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Methods. We identified 19 international expert spinal defor-

Study Design. Expert opinion—modified Delphi study.
Objective. We used a modified Delphi approach to obtain

consensus among leading spinal deformity surgeons and their

neuroanesthesiology teams regarding optimal practices for

obtaining reliable motor evoked potential (MEP) signals.
Summary of Background Data. Intraoperative neurophysio-

logical monitoring of transcranial MEPs provides the best method

for assessing spinal cord integrity during complex spinal surgeries.

MEPs are affected by pharmacological and physiological parame-

ters. It is the responsibility of the spine surgeon and neuroanesthe-

sia team to understand how they can best maintain high-quality

MEP signals throughout surgery. Nevertheless, varying approaches

to neuroanesthesia are seen in clinical practice.
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mity treatment teams. A modified Delphi process with two

rounds of surveying was performed. Greater than 50% agree-

ment on the final statements was considered ‘‘agreement’’;

>75% agreement was considered ‘‘consensus.’’
Results. Anesthesia regimens and protocols were obtained from

the expert centers. There was a large amount of variability

among centers. Two rounds of consensus surveying were

performed, and all centers participated in both rounds of

surveying. Consensus was obtained for 12 of 15 statements, and

majority agreement was obtained for two of the remaining

statements. Total intravenous anesthesia was identified as the

preferred method of maintenance, with few centers allowing for
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low mean alveolar concentration of inhaled anesthetic. Most

centers advocated for <150 mg/kg/min of propofol with titration

to the lowest dose that maintains appropriate anesthesia depth

based on awareness monitoring. Use of adjuvant intravenous

anesthetics, including ketamine, low-dose dexmedetomidine,

and lidocaine, may help to reduce propofol requirements

without negatively effecting MEP signals.
Conclusion. Spine surgeons and neuroanesthesia teams should

be familiar with methods for optimizing MEPs during deformity

and complex spinal cases. Although variability in practices

exists, there is consensus among international spinal deformity

treatment centers regarding best practices.
Key words: anesthesia, blood pressure, consensus,
dexmedetomidine, intraoperative neuromonitoring, ketamine,
lidocaine, motor evoked potentials, neurophysiology, propofol,
spinal cord injury, spinal deformity, total intravenous anesthesia.
Level of Evidence: 5
Spine 2020;45:911–920

any complex spinal operations, particularly
M deformity surgery and treatment of compressive
or intramedullary lesions, place the spinal cord at

risk for injury. Intraoperative neuromonitoring (IOM)
uses various techniques to test neural integrity while patients
are anesthetized. Multimodal IOM, using a combination of
motor evoked potentials (MEPs) and somatosensory
evoked potentials (SSEPs), is a reliable and validated method
for assessing spinal cord function.1–4 However, although
the combination of these techniques is better than either
technique alone,5,6 current Level 1 guidelines suggest that
MEPs are superior to SSEPs as diagnostic adjuncts for
monitoring spinal cord function during surgery (i.e., have
better specificity and sensitivity).7 When used with stan-
dardized protocols and alarm criteria, MEPs become the
spinal surgeon’s greatest asset, particularly during high-risk
surgery.8,9

Transcranial electrically stimulated myogenic MEP
monitoring is the most common form of IOM and is
affirmed by standardized guidelines of the American Clini-
cal Neurophysiology Society. Successful use requires mul-
tidisciplinary buy-in from the spine surgeon, the IOM
technician, the electrophysiologist, and the anesthesiolo-
gist.10 Despite the critical importance of the MEPs to the
surgeon, the utility of this monitoring modality is most
reliant on the anesthesiologist, as signals are exquisitely
sensitive to anesthetic agents.11 Therefore, it is important
for the teams to work harmoniously, with each stakeholder
aware of the other’s interventions with consistent commu-
nication throughout the procedure, to avoid false-positive
findings.12

A number of studies have examined the effects of various
anesthetic interventions on MEP monitoring.13 Neverthe-
less, there exists significant variability in the practice of
neuroanesthesiology globally. This variability is partially
due to the fact that anesthesiology is somewhat of an art
 Copyright © 2020 Wolters Kluwer 
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form, requiring constant fine-tuning and adjustment in
response to individualized and dynamic patient needs. How-
ever, the lack of concrete guidelines and structured recom-
mendations is also contributory and is likely due to the
difficulty in proving superiority with randomized trials. We
hypothesized that we could achieve consensus among lead-
ing expert teams of spine surgeons and neuroanesthesiolo-
gists at international centers regarding optimal practices
during spinal deformity and other complex spinal cases
requiring accurate MEP monitoring.

MATERIALS AND METHODS
The study was performed using a modified Delphi research
method for achieving expert consensus (Figure 1). Expert
spinal deformity treatment teams were identified interna-
tionally for inclusion in the study from multiple centers, and
their participation was requested. All teams were from
major academic centers with experience in adult spinal
deformity surgery, complex spinal procedures, and exten-
sive use of MEP monitoring during corrective maneuvers.
Teams consisted of the spinal surgeon(s) and their lead
anesthesiologist for spinal deformity cases.

After garnering participation from the expert teams, each
team was queried regarding their standardized protocols for
cases regarding the highest quality MEP signals. A total of
18 centers were included for analysis (one center in Europe,
17 centers in North America) and participated in the process
by submitting their protocols. Once these were collected,
each aspect of the protocols was examined for variation in
practices from the rest of the centers.

After the protocols were gathered, the first phase of
questioning was employed to obtain quantitative opinions
about various practices. The participating centers were
asked to answer all questions with the intention of forming
consensus. The lead and senior authors created a survey of
question statements aimed at identifying the portions of
protocols that varied between centers. Responses were
rated according to whether there was ‘‘consensus,’’ defined
as >75% concordance between centers, or a majority
‘‘agreement,’’ defined as >50% concordance. A participa-
tion rate of >85% was required for each statement to
be included.

Fifteen statements were surveyed in the first phase of the
analysis. The responses with consensus-level concordance
during the first round were left unchanged. Those that
achieved a level of majority agreement or no agreement
at all were changed on the basis of comments from partici-
pating centers. On the basis of these changes, a second phase
was performed. In the second round of surveying, there were
15 statements. Respondents chose whether they ‘‘agree,’’
‘‘disagree,’’ or ‘‘neither agree nor disagree’’ with each state-
ment. Sixteen of 18 centers participated in phase 1 of
surveying, and 18 of 18 centers participated in phase 2.
All finalized consensus statements were then reviewed by the
panel of experts to ensure that there was no objection to any
of the outcome responses or statements.
Health, Inc. All rights reserved.
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Figure 1. Flow diagram outlining the modi-
fied Delphi method used to obtain consen-
sus. Used with permission from Barrow
Neurological Institute, Phoenix, Arizona.
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RESULTS
During the initial data collection, it was noted that no two
protocols were exactly the same. Ten institutional protocols
were obtained. The 15 surveyed questions from the first
round were built around this variation in protocols. Major-
ity agreement or better was reached for 11 of 15 statements.
Of the 11 statements with at least majority agreement,
consensus was achieved in eight.

Of the 15 statements from phase 2, 14 achieved at least
majority agreement. Of those 14 statements, consensus was
achieved for 12. A summary of the final guideline statements
can be found in Table 1.

DISCUSSION
Although the information obtained from MEP monitoring
during complex spinal surgery remains one of the most vital
tools of the surgeon, it places additional anesthetic con-
straints on the anesthesiologist who performs the case.
 Copyright © 2020 Wolters Kluwer 
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Myogenic MEP signals are derived from a train of inter-
posed transcranial electric pulses that result in synapses on
the anterior horn cells of the lower motor neurons. It is
suspected that this is where many of these anesthetic effects
occur.14,15 Although SSEP stimulation appears to be less
sensitive to many of the medications (although it too can be
decreased by anesthesia), it is inferior to MEP for recogniz-
ing neural injury.7 Likewise, SSEP monitoring does not
provide the instantaneous feedback that MEP does and only
assesses dorsal column integrity. Although combined use of
SSEP and MEP monitoring is consistently used by all centers
in our study, the value of intraoperative MEP monitoring,
specifically, cannot be overstated.

Standardization of multimodal IOM is a multidisciplin-
ary endeavor and relies on a team of surgeons, anesthesi-
ologists, neurologists, and IOM technicians to maximize its
diagnostic and therapeutic potential.16,17 Much of the exist-
ing information about MEP monitoring for deformity
Health, Inc. All rights reserved.
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TABLE 1. Summary of Consensus Guideline Statements

Recommendation
Level of
Agree-
ment

Preinduction
Dexamethasone, acetaminophen, and pregabalin/gabapentin are all surgical adjuncts to the anesthesia regimen that
can be given safely preoperatively to decrease pain and narcotic requirements without compromising MEPs.

Consensus

While midazolam (or another benzodiazepine) has been shown to decrease MEP signals, a dose prior to induction
can be used safely for sedation without significant effect on MEPs. Benzodiazepines should be avoided for the
remainder of the case.

Consensus

During induction
Neuromuscular blockade should be avoided for cases requiring MEPs. During intubation, particularly in instances
where prepositioning baselines are required, if neuromuscular blockade is required, a short-acting or quickly
reversible agent, such as succinylcholine or rocuronium, can be utilized to prevent suppression of MEPs.

Consensus

After induction
Total intravenous anesthesia (TIVA) provides the most consistent and reliable MEP signals. Halogenated inhaled
anesthetics and nitrous oxide should be avoided due to their dose-dependent suppressive effects on MEP signals.

Agreement

Although dose-dependent suppression of MEP signals occurs with propofol use, there does not appear to be a single
agreed-upon maximum infusion dose. Limiting the propofol dose to less than 150 mg/kg/min appears to be the most
agreed upon cutoff, though higher doses may be tolerated in specific situations.

Consensus

Elevated levels of propofol infusion can significantly decrease the value of MEP signals. Maintaining lower propofol
infusion rates by adding other types of intravenous anesthetics that do not adversely affect MEP signals can be
beneficial.

Consensus

Ketamine can be used as an adjunctive medication with TIVA regimens to reduce the required dose of other MEP-
suppressing medications and improve postoperative pain control, particularly in patients with chronic pain.

Consensus

Lidocaine can be used as an adjunctive medication with TIVA regimens to reduce the required dose of other MEP-
suppressing medications and improve postoperative pain control.

Consensus

Although low doses of dexmedetomidine are generally considered to be safe, high doses can be suppressive of MEP
signals and therefore are generally not recommended.

Agreement

Bispectral index or electroencephalography can be used as adjuncts during surgical cases to perform awareness
monitoring in cases where minimizing anesthetic is required to enhance MEP signals.

Consensus

Variable opioid regimens can be safely employed with continuous infusion to provide steady dosing and minimal
variability throughout the case. Large boluses should be avoided until the end of the case when MEP monitoring is
no longer required by the surgical team.

Consensus

There was no consensus regarding the specific opioid derivative to use during cases requiring MEPs. None

Methadone can be considered as part of the opioid regimen, particularly in patients with chronic pain. Consensus

To ensure appropriate spinal cord perfusion and optimize MEPs, blood pressure should be maintained close to the
patient’s preoperative baseline value, and mean arterial pressure (MAP) >80 mm Hg should be maintained.

Consensus

During MEP signal loss
In cases where unexplained decreases of MEP signals occur after ruling out technical causes, the most important
consideration is to ensure that all inhaled anesthetic agents are discontinued. If there are no inhaled anesthetic
agents, blood pressure augmentation, and assessment of the patient’s body temperature should be performed.
Propofol doses should then be reduced as much as possible.

Consensus

Consensus was defined as >75% agreement among experts. Agreement was defined as >50% agreement among experts. MEP indicates motor evoked
potential.

DEFORMITY Neuroanesthesia Guidelines for Optimizing MEPs � Walker et al
surgery comes from the pediatric and idiopathic scoliosis
literature, with conclusions extrapolated and applied to adult
spinal surgery. It is our experience that practices vary greatly
among providers with different levels of experience with this
specific surgical goal. This suspicion was corroborated by the
fact that, even at our high-volume centers, no two teams had
identical protocols. As such, we sought to bring together the
agreed-upon principles from the expert centers to provide a
clear set of guideline statements that can be used by surgical
teams attempting to perform complex spinal procedures that
require the highest quality MEP signals. These same princi-
ples can also be applied to nondeformity cases where there
may be preoperative spinal cord injury or dysfunction
compromising baseline MEP signal amplitudes.
 Copyright © 2020 Wolters Kluwer 
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Preinduction
STATEMENT: Dexamethasone, acetaminophen, and pre-
gabalin/gabapentin are all surgical adjuncts to the anesthe-
sia regimen that can be given safely preoperatively to
decrease pain and narcotic requirements without
compromising MEPs.

Administration of these agents is termed ‘‘preemptive
analgesia’’ and has been suggested to improve pain control
following surgery.18–23 Although no studies exist, to our
knowledge, that directly show the effect of these agents on
intraoperative anesthesia requirements, the reduction in
postoperative opioid use associated with preemptive anal-
gesia implies that the requirement for intraoperative MEP-
suppressing medications may be reduced as well. Most
Health, Inc. All rights reserved.
July 2020
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expert teams in our panel routinely prescribe all or a
combination of these medications before surgery.

STATEMENT: While midazolam (or another benzodi-
azepine) has been shown to decrease MEP signals, a dose
prior to induction can be used safely for sedation without
significant effect on MEPs. Benzodiazepines should be
avoided for the remainder of the case.

Benzodiazepines exhibit cortical neuronal suppression by
means of gamma-aminobutyric agonism and are commonly
administered during induction of general anesthesia. It has
been shown that even single-dose intravenous administra-
tion of midazolam reduces myogenic electrical MEP by
approximately 20% amplitude.24 Midazolam has a rela-
tively short half-life, and its duration of action (typically
<2 hours) is affected by redistribution rather than metabo-
lism.25 In our study, expert teams felt that, despite this
decrease, a single dose could be safely administered at the
beginning of the case. Redosing or continuous infusion after
induction should be avoided.

During Induction
STATEMENT: Neuromuscular blockade should be

avoided for cases requiring MEPs. During intubation, par-
ticularly in instances where prepositioning baselines are
required, if neuromuscular blockade is required, a short-
acting or quickly reversible agent, such as succinylcholine or
rocuronium, can be used to prevent suppression of MEPs.

Complete neuromuscular blockade results in a dramatic
loss of myogenic MEP signals. During intubation, the use of
neuromuscular blockade may be beneficial. However, use of
blockade during this portion of the procedure may preclude
the team from obtaining prepositioning baselines, a require-
ment in many trauma, myelopathy, and cervical instability
cases. Therefore, neuromuscular blockade, if required for
these cases, may be performed with a rapid-acting or easily
reversible agent. Similarly, if muscle relaxation is desired by
the surgeon during exposure, particularly in a large defor-
mity case requiring extensive dissection without the imme-
diate need to assess MEPs, a reversible agent may be
advantageous to help reduce blood loss and ease dissection.

Some expert teams have used partial neuromuscular
blockade with successful MEP monitoring.26 Partial neuro-
muscular blockade theoretically may help to improve signals
by decreasing background muscle firing without affecting
the stimulated response, thereby increasing the signal-to-
noise ratio of the MEP response. This requires careful
titration of the agent to a level that reflects partial block
of monitored twitches (a twitch height between 5% and
50% or a train of four responses with two of four twitches)
using a closed-loop continuous infusion.15,27–30 Patients
with myelopathy may fail to have strong enough MEP
signals and fail to conduct with partial neuromuscular
blockade.26 Likewise, extensive experience with this tech-
nique and appropriate titration make use impractical for
most neuroanesthesia and neuromonitoring teams; there-
fore, our consensus is that neuromuscular blockade, outside
of the aforementioned circumstances, should be avoided to
prevent deterioration of MEP signal quality.
 Copyright © 2020 Wolters Kluwer 
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After Induction
STATEMENT: Total intravenous anesthesia (TIVA)

provides the most consistent and reliable MEP signals.
Halogenated inhaled anesthetics and nitrous oxide should
be avoided due to their dose-dependent suppressive effects
on MEP signals.

Early studies examining anesthetic effects on MEP moni-
toring found that, in most instances, inhaled anesthetics,
including nitrous oxide and halogenated gases, allowed for
signal acquisition but that there was a dose-dependent
suppression with these agents.31–36 Specifically, in most
circumstances, it was felt that mean alveolar concentrations
(MACs) up to 0.5 could allow for safe MEP monitoring
without a prohibitive reduction in potentials.37,38 In our
expert panel of teams, there were several groups that con-
sistently perform MEP cases using low levels of gas with
maximal concentrations of 0.3 or 0.5 MAC. The consistent
use of inhaled anesthetics by some of our panel is likely why
we obtained only a majority agreement with this statement
rather than complete consensus.

The data from the most recent studies largely support a
total intravenous anesthesia (TIVA) approach.38,39 A small
study by Lo et al40 suggested that both TIVA and low-dose
inhaled anesthetic regimens could be safely used for MEP
monitoring in spine surgery. However, it is clear that there is
a dose-dependent effect of inhalational anesthetic agents
with suppression occurring even at lower MACs.41,42 This
effect, in turn, leads to a higher rate of false-positive MEP
changes compared with TIVA regimens, independent of the
patient’s preoperative motor status.43 As such, the majority
of the experts on our panel supported a TIVA approach in
cases requiring the highest quality MEP signals.

STATEMENT: While a dose-dependent suppression of
MEP signals occurs with propofol use, there does not appear
to be a single agreed-upon maximum infusion dose. Limit-
ing the propofol dose to less than 150 mg/kg/min appears to
be the most agreed upon cutoff, though higher doses may be
tolerated in specific situations.

STATEMENT: Elevated levels of propofol infusion can
significantly decrease the value of MEP signals. Maintaining
lower propofol infusion rates by adding other types of
intravenous anesthetics that do not adversely affect MEP
signals can be beneficial.

Propofol is a hypnotic, intravenously delivered sedative
used in general anesthesia. Although propofol generally
lacks analgesic properties and needs to be administered
with another agent, such as an opioid, the short duration
of action makes it an attractive, titratable agent. Early
studies demonstrated that successful monitoring using mul-
titrain MEP stimulation could be performed with propofol
despite a dose-dependent suppression in signal ampli-
tude.37,44 Likewise, it was discovered that propofol plus
an opioid for TIVA produces better MEPs than inhaled
anesthetics (isoflurane and nitrous oxide) plus opioid-bal-
anced anesthesia.38 As such, propofol has become one of
the primary medications used for TIVA during MEP
monitoring cases.
Health, Inc. All rights reserved.
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In our study, we asked what the maximal cutoff dose our
teams recommended for propofol during these cases.
Although all teams agreed that titrating to the lowest dose
that still allows for appropriate anesthesia depth was rec-
ommended, the expert teams initially selected varying cutoff
doses between 50 and 200 mg/kg/min. On the basis of these
responses, we found that the minimal level that captured
>50% of expert responses was 100 mg/kg/min, and the
minimal level that captured 75% of expert responses was
150 mg/kg/min, which was the level we used for our consen-
sus phase 2 agreement.

We concluded that, although the consensus was to
use <150 mg/kg/min, titrating to the least amount of pro-
pofol that achieves safe anesthesia depth, preferably
<100 mg/kg/min, is the best recommendation. As is dis-
cussed below, awareness monitoring may help determine
this balance of anesthesia depth by minimizing propofol
dosing. Of note, it is also important to avoid bolus admin-
istraton of propofol. There may be a tendency among many
anesthesiologists to administer a bolus in response to
hypertension or other forms of sympathetic activity, but
this should be avoided. In these circumstances, it may be
advisable to administer a bolus of another agent, such as
an opioid.

STATEMENT: Ketamine can be used as an adjunctive
medication with TIVA regimens to reduce the required dose
of other MEP-suppressing medications and improve post-
operative pain control, particularly in patients with chronic
pain.

Ketamine is a dissociative anesthetic that can be applied
with TIVA regimens with known postoperative analgesic
benefits.45–48 These benefits may be particularly helpful in
the setting of chronic pain.49 Several studies have demon-
strated that ketamine administration does not suppress
MEP signals.50–53 In fact, it has been seen that SSEP signals
often increase with administration, which may make keta-
mine beneficial in individuals with preoperative neural
compromise.53,54 In our study, consensus was achieved
regarding the use of ketamine for cases with TIVA and
MEP monitoring. Although almost every team included
ketamine as part of their protocol, many employed it
conditionally for opioid-tolerant patients or only in spe-
cific situations. This may be due to the known psychomi-
metic effects of the medication and concern regarding
postoperative hallucinations.52 Ketamine may also have
paradoxical effects on awareness monitoring, with increas-
ing doses associated with the appearance of greater aware-
ness, but the patient is acutally more anesthetized.55

Discretion regarding the use and dosage of ketamine is
up to the neuroanesthesiologist. Given its minimal effect
on MEPs and positive analgesic influence, it should be
considered adjunctively in most spinal cases requiring
MEPs.

STATEMENT: Lidocaine can be used as an adjunctive
medication with TIVA regimens to reduce the required dose
of other MEP-suppressing medications and improve post-
operative pain control.
 Copyright © 2020 Wolters Kluwer 
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Lidocaine infusion can be considered throughout cases
where TIVA is implemented for MEPs. It has been shown
that lidocaine does not adversely affect MEP signals when
used intraoperatively as part of a TIVA regimen.56 When
used adjunctively, it can help reduce the doses of propofol
and opioids required.57 Likewise, extensive literature in
various surgical disciplines has suggested analgesic proper-
ties that persist postoperatively, which may pertain to
known anti-inflammatory effects.58–60 However, a recent
study suggests that the effects in spinal fusion surgery may
be less than for other surgical disciplines.61 In our study,
lidocaine infusion was slightly less common part of the
protocols than ketamine, although consensus was obtained
regarding its benefit as an addition to TIVA. A study of
patients who received open nephrectomy suggests that the
two agents (lidocaine and ketamine) have similar opioid-
sparing and analgesic effects.62 Consequently, the team may
consider the use of either agent independently or as a
combination in conjunction with the TIVA regimen for
MEP cases.

STATEMENT: Although low doses of dexmedetomidine
are generally considered to be safe, high doses can be
suppressive of MEP signals and therefore are generally
not recommended.

Dexmedetomidine infusion has also become a common
addition to many TIVA regimens. It has been suggested that
dexmedetomidine has enhanced analgesic benefits after
lumbar fusion surgery compared with opioids,63 although
these benefits have not been seen with multilevel deformity-
correction procedures.64 Although some early reports sug-
gested that dexmedetomidine could safely be added to
regimens without negative consequences to MEP monitor-
ing,65,66 it was reported that higher doses resulted in signifi-
cant suppression of MEP signal amplitudes.67 A dose-
escalation study demonstrated that clinically relevant target
plasma concentrations of 0.6 to 0.8 ng/mL drastically
reduced the amplitude of MEPs.68 Consequently, most
studies have suggested that low-dose infusions can be per-
formed safely as adjuncts to TIVA.69 It should be noted,
however, that the addition of dexmedetomidine requires
appropriate adjustment and incremental decrease of propo-
fol infusion rates to avoid oversedation and MEP
signal loss.70,71 In our study, the majority of expert teams
routinely use dexmedetomidine adjunctively with their anes-
thesia for MEP cases, and it was consensus that low-dose
infusions could be administered safely without compromis-
ing signals.

STATEMENT: Bispectral index or electroencephalogra-
phy can be used as adjuncts during surgical cases to perform
awareness monitoring in cases where minimizing anesthetic
is required to enhance MEP signals.

Awareness monitoring has been applied to help deter-
mine the depth of anesthesia. Studies have shown that it may
allow for improved anesthetic delivery and postoperative
recovery.72 On the one hand, it provides protection from
overanesthetizing the patient and has been shown to
decrease time to extubation as well as the risk of
Health, Inc. All rights reserved.
July 2020
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postoperative nausea and vomiting.73,74 On the other hand,
it also may help to prevent underanesthetizing the patient,
which can result in intraoperative memory.73 In the clinical
scenario where MEP quality reflects the use of the lowest
amount of anesthetic that depresses signals, awareness
monitoring may be helpful to toe the line between minimiz-
ing anesthetics and underanesthetizing the patient.75

STATEMENT: Variable opioid regimens can be safely
employed with continuous infusion to provide steady dosing
and minimal variability throughout the case. Large boluses
should be avoided until the end of the case when MEP
monitoring is no longer required by the surgical team.

STATEMENT: Methadone can be considered as part of
the opioid regimen, particularly in patients with chronic
pain.

Most anesthetic regimens incorporate opioids for anal-
gesia. In our study, there was no consensus or agreement on
the specific opioid preferred during MEP cases, although
fentanyl and its derivatives, remifentanil and sufentanil,
appeared most often on our expert team protocols. Mainte-
nance of steady concentrations with continuous intravenous
infusions appears to be the best approach, and studies have
suggested that opioids have minimal effect on MEP signal
amplitudes.24,76

Methadone has also become an enticing option for
intraoperative analgesia with complex spinal surgery,
particularly in patients with chronic pain. Although meth-
adone administration was not as common among our
expert teams, consensus was reached that methadone
could be safely considered as part of the analgesic regimen.
Methadone has been shown to be safe for MEP cases and
does not have negative effects on signal amplitudes.77

Potential benefits of methadone use include long half-life
(24–36 hours) with reduced postoperative opioid require-
ments, better pain control, and greater patient satisfac-
tion.78

STATEMENT: To ensure appropriate spinal cord per-
fusion and optimize MEPs, the anesthesiologist should
maintain blood pressure close to the patient’s preoperative
baseline value and mean arterial pressure (MAP) >80 mm
Hg.

Optimizing hemodynamics has been repeatedly demon-
strated to be crucial for maintaining appropriate MEP and
SSEP signals. Decreased pressure may result in reduced
cerebral and local regional spinal blood flow, and patients
with preoperative neurological compromise as well as
spinal manipulation inherent to the deformity correction
or other complex spinal therapeutic maneuvers may be
particularly at risk.79 It has been suggested that, in
the particularly complex circumstance of thoracic disc
herniation, MAP be maintained at a level that is at
least as high, and probably slightly higher, than the
patient’s preoperative baseline level.80 Likewise, in the
pediatric deformity literature, it has been suggested that,
during correctional maneuvers, increasing the MAP to
>85 mmHg may help to prevent signal loss.81 In our study,
the consensus was that the patient’s MAP should be at
 Copyright © 2020 Wolters Kluwer 
Spine
least �80 mmHg rather than the patient’s preoperative
baseline level to prevent MEP signal loss. Depending on
the clinical scenario, teams may allow for selective mild
hypotension during exposure of large wounds to help
prevent extensive blood loss; however, this should be
clearly discussed beforehand to prevent negative
neurological sequelae.

During MEP Signal Loss
STATEMENT: In cases where unexplained decreases of

MEP signals occur after ruling out technical causes, the most
important consideration is to ensure that all inhaled anes-
thetic agents are discontinued. If there are no inhaled
anesthetic agents administered, blood pressure augmenta-
tion and assessment of the patient’s body temperature
should be performed. Propofol doses should then be reduced
as much as possible.

Extensive guidelines have been developed to help aid in
the decision process for instances in which IOM signals are
lost during deformity surgery. Simultaneous and systematic
enactment of these evidence-based guidelines using a check-
list helps surgical teams respond and react to changes
efficiently.82 Implementation of best practices helps surgical
teams gain control of the room, address anesthetic and
systemic causes of disturbances, eliminate technical issues,
and appropriately evaluate whether surgical maneuvers may
be causative.83 In this study, we focused particularly on the
perceived anesthetic and systematic contributions to MEP
signal reductions.

In our first-round survey of expert teams, the most
common nonsurgical reason (not caused by an operative
maneuver) implicated in MEP signal loss during operations
was inhaled anesthetics. Although most teams advocated
for TIVA as their anesthetic approach, a minority of expert
teams continue to use balanced anesthesia with inhaled
anesthetics at low MAC as part of a combined multiagent
regimen. In these instances, it was felt that the first step
would be to stop all of these gases and evaluate for improve-
ment. Similarly, in the groups using low doses of neuro-
muscular blockade to help with muscle relaxation,
neuromuscular blockade should be stopped and reversed
immediately.

If this technique does not improve the MEP signals, then
blood pressure augmentation and evaluation of the patient’s
hemodynamic characteristics and vital signs is crucial. One
study showed that approximately 20% of MEP losses
occurring during deformity operations improved with blood
pressure augmentation to >85 mmHg alone.81 Likewise,
body temperature changes may also have a dramatic effect
on MEP signals by affecting plasma concentrations of vari-
ous anesthetics.84

Lastly, as stated above, propofol doses have dose-depen-
dent effects on MEP signals. A build-up of plasma concen-
trations may occur gradually throughout the case.
Therefore, in the case of MEP signal loss, the propofol
infusion rate should be reduced to the lowest safe dosage.
If there is concern for underanesthetizing the patient with
lower propofol doses, the alternative adjunctive agents
Health, Inc. All rights reserved.
www.spinejournal.com 917



DEFORMITY Neuroanesthesia Guidelines for Optimizing MEPs � Walker et al
discussed above may be added to help keep the patient from
experiencing intraoperative awareness.
91
Key Points
8

Anesthetic practices vary greatly, even among
expert deformity treatment teams that routinely
perform complex spinal operations that require
MEP monitoring.

In this study, we show that there is consensus
among our expert panel regarding the optimal
principles of neuroanesthesia for cases that
require the highest quality MEP signals.

All stakeholders of the surgical team, including
surgeons, anesthesiologists, neurologists, and
neurophysiology technicians, should be aware of
these consensus statements and effectively
communicate the neuroanesthetic plan during
surgery to ensure MEP fidelity and patient
outcomes.
ww
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