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Abstract

Study Design: Narrative review.

Objective: To summarize relevant studies regarding the utilization of intraoperative neurophysiological monitoring (IONM)
techniques in spine surgery implemented in recent years.

Methods: A literature search of the Medline database was performed. Relevant studies from all evidence levels have been
included. Titles, abstracts, and reference lists of key articles were included.

Results: Multimodal intraoperative neurophysiological monitoring (MIONM) has the advantage of compensating for the lim-
itations of each individual technique and seems to be effective and accurate for detecting perioperative neurological injury during
spine surgery.

Conclusion: Although there are no prospective studies validating the efficacy of IONM, there is a growing body of evidence

supporting its use during spinal surgery. However, the lack of validated protocols to manage intraoperative alerts highlights a
critical knowledge gap. Future investigation should focus on developing treatment methodology, validating practice protocols, and

synthesizing clinical guidelines.
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Introduction

Although relatively infrequent, neurological injury is a much
dreaded complication in spine surgery and has the potential to
result in serious postoperative motor and sensory deficits.' In
recent years, an increase in the utilization of intraoperative neuro-
physiological monitoring (IONM) has been noted in an effort to
avert these neurological complications. This technology allows
intraoperative assessment of spinal cord function through real-
time feedback from sensory tracts, motor tracts, and individual
nerve roots. Currently, the most commonly employed IONM tech-
niques for spinal procedures include (1) somatosensory sensory
evoked potentials (SSEPs), (2) motor-evoked potentials (MEPs),
and (3) spontaneous and triggered electromyography (EMG).2
Despite advancements in the understanding of IONM and
the popularity of this technique in modern spine surgery, con-
troversies still exist regarding its effectiveness and the neces-
sity for its use in routine spinal procedures.’® Also, as modern
health care shifts toward value-based systems, questions arise

as to the exact cost-effectiveness of IONM.”® Therefore, the
purpose of this review is to summarize relevant studies exam-
ining the effectiveness of IONM in spine surgery published in
recent years with a comprehensive evaluation of the cost-
benefit of this technology.
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Table I. Summary of Strengths and Weaknesses of IONM Modalities.

Type of
Monitoring  Strengths Weaknesses
SSEP e Allows continuous monitoring throughout the surgery e Its interpretation requires temporal summation, which can
e Does not preclude the use of neuromuscular blockade delay the detection of a signal change by up to 16 minutes
e Unable to detect motor changes
e Individual nerve root function is not effectively monitored by
SSEPs
tcMEP o Allows monitoring of the entire motor pathway (cortex, e Does not allow for continuous monitoring

corticospinal tract, nerve root, peripheral nerve)
e Sensitive in the detection of postoperative motor
deficits
e Sensitive for detecting spinal cord ischemia

Spontaneous e
EMG .

Sensitive for nerve root injury

Provides real-time information about nerve root
function throughout surgery

e May be combined with SSEPs to improve specificity

Triggered .
EMG °

High sensitivity for medial pedicle wall breach

landmarks may be challenging to visualize
e Relatively easy technique

Useful in minimally invasive surgery where anatomical °

e Precludes use of neuromuscular blockade
o Highly sensitive to inhalational anesthetics, demanding rigid
anesthetic protocols

e Sensitive to temperature changes
e High rate of false positive alarms
e Precludes use of neuromuscular blockade

e Accepted set thresholds not firmly established

Less sensitive for thoracic pedicle screws than for lumbar
pedicle screws

e High rate of false positive alarms

Abbreviations: IONM, intraoperative neurophysiological monitoring; SSEP, somatosensory sensory evoked potential; tcMEP, transcranial motor-evoked potential;

EMG, electromyography.

IONM Modalities

SSEP monitoring is among the most frequently used intrao-
perative spinal monitoring modality in the contemporary
era.!* It consists of cortical responses generated by peripheral
stimulating electrodes,'! which allows for monitoring of sen-
sory pathways and detection of perioperative neurologic
changes with excellent reliability.'® Although SSEPs are mon-
itored continuously throughout the surgery, its interpretation
requires temporal summation, which can delay the detection
of a signal change by up to 16 minutes.'* Moreover, there have
been several reports of false-positives and false-negatives with
this technique'*'* that have raised safety concerns as to
whether SSEPs can be used as a standalone monitoring
technique.

In contrast to SSEPs, MEPs involve generating a stimulus
either at the level of the spinal cord (D-wave)'*'® or at the motor
cortex, often referred to as transcranial MEPs (tcMEPs).!” Sub-
sequently, the signal is measured peripherally at multiple pre-
determined upper and lower extremity muscle groups by
recording electrodes.'® With this protocol, MEPs allow for mon-
itoring and tracking of the corticospinal tract activity during the
operative procedure.'® Although MEPs have been shown to be
reliable for detecting new postoperative deficits,'?'**° the
extreme sensitivity to inhaled volatile gases prevents the practice
of routine anesthesia and necessitates the use of intravenous
anesthetic agents.>"*? Additionally, the requirement of a trig-
gered stimulus to register the MEP prevents continuous ongoing
monitoring.”

EMG, which comes in the form of spontaneous (SEMG) or
triggered (tEMQG), is a valuable tool for neuromonitoring spe-
cific nerve roots at risk of injury during spinal instrumenta-
tion.?> Similar to SSEPs, SEMG is recorded continuously,
thus giving the advantage of real-time feedback throughout the
entire procedure.”* However, in order to have a proper SEMG
response, neuromuscular blockade is prohibited.?* On the other
hand, tEMGs are obtained by stimulating the center of the tulip
of the pedicle screw. The response is then recorded from the
appropriate muscle group. Lower thresholds might be sugges-
tive of cortical breach, putting the nerve root at risk.>> Since its
introduction, this technique has also been shown to be an effec-
tive tool for detecting cortical bone breaches during pedicle
screw insertion.*®

While each modality has its own intrinsic advantages and
weaknesses,”?” summarized in Table 1, together the strate-
gies complement each other allowing for comprehensive
monitoring of the anatomical areas of the spinal cord.?®
Hence, the concept of multimodal intraoperative neurophy-
siological monitoring (MIONM) has gained in popularity
and has become the standard practice for a variety of surgi-
cal procedures.”!***° However, despite the advancements
in these techniques, reports still exist of false-positive alerts
that can lead to unnecessary precautionary actions taken by
the surgical team.>' Therefore, the purpose of this review is
to summarize relevant studies regarding the effectiveness
of IONM in spine surgery published in recent years
(Tables 2 and 3).
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Table 2. Significant Studies Reporting Sensitivity, Specificity, Positive Predictive Value (PPV), and Negative Predictive Value (NPV) of Various
IONM Techniques.

Type of No. of
Reference Year Design Monitoring Cases Type of Cases Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Clark etal 2016 Retrospective MEP 144 Cervical spine: 71 94 NA NA
review degenerative CSM
and CSM of non-
degenerative causes
Hilibrand 2004 Retrospective SSEP, tcMEP 427 Cervical spine (CSM, tcMEP: 100;  tcMEP:100; NA NA
etal review OPLL) SSEP: 25 SSEP: 100
Kim et al 2017 Retrospective Multi-channel 200 Anterior cervical spine 80 97 44.4 99.4
review tcMEP, (ACDF)
SSEP
Fujiwara 2016 Prospective study  tcMEP 160 Open door cervical NA NA NA NA
etal laminoplasty
Eggspuehler 2007 Prospective study  SSEP, MEP, 246 Cervical pathologies 833 99.2 NA NA
etal EMG
Lee et al 2016 Retrospective SSEP, tcMEP, 182 Posterior cervical 50 100 100 97
review sEMG survey
Traynelis 2012 Retrospective case SSEP, MEP 720 Cervical spine NA NA NA NA
etal series
Ajiboye et al 2017 Retrospective SSEP, MEP 15395 Anterior cervical spine NA NA NA NA
review (ACDF)
Nuwer et al 1995 Retrospective SSEP 51263 Variety of pathologies 92 98.9 42 99.9
review. SRS
survey
Quraishi 2009 Retrospective SSEP, MEP, 102 Scoliosis and kyphosis 100 84 14 97
etal review EMG
Pastorelli 2011 Retrospective SSEP, TcMEP 172 Spinal deformity 100 98 NA NA
etal review
Hamilton 2011 Retrospective SSEP, MEP, 108419 Variety of spinal 43 98 21 99
etal review; SRS EMG pathologies
mortality and
morbidity
database
Bhagat et al 2015 Retrospective SSEP, MEP 354 Spinal deformity 100 933 NA NA
review
Gunnarsson 2004 Retrospective SSEP, sEMG 213 Thoracolumbar sEMG: 100;  sEMG: 23.7; NA NA
etal review procedures SSEP: 28.6 SSEP: 94.7
Sutter et al 2007 Retrospective SSEP, tcMEP, 109 Intradural spinal 92 99 NA NA
review EMG tumors of various
types
Forster et al 2012 Retrospective SSEP, MEP 203 Intradural spinal SSEP: 94.4; SSEP: 96.8; NA NA
review tumors of various MEP: 95 MEP: 98.9
types
Kornetal 2015 Retrospective SSEP, tcMEP, 100 Intradural 82 95 82 95
review EMG, D- extramedullary
waves tumors
Harel et al 2017 Retrospective SSEP, tcMEP, 4] Intradural 75 100 100 97
review EMG extramedullary
tumors
Sala et al 2006 Retrospective SSEP, tcMEP, 50 Intramedullary spinal NA NA NA NA
review D-wave, cord tumor
EMG
Jinetal 2015 Retrospective SSEP, mMEP, 25 Intramedullary spinal 100 91 60 100
review and fEMG cord tumor

Abbreviations: MEP, motor-evoked potential; CSM, cervical spondylosis; NA, not applicable; SSEP, somatosensory sensory evoked potential; tcMEP, transcranial
MEP; OPLL, ossification of the posterior longitudinal ligament; ACDF, anterior cervical discectomy and fusion; EMG, electromyography; SRS, Scoliosis Research
Society; sEMG, spontaneous EMG; mMEP, muscle motor evoked potential; fEMG, free-running electromyography.
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Table 3. Summary of Significant Studies Reporting on the Cost-Effectiveness of IONM Techniques.

Reference Year Design Type of Monitoring

No. of Cases

Type of Cases Conclusions

Sala etal 2007 Cost-benefit ND ND Scoliosis surgery ~ Considering injury rate of 0.1%, IONM

analysis would be cost-effective if the costs did
not exceed $977 per surgery given the
lifetime direct health care costs for a
paraplegic patient.

Ayoub 2010 Retrospective  SSEP 210 Cervical spine Cost savings to the hospital was $64 074 to

etal review $102 192 per patient injured per year at
an expense of $31 546 per year on SSEP
monitoring.

Ney etal 2012 Hypothetical ND ND ND IONM was associated with a 49% reduction
cost- in in relative risk for neurological
effectiveness complications. The cost of monitoring to
model prevent a single neurologic injury was

$63387.

Ney et al 2013 Hypothetical ND ND ND MIONM was found to be cost-effective
cost- when neurologic complication rate from
effectiveness surgery exceeded 0.3%.
model

Traynelis 2012 Retrospective  SSEP, MEP 720 Cervical spine Significant savings of more than $| million

etal review in the study cohort by not using IONM in
simple cervical spine procedures.

Ney et al 2018 Retrospective ~ Combination of SSEP, 8413 Single-level cervical Initially found to have greater cost with
review MEP, or EMG spine |IONM. However, it was found to be

cost-effective in the year after surgery,
with a net decrease in cost of $387 per
patient.

Cole et al 2014 Retrospective ~ Combination of SSEP, 85640 Single-level spinal  IONM was associated with higher
review MEP, or EMG procedures spending, ranged from $2859 to $3841.

Ney et al 2015 Retrospective = Combination of SSEP, 234067 Simple spinal IONM was associated with fewer
analysis MEP, or EMG (unweighted decompressions neurologic complications and 9%

observations)  and fusions increased hospital charges.

Abbreviations: IONM, intraoperative neurophysiological monitoring; ND, not determined; SSEP, somatosensory sensory evoked potential; MIONM, multimodal
intraoperative neurophysiological monitoring; MEP, motor-evoked potential; EMG, electromyography.

The Use of IONM During Cervical
Spine Surgery

Although the likelihood of neurological complication is low,
the use of IONM in degenerative cervical spine surgery has
been increasingly adopted.** Currently, SSEP is the most com-
monly used technique among the modalities of IONM.? Its use
in cervical spine surgery is not only limited to the monitoring of
sensory tracts during the operation but also for the assessment of
the spinal cord and nerve roots after surgical positioning.®*>
However, due to its reportedly low specificity,** SSEP changes
during surgery are not always associated with postoperative
neurological deficits. Consequently, many investigators recom-
mend against its use as the single monitoring modality in com-
plex cervical procedures.’

The accuracy of MEPs in detecting potential neurological
injury has been demonstrated by several studies. Clark et al*®
reported a sensitivity of 71% and a specificity of 94% in pre-
dicting postoperative deficits in patients undergoing operative
procedures for degenerative cervical myelopathy. In 2004,
Hilibrand et al'> compared the use of both SSEP and tcMEP
monitoring in 427 consecutive patients who underwent cervical

spine surgery. The authors reported 12 patients experiencing
significant changes on monitoring, among which 2 were found
to have new neurological deficits postoperatively. Their
reported sensitivity and specificity were 100% for tcMEP;
however, since SSEP changes were present in only 1 of the
2 patients with a deficit, the authors concluded only 25% sen-
sitivity but 100% specificity. Similarly, Kim et al,?” in a retro-
spective review of 200 consecutive patients, reported the
usefulness of multi-channel tctMEPs in the detection of spinal
cord injury during anterior cervical surgery. Additionally, Fuji-
wara et al*® showed the effectiveness of tcMEP in identifying
acute-type postoperative C5 palsy following cervical lamino-
plasty; however, the rate of delayed palsy was unpredictable.
Given the safety concerns with isolated use of SSEP, and the
limitations of MEPs as previously discussed, a combination of
the two was therefore sought as a complementary method to
improve the efficacy of IONM during cervical decompression
surgery.” In a prospective study of 246 patients with cervical
pathologies, the majority of which being cervical stenosis, Egg-
spuehler et al?” reported the use of MIONM with 83.3% sensi-
tivity and 99.2% specificity. On the other hand, Lee et al*’
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retrospectively reviewed the use of MIONM in 182 patients
undergoing posterior cervical surgery. The overall sensitivity
of MIONM in this study was 50%, the specificity was 100%,
while the positive predictive value (PPV) and the negative
predictive value (NPV) were 100% and 97%, respectively.
Although the sensitivity was found to be lower than previously
reported, the authors nonetheless supported the use of MIONM
in posterior cervical procedures, acknowledging that the false-
negative results caused by delayed C5 palsy may have reduced
the overall detectability of true events.

Although many investigators have demonstrated the useful-
ness of IONM, others argue against its use in noncomplex
cervical spine procedures. In a retrospective analysis of 720
patients, Traynelis et al® concluded that surgical decompres-
sion and reconstruction for symptomatic cervical spine disease
may be safely performed without utilizing [ONM. In line with
this study, Ajiboye et al* also found no benefit of IONM in the
prevention of new postoperative neurological complications
after anterior cervical surgery.

Therefore, although the evidence appears to support
increased detection of neurological injuries in cervical proce-
dures using MIONM, controversy remains within the spine
community as to whether monitoring is needed for routine
noncomplex cases. At our institution, the use of MIONM for
complex spinal procedures has been adopted into routine prac-
tice. Here, we present an illustrative case to demonstrate the
utility of MIONM in a trauma case with unstable fracture of the
upper cervical spine (see section “Clinical Case”).

The Use of IONM During Deformity Surgery

IONM in spinal deformity surgery has been well described in
numerous studies. Since the introduction of SEP monitoring in
the 1970s, the rate of neurological injuries in scoliosis surgery
has been significantly reduced.'® Nuwer et al'® reported the
results of a survey conducted by the Scoliosis Research Society
(SRS), in which members were asked to submit surgical data on
outcomes of operated patients, including the use of IONM.
SSEP monitoring was used in 51263 of 97586 spinal cases
(53%) with reported sensitivity of 92%, specificity of 98.9%,
while PPV and NPV were 42% and 99.9%, respectively. The
authors’ findings were strongly in support of SSEP monitoring
during scoliosis procedures.

Nevertheless, false-negative SSEP changes have been
reported in several studies,***! thus raising many concerns as
to the use of SSEP as the singular tool for neuromonitoring. To
address this issue, MIONM was introduced in complex proce-
dures. In a retrospective analysis of 102 patients operated for
adult spinal deformity, Quraishi et al*’ reported an overall
sensitivity of MIONM of 100%, specificity of 84%, while PPV
and NPV were 14% and 97%, respectively. In a subgroup anal-
ysis of patients undergoing complex deformity surgery involv-
ing osteotomies, the combined sensitivity was 67%, specificity
98%, PPV 80%, and NPV 96%. Similarly, Pastorelli et al*?
published the results of 172 patients who underwent surgical
treatment for scoliosis. Their results confirmed the improved

sensitivity and specificity, reported at 100% and 98%, respec-
tively, with the combination of SSEP and MEP monitoring.

Despite the previous evidence for MIONM, Hamilton et al*®
reviewed the rates of new neurological deficits in more than
100000 spine surgery procedures registered in the SRS mor-
bidity and mortality database. For cases using MIONM (65%),
the overall sensitivity and specificity for new spinal cord def-
icits was 43% and 98%, respectively, with calculated PPV at
21% and NPV at 99%. The results of this study stirred con-
troversies within the spine community, thus highlighting the
need for further studies.

More recently, Bhagat et al,** in a large retrospective review
of 354 consecutive patients who underwent spinal deformity
surgery, demonstrated the superiority of combined MIONM
over either single modality in early detection of impending
neurological injuries. The overall sensitivity and specificity
of combined SSEPs and MEPs in this study was found to be
100% and 99.3%, respectively, strongly supporting its use.

The Use of IONM During Degenerative
Lumbar Surgery

Although IONM is commonly used during spinal deformity in
the modern era, its use in degenerative lumbar surgery, espe-
cially in uncomplicated procedures, remains controversial.**
Supporters of IONM point out its value in detecting spinal
nerve root injuries with high sensitivity and specificity, espe-
cially in revision and instrumented fusions cases.”>**>*” Gun-
narsson et al'® retrospectively reviewed the sensitivity and
specificity of detecting new postoperative motor deficits using
MIONM during thoracolumbar procedures in a cohort of 213
patients. They reported that SEMG had a sensitivity of 100%
and a specificity of 23.7%, while SSEPs had a sensitivity of
28.6% and a specificity of 94.7%. Based on their findings, the
authors recommended combining the 2 monitoring techniques
for thoracolumbar procedures.

Despite advancements, the topic of monitor spinal nerve
root function remains controversial.***® Additionally, although
numerous studies have supported the use of IONM in lumbar
fusion surgery, it is still unclear whether the improved detec-
tion of crisis events intraoperatively translates to a decreased
rate of postoperative neurological deficits.**~!

The Use of IONM During Spinal
Tumor Surgery

The value of IONM in detecting neurologic injuries during
resection of spinal cord tumors has been well described.’? In
2007, Sutter et al>> published the results of 109 patients who
were monitored with MIONM during surgical treatment for
intradural spinal tumors of various types. The authors found
high sensitivity and specificity of 92% and 99%, respectively,
for predicting adverse neurological outcomes. Forster et al,>* in
a retrospective analysis of 203 patients undergoing intradural
tumor removal, reported IONM changes in 47 patients (23.2%).
In this series, SSEP monitoring showed a sensitivity of 94.4%
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and a specificity of 96.8% in detecting postoperative deficits,
whereas the sensitivity and specificity of MEPs monitoring was
95.0% and 98.9%, respectively. Both authors concluded that
MIONM is an effective method for spinal cord monitoring
during surgery for spinal tumors.

Furthermore, in a retrospective analysis of 100 patients who
underwent intradural extramedullary tumor (IDEM) resection,
Korn et al®>> reported a sensitivity of 82%, specificity of 95%,
PPV of 82%, and a NPV of 95% with the use of MIONM.
Similar results were reported by Harel et al>® in their retro-
spective review of 41 patients with IDEM spinal tumors. When
their study group was compared to that of a historical cohort of
70 patients, the authors demonstrated the utility of MIONM in
predicting neurological injury with sensitivity, specificity, and
positive and negative predicted values of 75%, 100%, 100%,
and 97%, respectively. Both studies demonstrated high accu-
racy for MIONM in predicting neurological adverse events in
resection of IDEM.

In 2006, Sala et al’’ compared 50 patients operated for
intramedullary tumor resection with the use of MIONM with
a historical surgical cohort of 50 patients without monitoring.
The authors reported significantly better neurological outcome
in the MIONM group (mean McCormick grade variation +0.28
vs —0.16, P = .0016) at follow-up. This difference was notice-
able even at discharge, where a trend was found toward better
outcomes in favor of the MIONM group (P = .1224). Recently,
Jin et al®® further strengthened the evidence for the use of
MIONM as a diagnostic adjunct in intramedullar tumor resec-
tion, reporting 100% sensitivity, 91% specificity, 60% PPV,
and 100% NPV in their cohort of 25 patients.

Finally, in a retrospective study, Costa et al>® reported the
results of 103 patients operated for spinal cord pathologies that
included intramedullary, extramedullary tumors as well as cer-
vical myelopathy. Intraoperative monitoring was obtained with
MIONM including SSEP and MEP. In this study, D-wave was
obtained in 97 of the cases. The authors showed that the pres-
ence of a persistent and stable D wave was predictive of good
functional outcome even in the absence of MEP signals during
the surgery.

As presented, in spinal tumor resection the use of MIONM is
well supported by the literature. The evidence strongly suggests
that intraoperative alerts accurately predict neurological injury
despite the location of the pathology. As such, the use of
MIONM is strongly advised. The combined use of SSEPs and
MEPs seems to provide increased accuracy for detecting injury
to sensory and motor pathways reaching a high sensitivity,
specificity, PPV, and NPV.>-%¢0

Cost-Effectiveness of IONM in Spine Surgery

In recent years, there has been a significant increase in the use
of IONM and MIONM within the global spine community.*>
Although the literature has supported its use for predicting
postoperative neurological deficits,®' the strength of evidence
is poor regarding the effect of MIONM or response to an
MIONM alert in reducing the overall rate of neurological

injury.®* Unfortunately, to date, the management of MIONM
alerts is still inconsistent in the spine community, which could
in part explain the lack of detectable improvement in the
overall rate of neurological events. Although numerous
algorithms and protocols exist, none have seen widespread
acceptance.“'66

In the absence of randomized trials, and given the impor-
tance of rising health care costs, cost-effectiveness analyses
have been proposed as an alternative method to evaluate the
possible benefit of IONM.®' There are several studies pub-
lished over the past years that address the cost-effectiveness
of IONM in spine surgery. Sala et al,®’ based on a reported
paraplegia rate of 0.1% in young adults after scoliosis surgery,
and taking into account the lifetime health care costs, estimated
that IONM would be cost-effective if the costs did not exceed
$977 per surgery. However, in their analysis model, the authors
assumed that IONM prevents every injury (100% prevention
rate). Indirect costs that could be accrued by false IONM alerts
were not considered.

In 2010, Ayoub et al°® performed a cost-effectiveness anal-
ysis on a cohort of 210 patients who underwent cervical spine
surgery with SSEP monitoring. Total cost of the surgery, hos-
pital stay, neuromonitoring, as well as medical expenditures
associated with postoperative neurologic injury was factored
into the cost analysis. Given an incidence of 0.1% for spinal
cord injury, the authors assumed that without SSEP monitoring
1 out of 201 patients would have had a permanent spinal cord
injury. In their estimation, the total annual cost savings for a
single injured patient would range from $64 074 to $102 192 for
their institution, while the yearly expenditure on SSEP
amounted to only $31546.

Recently, Ney et al®® constructed a hypothetical cost-
effectiveness model with the scope to calculate the value of
MIONM to avoid postoperative neurological deficits. This
model was built with considerations taken for parameters such
as the surgical risk, prevention rate, and cost per case estimates.
The authors reported that use of IONM in spinal procedures
was associated with a 49% reduction in relative risk for neu-
rological complications. They further concluded that the cost of
monitoring to prevent a single neurologic injury was $63 387.
Using the same cost-benefit model, the authors demonstrated
that IONM usage was cost-neutral even at a 0.3% complication
rate.””

Although numerous studies have demonstrated the benefit
of IONM or MIONM in their cost-effectiveness analysis, sev-
eral others have found the opposite. Traynelis et al,’ in a single-
center study, reported a case series of 720 consecutive patients
who underwent routine cervical spine procedures without the
use of IONM. The authors reported a 0.4% rate of postoperative
neurological deficits. However, at the 1-year follow up, all
patients were significantly improved, and their neurological
deficits resolved completely. The authors, therefore, ques-
tioned the utility of IONM during routine cervical spine sur-
gery. Additionally, further analysis was performed to explore
the economic impact of IONM during cervical spine proce-
dures. This analysis was calculated by using the Current
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Figure I. (A) Sagittal CT scan of the cervical spine showing a “Hangman’s fracture” with displaced and angulated fracture of the bilateral C2 pars
interarticularis. (B) MRI sagittal image showing no compression of the spinal cord or neural elements.

Figure 2. (A) Intraoperative fluoroscopy showing closed reduction of the fracture by positioning of the head into extension. (B) Instrumen-
tation from CI to C3 achieved good reduction of the C2 fracture and restoration of overall cervical alignment.

Procedural Terminology reimbursement code. They concluded
that significant savings could be achieved by not using [IONM
in simple cervical spine procedures. They estimated a saving of
more than a million dollars for not using IONM in this group of
patients.

These results were recently challenged.”' Using a commer-
cial claims dataset, 8413 patients who were treated with single-
level cervical spine surgeries with or without IONM in the
years 2008 to 2013 were identified. In this retrospective anal-
ysis, IONM usage was associated with a 0.4% absolute reduc-
tion in the rate of neurological complications, a shorter length
of stay, fewer readmissions, and a 1.7% reduction rate in opiate

consumption in the year following surgery. After multiple
regression adjustment, the authors estimated IONM usage to
be associated with a $1229 increase in cost during the index
admission year. However, in the year after surgery, a substan-
tial reduction of $1615 in spending was observed in the IONM
group, which resulted in a net decrease in cost of $387 per
patient.

In a large retrospective propensity score matched analysis
based on a national database (MarketScan),’? Cole et al looked
at single-level spinal procedures, with and without the use of
IONM, in order to compare the rates of neurological complica-
tions. Trauma, spinal tumor, and revision cases were excluded
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from the analysis. A total of 85640 patients were included in
the analysis with a minority (12.66%) receiving IONM during
the surgery. The authors found no difference in neurological
complication rates between those who did and did not receive
IONM. They concluded that the use of IONM was associated
with higher spending ranged from $2859 to $3841.

In a more recent analysis using the Nationwide Inpatient
Sample (NIS), a public dataset of hospitalization in the United
States, Ney et al”® also investigated the value of IONM in
noncomplex spinal decompression and fusion surgeries. They
found that IONM was used in 4.9% of the approximately 1.1
million patients. The IONM group had fewer neurologic com-
plications (0.8% vs 1.4%) while the adjusted hospital charges
were greater by 9%.

Cost-effectiveness analysis is a method for evaluating the out-
comes and costs of interventions designed to improve health.”* In
order for a new surgical intervention to be cost-effective, addi-
tional costs need to be balanced by demonstrable benefits that can
either improve surgical outcomes or reduce long-term associated
costs.”* Currently, the strength of evidence is poor regarding the
effect of IONM or response to an IONM alert in reducing the
overall rate of neurological injury.®> Moreover, IONM can hardly
be cost-effective when only direct costs are taken into consider-
ation.”" Further studies are needed in order to investigate IONM’s
health and cost benefits on a longer timeline.

Conclusion

There is a growing body of evidence supporting the effective-
ness of IONM in detecting adverse outcomes during spinal
surgery. In the absence of prospective studies with high-level
evidence to validate its efficacy, the use of IONM is guided by
surgeon preference and local institutional policies and recom-
mendations. Further studies are needed to investigate the ther-
apeutic role of IONM in spine surgery. However, as
prospective studies designed to determine the efficacy of
post-IONM alert interventions are highly unlikely to occur in
the future due to ethical limitations and medicolegal implica-
tions, the need for large prospective observational cohort stud-
ies is warranted. Finally, evidence-based protocols to respond
to alerts in MIONM are still lacking, creating a critical knowl-
edge gap in the management both during the event and after the
fact. Therefore, future studies are needed in this regard to
explore new treatments, synthetize previous literature, and
develop clinical practice guidelines.

Clinical Case

A 77-year-old female sustained a fall down a flight of stairs.
She initially presented to the emergency department of her
local hospital. On finding a displaced and angulated bilateral
fracture of the pars interarticularis of the C2 vertebrae, also
known as “Hangman’s fracture” (Figure 1A), she was urgently
transferred to our center.

On presentation, the patient’s neck was stabilized with a
rigid cervical collar, her neurological examination revealed

strong motor and intact sensation in all extremities. Magnetic
resonance imaging of the spine revealed no compression of the
spinal cord or neural elements (Figure 1B). After comprehen-
sive discussion of the diagnosis and treatment options, surgical
consent was obtained from the patient, and an urgent reduction
and operative fixation of the fracture was planned.

Intraoperatively, with the assistance of operative room staff,
the patient was carefully transferred onto a rotating surgical
bed locked in the supine position. The rigid cervical collar was
kept during transfer to maintain stability and her neck was
supported in a comfortable position while supine without any
attempt for reduction. Next, induction and completion of awake
intubation by the anesthesia team was performed. Neurophy-
siological monitoring leads were placed on the patient and
baseline MEPs and SSEPs were obtained confirming good sig-
nals in both upper and lower extremities. The rigid collar was
then removed, and the neck was carefully positioned into
extension by the surgeon. Neurophysiological monitoring para-
meters were reassessed immediately after the maneuver and
confirmed no changes to the SSEP and MEP. With satisfactory
reduction confirmed by fluoroscopy (Figure 2A), a Mayfield
clamp was used to lock the patient’s neck position onto the
rotating surgical platform. The surgical frame was then placed
over the patient and a Jackson 360° flip was performed repo-
sitioning the patient in a prone position. Neuromonitoring
SSEP and MEP again reassured no changes occurred and the
maintenance of the reduction was confirmed using
fluoroscopy.

The surgical procedure took place with instrumented stabi-
lization from C1 to C3 (Figure 2B). The entire procedure was
largely uncomplicated with the exception of a break out of the
right C3 lateral mass screw on initial insertion using the
Magerl’s technique. Subsequently, the trajectory was adjusted,
and the screw was placed using the Roy-Camille method with-
out any additional issues. MIONM was stable for the entire
duration of the procedure. Postoperatively, the patient was well
and remained neurologically intact throughout the entire hos-
pital stay.

Key Points

e Growing evidence supports the detection of neurological
injuries with MIONM in cervical spinal procedures.
However, controversies exist as to the need for monitor-
ing in non-complex routine operations.

e The use of MIONM in deformity surgery is well
described in the literature. Although some controversies
exist concerning the sensitivity, overall the evidence
appears supportive of its use in complex deformity
surgeries.

e The monitoring of spinal nerve roots in lumbar spinal
procedures remains controversial. Additional research is
needed to further define the relationship between IONM
alerts and the rate of postoperative neurological deficits.

e The effectiveness of MIONM in spinal cord monitoring
during spinal tumor resections is strongly supported by
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the literature and its use in routine practice is strongly
advised.

e The overall cost-effectiveness of IONM in spine surgery
remains controversial within the current literature. Due
to the heterogeneity of studies, reaching a consensus is
difficult without further research.
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