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Guideline update for the performance of fusion procedures
for degenerative disease of the lumbar spine. Part 15:
Electrophysiological monitoring and lumbar fusion
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Intraoperative monitoring (IOM) is commonly used during lumbar fusion surgery for the prevention of nerve
root injury. Justification for its use stems from the belief that IOM can prevent nerve root injury during the placement
of pedicle screws. A thorough literature review was conducted to determine if the use of IOM could prevent nerve
root injury during the placement of instrumentation in lumbar or lumbosacral fusion. There is no evidence to date
that IOM can prevent injury to the nerve roots. There is limited evidence that a threshold below 5 mA from direct
stimulation of the screw can indicate a medial pedicle breach by the screw. Unfortunately, once a nerve root injury
has taken place, changing the direction of the screw does not alter the outcome. The recommendations formulated
in the original guideline effort are neither supported nor refuted with the evidence obtained with the current studies.
(http://thejns.org/doilabs/10.3171/2014 4 SPINE14324)
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Recommendations The data are insufficient to support a recommenda-
tion regarding the use of neuromonitoring as a modality
that can be used for the preservation of nerve root func-

tion during lumbar fusion surgery (one Level IV study).

There is no evidence that conflicts with the previous
recommendations regarding electrophysiological moni-
toring published in the original version of the “Guidelines
for the performance of fusion procedures for degenerative

disease of the lumbar spine.” Rationale

Intraoperative monitoring (IOM) is commonly used
during spinal deformity surgery and resection of intra-
medullary tumors, as well as other nonspine surgeries
including repair of aortic aneurysms.>® The use of IOM
during routine surgery for degenerative lumbar disease
remains controversial; however, supporters of IOM claim
that this modality enhances the placement of pedicle
screws. Based on the review from the original guidelines,
there is relatively good evidence that the use of IOM pro-
vides useful information pertaining to the integrity of the

Grade 1

The use of direct screw stimulation evoked electro-
myography (EMG) responses, as a diagnostic modality
during lumbar fusion surgery, is an option since evidence
suggests that EMG monitoring can be highly sensitive in
detecting breaches of the pedicle (one Level 111 study).

Abbreviations used in this paper: EMG = electromyography;

IOM = intraoperative monitoring; MEP = motor evoked potential;
SSEP = somatosensory evoked potential.
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pedicle wall and the potential for neurological injury dur-
ing pedicle screw insertion.!
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Several important questions pertaining to the use of
IOM during lumbar fusion surgery remain unanswered
and include the following:

1) Does intraoperative electrophysiological monitor-
ing of the nerve roots increase the safety of lumbar or
lumbosacral instrumentation?

2) Does the use of intraoperative electrophysiological
monitoring influence patient outcomes following lumbar
spine fusion surgery for degenerative disease?

The current literature review was intended to address
these queries and examine the evidence pertaining to the
utility of IOM during lumbar fusion surgery for degenera-
tive disease.

Search Criteria

A computerized search of the database of the Na-
tional Library of Medicine from 2004 to December 2011
was conducted using the search terms ((“Lumbosa-
cral Region”’[MeSH] OR “Lumbar Vertebrae”[MeSH])
AND “Spinal Fusion”[MeSH]) OR “lumbar fusion”[All
Fields] OR (“lumbar”[title] AND “fusion”[title])) AND
(“Electrophysiology”’[MeSH] OR “Evoked Potentials”
[MeSH] OR “electromyography”’[MeSH]). The search was
restricted to the English language and human subjects,
yielding a total of 89 citations. The titles and abstracts of
each of these references were reviewed, and papers not
concerned with the use of monitoring for lumbosacral fu-
sion were removed. The references that provided either
direct or supporting evidence relevant to the use of moni-
toring for lumbar or lumbosacral fusion procedures were
included for review. Relevant references from the bibli-
ographies of these papers were also identified and listed.
Since the previous guidelines publication, 3 new articles
have been published that specifically address the role of
IOM in lumbar fusion. Two studies examined the role of
neuromonitoring in thoracolumbar procedures as well as
decompressive procedures.''® One published case report
reported injury to the iliac artery that was detected by
IOM.?

Scientific Foundation

Under ideal circumstances, the use of IOM would al-
low the surgeon to perform the intended procedure with
less risk and provide information predictive of outcome.
Since the publication of the original guidelines, there have
been relatively few studies published that provide further
insight into the utility of IOM for procedures to treat de-
generative disease of the lumbar spine. The recommen-
dations published in the original guidelines support the
use of IOM, both somatosensory evoked potential (SSEP)
and EMG, when the surgeon desires immediate intraop-
erative feedback regarding the potential of neurological
injury and/or immediate feedback regarding the integrity
of the pedicle wall when internal stabilization is intended
with pedicle screws.!

Alemo and Sayadipour' performed a retrospective
study in 86 patients who underwent lumbar fusion (37
patients) or lumbosacral fusion (49 patients), all with the
placement of titanium pedicle screws (Table 1). Somato-
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sensory evoked potential, motor evoked potential (MEP),
and evoked EMG testing of pedicle screws were per-
formed. In their study, 28 (5%) of 414 screws were found
to have a response with evoked EMG testing intraopera-
tively. All of these screws were repositioned, and none of
these patients were found to have a postoperative neuro-
logical deficit. There were 3 false-negative EMG evoked
responses during surgery. These were discovered after
the patients woke up with a new neurological deficit. Un-
fortunately, the misplacement of the screws was detected
by postoperative CT scanning and not through neuro-
monitoring. Based on this study there is no evidence to
suggest that intraoperative neuromonitoring can be used
to prevent neurological deficits during surgery.

Parker et al.'® performed a retrospective study ex-
amining the records of 418 patients in whom 2450 con-
secutive pedicle screws were placed (Table 1). Multimo-
dality neuromonitoring was performed (MEPs, SSEPs,
and evoked EMG response) for all surgeries that were
performed on the lumbar spine (L1-S1). This study was
unique in that CT scans were obtained 48 hours after
the surgery to confirm placement of the screws. Screw
positions on CT scans were correlated to EMG evoked
responses during surgery. A response below 7 mA in-
dicated to the surgeon that there might be malposition-
ing of the screw. It is unclear from the paper the number
of screws that were repositioned during surgery. Overall
there was a 0.7% false-negative rate (intraoperatively the
screw demonstrated no stimulation below 10 mA while
it was found to have a medial breach on CT scanning).
The authors correlated the EMG evoked responses to the
position of the screw on the CT scan to determine if there
was a particular threshold. In this study, the authors were
able to demonstrate that an EMG evoked response below
5 mA had a low sensitivity (43.4%) but high specificity
(99.9%) in detecting a medial breach of the pedicle screw.
This study supports previous literature that supports the
use of EMG testing during placement of instrumentation
in lumbar fusion procedures. Unfortunately, the paper
could not demonstrate any neuromonitoring findings that
could be used to help the surgeon avoid neurological in-
jury during placement of the instrumentation.

The Use of Neuromonitoring During Anterior
Lumbar Fusion

The majority of publications investigating the utility
of IOM with anterior lumbar procedures have been case
reports, limiting the strength of the data and any conclu-
sions that may be formulated. In one published case re-
port, there was a loss of MEP and SSEP signal to the
left lower extremity during surgery that correlated to oc-
clusion of the left iliac artery.’ Intraoperative exploration
revealed that the iliac artery had become trapped within
the L4-5 disc space. Following a release of the artery, a
full recovery of signal was observed and no neurological
deficits were observed following the procedure. Although
this evidence is purely anecdotal, at best Level IV evi-
dence, this study provides an example of the use of IOM
identified a potential injury that was correctable.
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TABLE 1: Electrophysiological monitoring and lumbar fusion: summary of evidence

Authors & Year Description Results Level of Evidence Conclusions
Alemo & Retrospective study that 28/414 screws (5%) evoked an EMG IV, retrospective  The use of intraop neuromonitoring
Sayadipour, examined the use of response during surgery. All of these case series during lumbar fusion surgery
2010 pedicle screws in lumbar screws were repositioned & there were cannot be routinely recommend-
fusion. no permanent neurological deficits ed as it does not always detect
associated w/ these screws. Three new postop neurological deficits.
false-negative evoked EMGs (3.48%)
were detected. These patients woke up
w/ a new neurological deficit.
Parker et al., Retrospective review of An EMG evoked response <5 mA IIl, retrospective  This paper does not provide the

2011 the placement of 2450
pedicle screws. Intraop
neuromonitoring was
correlated to postop CT
scans.

demonstrated a low specificity & high
sensitivity in detecting a medial breach
of the pedicle screw.

case series surgeon any information that
can be used during surgery to
avoid neurological deficits during
the placement of lumbar pedicle

SCrews.

Summary

The current literature review provided no new high-
quality studies supporting the use of IOM during lumbar
fusion for degenerative spine disease. The routine use of
IOM for this type of surgery, therefore, cannot be recom-
mended. The recommendations formulated in the origi-
nal guideline effort are neither supported nor refuted with
the evidence obtained with the current studies.

Several low-quality studies demonstrated a correla-
tion between changes in SSEP signals and nerve root in-
jury. Unfortunately, once a change has occurred, there is
no evidence to suggest that intraoperative maneuvers can
lead to recovery of the nerve function. There is evidence
to suggest that a threshold below 5 mA indicates a medial
breach of the pedicle screw, although it is unclear how
this affects the overall outcome. Finally, there is no evi-
dence to suggest that neurophysiological monitoring dur-
ing lumbar spine fusion can alter the outcome of surgery.
Unfortunately, the recent literature does little to address
the concerns previously stated.

Key Issues for Future Investigation

To date, there has been no randomized, prospective,
multicenter trial that has examined the value of [OM dur-
ing lumbar fusion surgery. Investigating the utility of IOM
may prove impractical, as the true value of intraoperative
signal changes could only be determined through a study
in which a cohort of patients received no intervention
for alternations in IOM observed during surgery. Such
a study would in all likelihood be considered unethical.
Such information, however, will be essential to perform a
validated cost-effectiveness analysis to determine wheth-
er the benefits of IOM justify the added cost.

Acknowledgments

We would like to acknowledge the AANS/CNS Joint
Guidelines Committee (JGC) for their review, comments, and sug-
gestions; Laura Mitchell, CNS Guidelines Project Manager, for her
organizational assistance; and Linda O’Dwyer, medical librarian,

104

for assistance with the literature searches. We would also like to
acknowledge the following individual JGC members for their con-
tributions throughout the review process: Timothy Ryken, M.D.;
Kevin Cockroft, M.D.; Sepideh Amin-Hanjani, M.D.; Steven N.
Kalkanis, M.D.; John O’Toole, M.D., M.S.; Steven Casha, M.D.,
Ph.D.; Aaron Filler, M.D., Ph.D., FR.C.S.; Daniel Hoh, M.D.;
Steven Hwang, M.D.; Todd McCall, M.D.; Jeffrey J. Olson, M.D.;
Julie Pilitsis, M.D., Ph.D.; Joshua Rosenow, M.D.; and Christopher
Winfree, M.D.

Disclosure

Administrative costs of this project were funded by the
Congress of Neurological Surgeons and the Joint Section on
Disorders of the Spine and Peripheral Nerves of the American
Association of Neurological Surgeons and Congress of Neurological
Surgeons. No author received payment or honorarium for time
devoted to this project. Dr. Ghogawala receives grants from the
Patient Centered Outcomes Research Institute (PCORI) and the
National Institutes of Health (NIH). Dr. Groff is a consultant for
DePuy Spine and EBI Spine. Dr. Mummaneni owns stock in
Spinicity and receives honoraria from DePuy Spine and Globus
and royalties from DePuy Spine, Quality Medical Publishers,
and Thieme Publishing. Dr. Wang owns stock in Bone Biologics,
AxioMed, Amedica, CoreSpine, Expanding Orthopedics, Pioneer,
Syndicom, VG Innovations, PearlDiver, Flexuspine, Axis, FzioMed,
Benvenue, Promethean, Nexgen, ElectroCore, and Surgitech and
holds patents with and receives royalties from Biomet, Stryker,
SeaSpine, Aesculap, Osprey, Amedica, Synthes, and Alphatec. The
authors report no other potential conflicts of interest concerning the
materials or methods used in this study or the findings specified in
this paper.

Author contributions to the study and manuscript preparation
include the following. Acquisition of data: all authors. Analysis
and interpretation of data: all authors. Drafting the article: Sharan.
Critically revising the article: all authors. Reviewed submitted ver-
sion of manuscript: all authors. Approved the final version of the
manuscript on behalf of all authors: Sharan. Study supervision:
Kaiser.

References

1. Alemo S, Sayadipour A: Role of intraoperative neurophysio-
logic monitoring in lumbosacral spine fusion and instrumenta-
tion: a retrospective study. World Neurosurg 73:72-76, 2010

2. Brown RH, Nash CL Jr, Berilla JA, Amaddio MD: Cortical
evoked potential monitoring. A system for intraoperative

J Neurosurg: Spine / Volume 21 / July 2014



monitoring of spinal cord function. Spine (Phila Pa 1976)
9:256-261, 1984

. Dawson EG, Sherman JE, Kanim LE, Nuwer MR: Spinal cord
monitoring. Results of the Scoliosis Research Society and the
European Spinal Deformity Society survey. Spine (Phila Pa
1976) 16 (8 Suppl):S361-S364, 1991

. Dinner DS, Liiders H, Lesser RP, Morris HH, Barnett G, Klem
G: Intraoperative spinal somatosensory evoked potential moni-
toring. J Neurosurg 65:807-814, 1986

. Jellinek D, Jewkes D, Symon L: Noninvasive intraoperative
monitoring of motor evoked potentials under propofol anes-
thesia: effects of spinal surgery on the amplitude and latency
of motor evoked potentials. Neurosurgery 29:551-557, 1991
. Keith RW, Stambough JL, Awender SH: Somatosensory corti-
cal evoked potentials: a review of 100 cases of intraoperative
spinal surgery monitoring. J Spinal Disord 3:220-226, 1990
. Loder RT, Thomson GJ, LaMont RL: Spinal cord monitor-
ing in patients with nonidiopathic spinal deformities using so-
matosensory evoked potentials. Spine (Phila Pa 1976) 16:
1359-1364, 1991

Part 15: Electrophysiological monitoring and lumbar fusion

9. Nair MN, Ramakrishna R, Slimp J, Kinney G, Chesnut RM:

Left iliac artery injury during anterior lumbar spine surgery
diagnosed by intraoperative neurophysiological monitoring.
Eur Spine J 19 (Suppl 2):5203-S205, 2010

10. Parker SL, Amin AG, Farber SH, McGirt MJ, Sciubba DM,

Wolinsky JP, et al: Ability of electromyographic monitoring
to determine the presence of malpositioned pedicle screws in
the lumbosacral spine: analysis of 2450 consecutively placed
screws. Clinical article. J Neurosurg Spine 15:130-135,2011

11. Resnick DK, Choudhri TF, Dailey AT, Groff MW, Khoo L,

Matz PG, et al: Guidelines for the performance of fusion pro-
cedures for degenerative disease of the lumbar spine. Part 15:
electrophysiological monitoring and lumbar fusion. J Neuro-
surg Spine 2:725-732, 2005

Manuscript submitted March 27, 2014.

Accepted April 9, 2014.
Please include this information when citing this paper: DOI:

8. Macon JB, Poletti CE, Sweet WH, Ojemann RG, Zervas NT:
Conducted somatosensory evoked potentials during spinal
surgery. Part 2: clinical applications. J Neurosurg 57:354—
359, 1982

10.3171/2014 .4 SPINE14324.

Address correspondence to: Michael G. Kaiser, M.D., Columbia
University, Neurological Surgery, The Neurological Institute, 710
W. 168th St., New York, NY 10032. email: mgk7@columbia.edu.

J Neurosurg: Spine / Volume 21 / July 2014 105



