain. This paper, therefore, did not provide con-
vincing evidence to suggest that the addition of monitor-
ing improved neurological outcomes.!?

Two years later, the same group reported on their ex-
perience in a much larger cohort of patients.'” This manu-
script described the results of multimodality monitoring
in 1445 patients undergoing ventral cervical surgery. Two
hundred and sixty-seven patients were reported to have
had either minor or major EP alerts, with the criteria
for a major alert being identical to the criteria described
above.'> Major EP alerts occurred in 16% of operations
performed for CSM. Of the 93 major alerts in the CSM
population, 44 occurred during surgery, 25 occurred dur-
ing shoulder taping, and 13 occurred during neck taping.
Response to these alerts was variable and included occa-
sional steroid administration. Two patients (presumably
the same as described in 2004) suffered neurological in-
jury; 1 patient received steroids and the other did not. In 8
patients, the surgery was aborted because of persistent EP
abnormalities despite intervention; none of these patients
had a new neurological deficit (4 received steroid thera-
py). Seven patients eventually returned to the operating
room within a few days; however, 1 patient was unable to
receive definitive surgery and was instead treated with a
halo vest. This report raised serious issues regarding the
meaning of TcMEP alerts in patients with CSM. It was
also considered a Class II diagnostic study for the ability
of multimodality monitoring to diagnose the occurrence
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of new neurological injuries; however, the specificity was
substantially lower than in the previous study, and the po-
tential for harm due to reaction to false positive alerts was
illustrated. This study provided Class III evidence sug-
gesting that monitoring should not be relied on to provide
the sole impetus for substantial alterations in the surgical
plan.

Electromyography and TcMEP monitoring have also
been used as pre- and intraoperative assessment tools to
predict or prevent C-5 palsy after laminoplasty. Tanaka
et al.>* used TcMEPs in the intraoperative monitoring of
62 patients. A C-5 palsy developed in 3 patients despite
normal recordings. Fan et al.® recorded SSEPs, TcMEPs,
and dermatomal-evoked potentials in 200 patients who
underwent laminoplasty. These authors found that the ad-
dition of deltoid-specific TcMEP monitoring increased
the sensitivity for detecting injury, but did not affect the
likelihood of a postoperative palsy. Sasai and colleagues'®
used preoperative EMG recordings to identify patients at
potential risk for C-5 palsy. Any patient with a preopera-
tive abnormality underwent a C4-5 foraminotomy in ad-
dition to the laminoplasty. These authors found a lower
incidence of C-5 palsy in the group of patients who un-
derwent foraminotomy. It was difficult to draw any firm
conclusions from this information except that C-5 injury
may be detected with deltoid-specific TcMEP recording.
The use of EMG in selected patients undergoing forami-
notomy is an intriguing concept. However, because all
patients with abnormalities were treated differently from
those without abnormalities, it was impossible to discern
whether the difference in C-5 palsies was attributable to
the foraminotomy.

Summary

Currently, there is no Class I evidence that demon-
strates the ability of EP monitoring to improve safety
and functional outcome. Conversely, there have been
no studies appropriately designed to demonstrate that
EP monitoring does not improve outcome or safety. The
use of intraoperative SSEP monitoring does not appear
to provide useful diagnostic or therapeutic information
during anterior surgery for CSM, and the role of SSEP
monitoring in posterior procedures is not well defined.
Transcranial MEP monitoring may be more useful in the
diagnosis of neurological injury during anterior decom-
pression; however, there is no evidence to suggest that the
use of such monitoring substantially improves the safety
of surgery in the majority of patients with CSM. There is
some evidence to suggest that exclusive reliance on Tc-
MEP monitoring may lead to surgeon behavior that may
be detrimental to patient welfare. Spinal cord—evoked po-
tentials may be helpful for the localization of the level
of neurological compromise in cases of multiple levels
of compression on MR imaging; however, the utility of
this monitoring technique for altering surgical strategy
is unclear. Preoperative EMG may be useful for the iden-
tification of patients at high risk for C-5 root palsy after
laminoplasty, but the data to support this are of relatively
poor quality.
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Future Areas of Investigation

A blinded, randomized study would require record-
ing of responses in all patients with randomized report-
ing of events to the surgeon, a situation that would have
significant ethical issues. A cohort comparison of patients
undergoing surgery for CSM with multimodality EP
monitoring and another without such monitoring strati-
fied by operative approach would allow an assessment of
the utility of such techniques for the improvement of pa-
tient safety and clinical outcomes, and could potentially
provide Class II evidence in support of/not in support of
EP monitoring in this population.
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