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Abstract:
One of the most important tools we have to enhance patient safety during spine surgery for adolescent idiopathic 
scoliosis (AIS) is the combined use of somatosensory (SSEP) and motor (MEP) evoked potentials. Both are 
recommended because it increases the sensitivity and reliability of signals in the AIS population and thereby increases 
patient safety. In the case of the absence or a decrease of MEP/SSEP signals, the surgical team must problem solve 
these changes in a controlled and systematic manner. The purpose of this review is to discuss the following conditions 
which may lead to these changes. These include technical issues, anesthetic protocol, patient positioning, patient 
temperature, and blood pressure. If troubleshooting is unsuccessful and satisfactory preoperative signals are unable to 
be obtained, a Stagnara wake-up test may result in improved signals as the sedation decreases. Continued absence of 
signals, however, may lead to termination of the procedure and necessitate further testing. For cases in which decreased 
or absent neuromonitoring signals are seen during any point in the procedure, the patient should be admitted to the 
surgical floor or PICU postoperatively.

Key Concepts:
•	 In the event of decreased or absent MEP/SSEP signals, the surgical team must consider pre-existing challenges such 

as technical issues, anesthetic protocol, and patient positioning prior to any next steps.
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Introduction
Iatrogenic spinal cord injury is one of the most 
devastating complications in spine surgery. As a result, 
spinal cord monitoring, which utilizes somatosensory 
evoked potentials (SSEP) and/or motor evoked potentials 
(MEP), has become the standard of care for protection of 
neurologic function, with significant data supporting its 
use.

SSEPs monitor sensory change in the dorsal columns by 
issuing small, repeated bursts of electrical stimulation 
to the peripheral nerves and recording the time it takes 
to transmit these signals to the somatosensory cortex 
and subcortex, then averaging these data into one signal. 
A significant loss in signal amplitude of at least 60% 
is associated with a potential change in the neurologic 
status of the patient.1 One potential issue is the required 
time to average signals: it can take 5–10 minutes to 
detect an acute change in spinal cord function with 
SSEPs, while MEPs are more instantaneous.

By contrast, MEPs monitor the motor pathways. Again, 
electrodes stimulate the motor cortex through repeated 
bursts of voltage. However, unlike SSEPs, the TcMEPs 
directly evaluate the spinal cord pyramidal tracts in 
order to record motor signals. Additionally, unlike 
SSEPs where loss of signal is a universal identifier for 
change in neurologic status, there are three different 
warning criteria that may signal significant changes in 
motor function. The most commonly utilized method is 
known as the “Amplitude Technique,” in which an MEP 
response to a fixed stimulus intensity decreases beyond 
a predetermined threshold, usually around 60–80%. The 
“Threshold Technique” analyzes the minimum stimulus 
needed to elicit a response, where a significant 100 volt 
increase in response may indicate changes in motor 

function. Lastly, the “All or None Technique” allows for 
both stimulus-threshold increase and amplitude decrease 
so long as the responses are reproducible and recordable. 
This technique relies on a lack of response altogether as 
an indicator of changes in motor function.2

Due to the different advantages of each technique 
(SSEPs and MEPs), and based on a robust body of 
literature supporting the use of intraoperative neurologic 
monitoring (IONM) in adolescent idiopathic scoliosis 
patients, combined use of both neuromonitoring 
techniques is routinely utilized as the current gold 
standard during scoliosis spinal deformity correction 
procedures. Thirumala et al.3 performed a meta-analysis 
of studies that analyzed the multimodality of SSEP 
and transcranial motor evoked potential (TcMEP) in 
idiopathic scoliosis patients and found that use of TcMEP 
combined with SSEP offered an increased sensitivity to 
neurologic changes compared to the use of SSEP alone.

However, even with combined use of the two modalities 
and quicker response times, Hamilton et al. found that 
combined SSEP and MEP only detected 39–44% of 
new postoperative neurologic deficits intraoperatively.4 
Therefore, new guidelines, emphasizing the concurrent 
utilization of medical judgment and optimal 
intraoperative neuromonitoring (IONM) guidelines, may 
be necessary to provide superior intraoperative outcomes.

There are pre-existing guidelines that outline the 
appropriate intraoperative team response when loss 
of IONM signals occurs as described by Vitale et al5; 
however, it is also critical for the spine surgeon and 
the entire surgical team to optimize the patient’s 
neuromonitoring signals pre-, intra- and postoperatively 

•	 In cases where reduced or absent IONM signals still persist, a Stagnara wake-up test may yield optimal results.

•	 If all interventions fail to revive IONM, surgery must be aborted, and in-depth testing must be conducted in order to 
determine potential causes prior to proceeding with surgery.
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in order to hopefully prevent a signal loss event. The 
purpose of these guidelines is to provide guidance for 
the spine surgeon, anesthesiologist, neurophysiology 
technician and the rest of the surgical team in order to 
troubleshoot loss of neuromonitoring signals, specifically 
at the start of surgery, as well as to provide guidance for 
maintaining appropriate signals throughout the procedure.

Summary of Guidelines
Neuromonitoring signals may be partial or absent 
at the beginning of an idiopathic scoliosis case, 
which can present a stressful challenge for the 
entire surgical team. In the AIS patient, non-reliable 
monitoring feedback should require the surgeon to 
discuss the situation with the parents and may result 
in deferment of the case until the issue is resolved 
and the monitoring is reliable. Recommendations 
for troubleshooting different possible preoperative, 
intraoperative, and postoperative scenarios in which 
there is loss or weakening of neuromonitoring 
signals are described below and are depicted in 
Figures 1A–1C, and Table 1.

Preoperative Considerations
Preoperative evaluation and optimization are an essential 
component of surgeon-patient communication in the 
adolescent idiopathic scoliosis patient population. 
Families should be counseled on the use, benefits, and 
risks of IONM, including the potential for unobtainable 
or unreliable signals that may increase the risk of a 
resulting neurologic deficit. The baseline pre-operative 
neurologic exam should include careful motor, sensory, 
and reflex assessment in all patients. Families should also 
be counselled about the possibility of a wake-up test in the 
event that signals are unable to be obtained during surgery.

Anesthetic Considerations
All members of the surgical team, including surgeons, 
anesthesiologists, and neurophysiology technicians, 
should familiarize themselves with the following 
guidelines and communicate the neuroanesthetic plan 
clearly before surgery in order to optimize MEP/SSEP 
signals, and ultimately, patient outcomes. In particular, 

the surgeon, anesthesiologist, and entire surgical team 
should discuss the need for a Stagnara wake-up test in the 
possible event of intraoperative signal loss and establish 
a plan prior to the procedure.

Prior to induction, the following medications have been 
found to be clinically beneficial without interfering 
with IONM signals. Prophylactic dexamethasone has 
been shown in a double-blind, randomized, placebo-
controlled trial of 98 patients to be effective at reducing 
postoperative nausea and vomiting in pediatric scoliosis 
patients.6 Perioperative dexamethasone has also been 
shown to reduce postoperative opioid consumption in 
patients with AIS undergoing PSF,7 as well as in adults 
after surgery.7,8 Although preemptive pregabalin, which 
has neuroprotective effects, has been shown to reduce 
opioid consumption in adults after spinal surgery, further 
trials are needed to demonstrate whether this effect is 
also seen in adolescents.9

In addition to reducing postoperative opioid 
consumption, dexamethasone and acetaminophen may 
also reduce the requirement for benzodiazepines, which 
have a suppressant effect on intraoperative motor evoked 
potentials (MEPs). Benzodiazepines are GABA agonists 
that are often administered prior to the induction of 
general anesthesia. A single dose of midazolam can be 
given pre-induction without having a significant effect 
on MEPs, but should then be avoided for the remainder 
of the case. An intravenous dose of midazolam can 
reduce MEPs by a 20% amplitude.10 Midazolam has a 
short half-life with a duration of action typically under 
two hours; therefore, it has time to dissipate during the 
surgical exposure prior to pedicle screw placement and 
correction, times when having accurate MEP monitoring 
is critical.

During induction, the anesthesiologist should avoid 
neuromuscular (NM) blockade for cases requiring MEP 
monitoring because it typically dramatically reduces 
myogenic MEP signals. If NM blockade is necessary 
during intubation for airway manipulation, utilization 
of a short-acting agent, such as succinylcholine, or a 
quickly reversible agent, like rocuronium, can be used 
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Figure 1A. Flowchart of recommended steps for troubleshooting in Preoperative AIS 
neuromonitoring.
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Figure 1B. Flowchart of recommended steps for troubleshooting in Intraoperative AIS neuromonitoring.
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without ultimately interfering with MEP signals. If an 
inhalational induction of anesthesia is required, the 
patient should be transitioned to a total intravenous 
anesthetic (TIVA) technique.

Absent or Weak Signals at Induction
When there are no MEP/SSEP signals at induction, we 
recommend first checking any technical issues such as 
patient positioning or lead positions. If this has been 

Figure 1C. Flowchart of recommended steps for troubleshooting in postoperative AIS neuromonitoring.
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Table 1. Recommendations for Troubleshooting Different Possible Preoperative, Intraoperative, and Postoperative 
Situations
I. No MEP/SSEP at Induction
1. With Gas On:

–– Decrease Gas or go straight TIVA
–– Combination of isoflurane/sevoflurane and propofol will decrease signal strength

2. In settings of TIVA:
–– Decrease Propofol
–– Can work towards performing a Stagnara wake up test
–– As child lightens up, will often see improvements in monitoring
–– If no signals after lightening anesthetic, consider aborting for further testing

3. Remember to check leads and look at technical issues
II. Weak Motor/SSEP at Induction
1. With Gas On:

–– Decrease Gas
–– Aim for Minimal Alveolar Concentration (MAC) as close to 0 as possible and at a minimum <0.5

2. In settings of TIVA:
–– Decrease Propofol
–– If still low and normal MRI preoperatively, then can proceed with plans to perform a Stagnara test if signals weaken. 

Need to have a discussion with NM specialist to ensure that they are comfortable with motor to monitor during case
–– Increase voltage that stimulation is set at

3. Check for hypothermia as this can decrease signals. If the patient is cold, ensure forced air/convection warming 
(BairHugger) is in place, or consider increasing the temperature of the OR.

4. Evaluate for hypotension, often from the anesthetics used during induction. This may require a small fluid bolus or 
one-time vasopressor treatment to resolve.

5. Check patient positioning if weak signals are asymmetric. Ensure that pressure points are padded and upper 
extremities are not hyperabducted.

III. Decreased MEP/SSEP at end of exposure but prior to instrumentation
1. Check anesthetic first. This can happen with gas being on (turn down inhalational agent) or with Propofol 

accumulating in an obese or larger patient as propofol is dosed per unit body weight (turn down Propofol). If no 
changes after adjusting, consider aborting procedure to obtain further studies

2. Evaluate for hypotension, at this point likely from large volume blood loss during exposure. May require fluid bolus 
or vasopressor infusion to correct.

3. Check ABG for decreased hemoglobin, as anemia from blood loss (independent of hypotension) can lead to 
decreased signals. May require blood transfusion to resolve.

IV. Drop of MEP/SSEP near end of closure in a normal child
1. This is likely a true neurological event. Please refer to the SRS/Vitale checklist sheet for intraoperative 

neuromonitoring events.
V. Postoperative Disposition
1. If normal child and no intraoperative concerns- may admit to orthopaedic/surgical floor. Contact house officer for 

MAP<60. The initial step will be to volume challenge with fluids.
2. If normal child and there were neuromonitoring changes intraoperatively – admit to PICU. Consider central access 

depending on nature of neuromonitoring change (temporary versus permanent).
3. MAP should be adjusted based on age:

Age <5yo – MAP >65mmHg
Age 6–10yo – MAP >75mmHg
Age 11–15yo – MAP >80mmHg
Age >15yo – MAP >85mmHg
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performed and absent or weak signals persist with gas on, 
we recommend decreasing gas or going straight to TIVA. 
Oftentimes a combination of isoflurane/sevoflurane 
and propofol will decrease the strength of the signals. 
For weak signals, we recommend aiming for a Minimal 
Alveolar Concentration (MAC) as close to 0 as possible 
and at a minimum of <0.5.11,12

By contrast, in the setting of TIVA and absent or weak 
signals, we first recommend increasing the voltage 
stimulation. Thereafter, if weak signals persist or if 
there are no signals, we recommend first decreasing 
propofol. Propofol has dose-dependent effects on 
MEP signals, and plasma concentration may gradually 
build up throughout the case. Reducing propofol 
infusion to the lowest safe dose in conjunction with 
anesthetic adjuncts can allow for a gradual increase 
in blood pressure. Second, if this is unsuccessful, 
the anesthesiologist can lighten the anesthetic and an 
improvement in neuromonitoring signals may be seen. 
If signals remain low but detectable, it is critical to have 
a discussion with the neuromonitoring technician in 
order to ensure they are comfortable with monitoring 
the signals at their current level throughout the case. 
Third, we recommend checking for hypothermia as this 
can also decrease signals. If the patient is found to be 
cold, it is important to ensure that convection warming 
is in place or consider increasing the temperature of 
the operating room. Fourth, evaluate for hypotension, 
which can often be caused by anesthetics used during 
induction. This may require a small fluid bolus or 
one-time vasopressor treatment to resolve. Fifth, check 
patient positioning if the weak signals are asymmetric. 
It is always important to ensure pressure points are 
well padded and that the upper extremities are not 
hyper-abducted.

If there are no signals after reducing the anesthetic 
agents and a wake-up test, it may be necessary to abort 
the procedure in favor of further preoperative testing. 
Specifically, we recommend obtaining a neurology 
consult and a magnetic resonance imaging (MRI) study 
for further preoperative work-up.

Intraoperative Neuromonitoring 
Considerations
Total intravenous anesthesia (TIVA) provides the team 
with the most reliable and consistent MEP signals.13 
Avoid halogenated inhaled anesthetics and nitrous oxide, 
as they can suppress MEP signals in a dose-dependent 
fashion. Inhalational anesthetic agents can lead to a 
higher rate of false-positive MEP changes compared with 
TIVA regimens, regardless of the patient’s preoperative 
motor status.14

Propofol is an intravenous sedative with a short 
duration commonly used in general anesthesia; it can 
be safely used at low doses despite its dose-dependent 
MEP suppression.15 The maximum dose of propofol 
should be limited to less than 150 micrograms/kg/min. 
However, there are no studies supporting any single 
agreed-upon maximum dose. Titrating to the least 
amount of propofol that achieves anesthesia depth is 
optimal; therefore, we recommend using bispectral 
index (BIS) or other EEG awareness monitoring to 
help minimize propofol dosing. We also recommend 
avoiding boluses once a steady state has been reached 
and to consider an opioid in response to hypertension or 
other sympathetic activity events rather than additional 
propofol. Anesthesiologists and surgeons should also 
realize that propofol is lipid-soluble and can accumulate 
in heavier patients as it is dosed per kilogram, thus, 
increasing the total dose administered. Consideration 
should be given to decreasing the propofol dose in 
obese patients to minimize the impact of accretion in 
body fat.

Propofol utilized in conjunction with an opioid for 
TIVA produces better MEPs than inhaled anesthetics 
(including isoflurane and nitrous oxide) and an opioid.16 
Consider ketamine as a useful adjunct to reduce the dose 
of propofol and also to help improve postoperative pain 
control. It is important to note that ketamine does not 
suppress MEP signals; by contrast, it may spuriously 
increase SSEP signals, making it more difficult to 
identify a drop in signals due to nerve damage.17,18 In 
addition, increasing doses of ketamine may appear to be 
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increased awareness on monitoring when the patient is in 
fact more anesthetized.19

Lidocaine can also be considered as an adjunct to 
TIVA regimens in order to both improve postoperative 
pain control as well as to reduce the dose of MEP-
suppressing medications. Lidocaine does not interfere 
with MEP signals when used intraoperatively as part 
of a TIVA regimen. And when used as an adjunctive 
agent, it can even reduce the amount of propofol and 
opioids administered intraoperatively.20,21 Intraoperative 
administration of lidocaine may also result in reduced 
postoperative pain.22 In spite of its potential benefits, 
clinical use of lidocaine infusions is scarce due to delays 
in patient awakening and extubation.

Dexmedetomidine is generally considered to be a safe 
adjunctive anesthetic agent. Dexmedetomidine in low 
doses is commonly used as part of TIVA regimens, 
although higher doses can suppress MEP signal 
amplitudes and should therefore be avoided.23 However, 
low-dose infusions of dexmedetomidine can be safely 
used as TIVA adjuncts.24 Clinicians should be aware of 
the risk for a lengthy wake-up with dexmedetomidine 
after prolonged usage.

BIS monitoring or electroencephalography can be used 
to perform awareness monitoring during surgeries. 
Awareness monitoring helps detect the depth of 
anesthesia and can thereby help minimize use of 
anesthetics that impair MEP signals while also helping 
to prevent under- or over-anesthetization of the patient, 
decrease time to extubation, and reduce postoperative 
nausea and vomiting.25,26

There are a variety of opioid regimens that can be 
safely used as an adjunct to TIVA throughout the 
duration of the case without having a major effect on 
MEP signals.27 Fentanyl is one example of a commonly 
used opioid agent. Continuous IV infusions of fentanyl 
and other opiates can help maintain steady opioid 
concentrations. Large boluses of opioids should be 
avoided until the end of the case after instrumentation 
is complete. However, we recommend continuing MEP 

monitoring until after closure when the surgical signout 
is complete.

We strongly recommend maintaining blood pressure 
close to the patient’s preoperative baseline value and 
maintain mean arterial pressure (MAP) over 80mmHg 
in order to ensure appropriate spinal cord perfusion as 
well as to optimize MEPs. However, during exposure, 
the surgeon may want to request lower MAPs to avoid 
bleeding (Verma et al. 2013); this can be carried out 
safely as long as MEPs remain stable.28 Optimization 
of patient hemodynamics is essential for maintenance 
of MEP and SSEP signals because decreased blood 
pressure may result in decreased cerebral and local spinal 
blood flow. Importantly, during correction maneuvers in 
pediatric scoliosis surgery, increasing MAP to >70mmHg 
may help prevent the occurrence of MEP signal loss.29

MEP Signal Loss Management
When there is an unexplained decrease in MEP 
signals not due to technical causes, it is critical to alert 
all members of the intraoperative team. Immediate 
implementation of an intraoperative checklist in the event 
of an intraoperative neuromonitoring (IONM) change 
best helps the entire surgical team efficiently address 
the cause of MEP signal loss. Step-by-step guidelines 
for the entire surgical team were published (Vitale et al. 
2014) along with a list of best-practice guidelines for 
intraoperative neuromonitoring.5 We recommend taping 
the intraoperative checklist to the wall of the operating 
room alongside our flowchart (Figure 1) for easy 
reference by the entire team so that they may implement 
it simultaneously and systematically in the event of a pre- 
or intraoperative IONM change.

As described previously (Yang et al. 2018), approximately 
20% of MEP losses during deformity surgery improved 
with blood pressure augmentation to >85mmHg alone.29 
Body temperature changes may also significantly 
affect MEPs by affecting the plasma concentration of 
anesthetic agents. Checking an arterial blood gas may 
also be prudent. Maintaining intraoperative Hgb levels 
above 7 mg/dl for most patients is sufficient, while more 
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aggressive transfusions may be indicated for the patient 
identified as having increased risk for ischemic injury.5 
While these guidelines can be followed at all timepoints 
of monitoring, management specifics for signal loss can 
be applied to certain portions of the case.

I. Decreased MEP/SSEP at the End of Exposure (Prior to 
Instrumentation)
In the event of decreased MEP/SSEPs at the end of 
exposure, we first recommend decreasing any inhalational 
anesthetic agent. Second, we recommend evaluating for 
hypotension which may occur due to large volume blood 
loss during the surgical exposure. This may require a 
fluid bolus or vasopressor infusion to correct. Third, we 
recommend checking an ABG for decreased hemoglobin, 
as anemia from blood loss (independent of hypotension) 
can lead to signal suppression, which may require a blood 
transfusion to resolve. Decreased MEP/SSEPs at the end 
of exposure can also occur because propofol has been 
accumulating in an obese or larger patient, as propofol is 
dosed per unit body weight. In this case, we recommend 
decreasing propofol and performing a wake-up test, and 
if there are no changes with any of the above measures, 
considering termination of the procedure in order to obtain 
further studies.

II. Electromyographic Monitoring (EMG) During 
Pedicle Screw Placement and Rod Insertion
Intraoperative neuromonitoring using continuous EMG 
and trigger-EMG (t-EMG) is crucial during pedicle screw 
placement in order to prevent screw malpositioning and 
pedicle breach. Trigger EMG involves electrical stimulation 
of individual screws and subsequent measurement of 
muscle action potentials from muscles innervated by nerve 
roots near the stimulated screw.30 Continuous EMG and 
t-EMG directly monitor spontaneous motor activity in 
real-time, highlighting any nerve stretching or compression 
during pedicle screw placement or during rod insertion. A 
positive response to stimulation thresholds below 10 mA is 
highly suggestive of pedicle breach, and redirection of the 
screw should be considered.31

If a reduction or loss of signals occurs during rod 
insertion (Figure 2), we recommend immediately 

reversing the most recently taken action and waiting until 
signals return before proceeding. In Figure 2, section A, 
MEPs in the lower extremities (black line) are decreased 
greater than 50% compared with the baseline amplitude 
(green line) after rod insertion; subsequently, in section 
B, MEPs are restored to baseline levels after rod 
removal. In section C, lower extremity MEPs once again 
decrease relative to baseline after rod re-insertion, and in 
section D, MEPs are restored after increasing MAP and 
administering dexamethasone.32

III. Drops of MEP/SSEP Near the End of Closure
If there is a drop in neuromonitoring signals near the 
end of closure in a normal child with AIS, this is likely 
a true neurological event. We recommend referring to 
the IONM checklist as described by Vitale et al. for 
management of intraoperative neuromonitoring events.5

Postoperative Neuromonitoring 
Considerations
Utilization of preoperative and intraoperative anesthetic 
adjuncts described above, including but not limited to 
dexamethasone, acetaminophen, ketamine and lidocaine 
can help to reduce postoperative analgesic requirements. 
Following emergence from anesthesia and extubation, a 
reliable physical exam from a cooperative patient can be 
used to affirm MEP changes.

IV. Postoperative Disposition
In the normal AIS patient without any intraoperative 
concerns, he or she may be admitted to the orthopaedic/
surgical floor. The house officer on call should be 
contacted for MAP<60, in which case the initial step 
should be to volume challenge the patient with fluids. 
By contrast, in the normal child with intraoperative 
neuromonitoring changes, this patient should be admitted 
to the Pediatric Intensive Care Unit (PICU). Depending 
on whether the neuromonitoring change was transient or 
permanent, we recommend considering central access 
in the PICU. Postoperatively, MAP should be adjusted 
based on age. We suggest the following parameters 
(which are roughly 10–20mmHg above the average 
MAP for a given age group), which help to both assure 
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adequate perfusion to the spinal cord postoperatively, but 
also to ensure that blood pressure is not maintained at too 
high a level for very young children with lower MAPs.

Age <5yo – MAP >65mmHg

Age 6–10yo – MAP >75mmHg

Age 11–15yo – MAP >80mmHg

Age >15yo – MAP >85mmHg

Summary
Preoperative optimization of neuromonitoring signals by 
the spine surgeon, anesthesiologist and neurophysiology 
technician using the above guidelines, as outlined in the 
Table 1 and Figure 1, can help to prevent intraoperative 
neuromonitoring events in the adolescent idiopathic 
scoliosis patient. We recommend keeping these 
guidelines in mind and on hand in the operating room in 
the event the surgical team needs to troubleshoot reduced 

Figure 2. A. Decrease in lower extremity MEP’s (black line) after rod insertion during posterior spinal fusion in a 13-year-old 
female with adolescent idiopathic scoliosis. B. Return of MEPs to baseline (green line) after rod removal. C. Decrease in lower 
extremity MEPs after rod re-insertion. D. Restoration of MEPs after increasing MAP and administering dexamethasone (APB: 
Abductor Pollicis Brevis; ADQ: Abductor Digiti Quinti; TA: Tibialis Anterior; AH: Abductor Hallucis).32
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or absent neuromonitoring signals together at any 
point during posterior spinal fusion for the adolescent 
idiopathic scoliosis patient.

*POSNA QSVI Committee: Nicholas D. Fletcher, MD; 
Lorena V. Floccari, MD; Michael P. Glotzbecker, MD; 
Jaime A. Gomez, MD; Joshua S. Murphy, MD; Allison 
B. Spitzer, MD
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