OSCOr Clinical Guideline

Oscar Clinical Guideline: Intraoperative Neuromonitoring (CG045, Ver. 7)

Intraoperative Neuromonitoring

Disclaimer

Clinical guidelines are developed and adopted to establish evidence-based clinical criteria for
utilization management decisions. Clinical guidelines are applicable according to policy and plan type.
The Plan may delegate utilization management decisions of certain services to third parties who may
develop and adopt their own clinical criteria.

Coverage of services is subject to the terms, conditions, and limitations of a member’s policy, as well
as applicable state and federal law. Clinical guidelines are also subject to in-force criteria such as the
Centers for Medicare & Medlicaid Services (CMS) national coverage determination (NCD) or local
coverage determination (LCD) for Medlicare Advantage plans. Please refer to the member’s policy
documents (e.q., Certificate/Evidence of Coverage, Schedule of Benefits, Plan Formulary) or contact

the Plan to confirm coverage.

Summary

The Plan members undergoing certain high-risk surgeries may benefit from specialized monitoring,
known as intraoperative neuromonitoring (IONM), to help identify and/or prevent damage to critical
nerve, spine, and brain structures. IONM is a broad term that includes many different monitoring
techniques where a technician or physician observes the function of at risk structures while a surgeon
performs the desired procedure. Examples of IONM include brainstem auditory evoked potential (BAEP),
visual evoked potential (VEP), electroencephalography (EEG), electromyography (EMG), motor evoked
potential (MEP), or sensory evoked potential (SEP). Each of these techniques involves the use of stimuli
to a certain part of the nervous system, and then the response is recorded to determine if that specific
pathway is functioning properly. Not all surgical procedures require IONM. This guideline describes the
criteria and medical necessity for intraoperative neuromonitoring specifically, and does not address

non-operative neurologic testing.

Definitions
“Intraoperative neuromonitoring (IONM)” refers to the use of various electrophysiologic methods of
monitoring the function of the brain, spinal cord, and associated nerves during a surgical procedure.
e "Electroencephalography (EEG)” is used to monitor electrical activity of the brain by using small
electrodes placed on the scalp. This method can be used as its own form of IONM, but is also

integral to detecting the brain response to stimuli in many of the other forms of IONM.




“Brainstem auditory evoked potential (BAEP)" is a form of IONM used to monitor the function
of the pathway from the auditory nerve to the brainstem. It is performed by delivering a loud,
repetitive click noise inside the ear(s) and then recording the time it takes for brainstem electrical
activity to change using electrodes placed on the scalp.

“Visual evoked potential (VEP)" is a form of IONM used to monitor the function of the pathway
from the eyes to the occipital lobe, the part of the brain responsible for vision. A light stimulus is
shined in the eye(s) and the response is recorded with electrodes placed on the scalp.
"Electromyography (EMG)" is a form of IONM used to monitor the function of skeletal muscles
and the nerves controlling them. The nerve to a given muscle can be stimulated and the
electrical activity of the target muscle is then measured.

“Motor evoked potential (MEP)” is a form of IONM used to monitor the function of the motor
cortex and outgoing motor tracts. The motor cortex is stimulated, either with direct electrical
stimulation or with transcranial magnetic stimulation, and the resulting muscle activity is
measured with small electrodes placed on the overlying skin.

“Sensory/Somatosensory evoked potential (SEP/SSEP)” is a form of IONM used to monitor the
function of the sensory cortex and incoming tracts. The target sensory region on the body is
stimulated, and the resulting activity in the sensory cortex is recorded with electrodes placed on

the scalp and/or spine.

Clinical Indications

General Criteria

The Plan requires ALL IONM procedures to meet ALL of the following general criteria to meet medical

necessity:

1.
2.

Requested by the operating surgeon; and
The monitoring is performed by a physician (MD or DO) licensed in the state who is trained and
experienced in IONM, or a technologist under the supervision of the licensed physician; and
The monitoring is interpreted by a physician (MD or DO) licensed in the state who is trained and
experienced in IONM, who provides real-time supervision and recommendations while
monitoring in-person or remotely; and
The physician monitoring and interpreting is NOT the surgeon; and
The physician or licensed technician monitors no more than 3 cases simultaneously; and
The period of neuromonitoring includes intra-operative time only and should not exceed the
documented operative period, which does not have to be continuous (e.g., can be 30 minutes of
monitoring, with a break, and then another 30 minutes, which would be 1 hour total); and
Documentation of the monitoring includes ALL of the following:

a. The necessity for IONM and justification for the technique(s) used; and

b. The nerve(s) being tested/monitored; and

c. The latencies at each testing point captured in software or explained narratively; and
d. Interpretation of the results as normal or abnormal; and
e

Any action or intervention taken as a result of the IONM.



Electroencephalography (EEG)
When the general criteria outlined above are met, the Plan considers IONM using electroencephalogram
(EEG) medically necessary when one of the following criteria are met:
1. Intracranial neurovascular surgeries, including but not limited to:
a. AV malformation surgery; or
b. Cerebral vascular aneurysm; or
2. Intracranial tumors:
a. Supratentorial tumor resection; or
3. The following vascular surgeries:
a. Arteriography requiring a temporary occlusion of the carotid artery; or
Circulatory arrest requiring hypothermia (note: circulatory bypass surgeries such as
CABG do not fall under this criteria); or
c. Surgery of the thoracic aorta, aortic arch, aortic branching vessels, or carotid vessel

surgeries when there is risk of cerebral ischemia.

Brainstem auditory evoked potential (BAEP)
When the general criteria outlined above are met, the Plan considers IONM using brainstem auditory
evoked potentials (BAEP) medically necessary for any one of the following indications:

Cerebral vascular surgery; or

Chiari malformation surgery; or

w

Microvascular cranial nerve decompression when performed via intracranial posterior fossa
approach; or

Resection of chordoma; or

Odontoidectomy; or

Decompression of tumor from anterior brainstem or tumor above C2 in the spinal cord; or

Compressive brainstem tumor removal; or

® N o ok

Acoustic neuroma surgery

Electromyography (EMG)
When the general criteria outlined above are met, the Plan considers IONM using electromyography
(EMG) medically necessary for any ONE of the following indications:
e Procedures involving the facial nerve, including:
o Microvascular decompression for hemifacial spasm; or
o Acoustic neuroma surgery; or
o Congenital auricular lesions; or
o  Skull base lesions; or
o Surgery for cholesteatoma; or
o Surgical removal of facial nerve neuroma; or

o Vestibular neurectomy for Meniere's disease; or



(e]

Selective dorsal rhizotomy; or

e Excision of neuromas involving ONE of the following:

o

(0]

(e]

(e]

(o]

Oculomotor nerve (CN 3); or
Trochlear nerve (CN 4); or
Abducens nerve (CN 6); or
Glossopharyngeal nerve (CN 9); or
Spinal accessory (CN 11); or
Hypoglossal nerve (CN 12); or
Recurrent laryngeal nerve; or

Superior laryngeal nerve; or

e Intraoperative identification of ONE of the following nerves during high-risk skull base, posterior

fossa, or brainstem surgeries:

(e]

(e]

(0]

(e]

(e]

(e]

Oculomotor nerve (CN 3); or
Trochlear nerve (CN 4); or
Abducens nerve (CN 6); or
Glossopharyngeal nerve (CN 9); or
Spinal accessory (CN 11); or
Hypoglossal nerve (CN 12)

e Intraoperative monitoring of the recurrent laryngeal nerve during:

(0]

(e]

Anterior neck surgery; or

Thyroid or parathyroid surgery

Sensory/Somatosensory Evoked Potential (SEP/SSEP)

When the general criteria outlined above are met, the Plan considers IONM using SEP/SSEP with or

without motor evoked potentials (MEP) medically necessary for any one of the following indications:

1. The following spinal surgeries:

a.

C.

d.

Surgery for scoliosis or other significant spinal deformity requiring traction of the spinal
cord; or

Removal of spinal cord tumors or tumors causing cord compression, including
intramedullary tumors; or

Traumatic injury to the spinal cord requiring surgery; or

AV malformation of the spinal cord; or

2. The following intracranial surgeries:

a.

b
C.
d.
e

Chiari malformation surgery; or

Cerebral vascular aneurysms; or

Deep brain stimulation surgery, such as for Parkinson’s disease; or

Endolymphatic shunt for Meniere’s disease; or

Microvascular decompression of cranial nerves or removal of tumors involving cranial
nerves; or

Skull base or cavernous sinus tumor removal; or



3.

g. Oval or round window graft; or

h. Resection of brain tissue near the primary motor cortex; or

i. Resection of epileptogenic brain tissue or tumor; or

j- Intracranial AV malformation surgery; or

k. Surgery for movement disorders; or

| Vestibular section; or

The following vascular surgeries:

a. Arteriography requiring a temporary occlusion of the carotid artery; or

b. Circulatory arrest requiring hypothermia (note: circulatory bypass surgeries such as
CABG do not fall under this criteria); or

c. Distal aortic procedures where there is risk of spinal cord ischemia; or
Surgery of the thoracic aorta, aortic arch, aortic branching vessels, or carotid vessel

surgeries when there is risk of cerebral ischemia

High-risk surgeries may also necessitate multiple IONM modalities. The specific IONM modalities used

should be appropriate for the planned surgical intervention and are each subject to review.

Experimental or Investigational / Not Medically Necessary

IONM with the following procedures or indications have limited available data and/or have not shown a

benefit in the available literature and are therefore considered experimental, investigational, or

unproven:

ANY procedure or indication not meeting the above inclusion criteria.
IONM for pain management procedures, including but not limited to:

o Epidural steroid injections

o Radiofrequency ablation

o Medial branch block

o Facet joint injections

o Selective nerve root block
IONM with a technician alone (e.g., no physician), or automated IONM.
ANY intraoperative spinal monitoring for surgeries below the level of the spinal cord, which
typically ends at L1-L2 in most adult patients, with the exception of patients at risk for spinal
cord injury due to spinal abnormality such as tethered cord or chiari malformation.
Intraoperative brainstem auditory evoked potentials (BAEP) for conductive hearing loss
surgeries, including stapedectomy/stapedotomy, tympanoplasty, and ossicular reconstruction.
Visual evoked potentials (VEP) for ANY intraoperative indication.
Intraoperative motor evoked potentials (MEP) in ANY of the following situations:

o When performed using transcranial magnetic stimulation

o For spinal cord stimulator placement

o When used without SSEP
Intraoperative electromyography (EMG) for ANY of the following situations:



(0]

When used in combination with a complete neuromuscular blockade for anesthesia, as
functioning neuromuscular junction is required for EMG monitoring
When performed as intraoperative surface EMG
Facial nerve (CN 7) monitoring for any of the following indications:
m  Cochlear implant surgery
m Parotid gland surgery
m  Tympanoplasty without mastoidectomy
m  Maxillofacial surgery
Trigeminal nerve (CN 5) monitoring in:
m  Decompression
m  Neurectomy
m Radiosurgery
m  Rhizotomy
Monitoring of peripheral nerves
Aortic aneurysm repair
Lower extremity joint surgeries, including but not limited to hip dysplasia surgery or hip
replacement, knee arthroplasty, or total knee replacement.
Prostatectomy
Rectal cancer surgery
Rotator cuff surgery
Tibial neurectomy
Wrist arthroscopy
Dorsal column stimulator placement
Monitoring of the recurrent laryngeal nerve during anterior cervical spine procedures
Adjustment of vertical expandable prosthetic titanium rib (VEPTR)
Spinal procedures, including decompressive surgery, discectomy, fusion or other type of
invasive spinal surgery.

Intracranial tumor surgeries; brainstem and motor-strip mapping with EMG

e Intraoperative SSEP for the following indications:

(e]

(o]

Monitoring the femoral nerve during transpsoas lumbar lateral interbody fusion
Monitoring the facial nerve during:
m  Submandibular gland excision
m  Parotid gland surgery
Lower extremity joint surgeries, including but not limited to hip dysplasia surgery or hip
replacement, knee arthroplasty, or total knee replacement..
Implantation of a spinal cord stimulator
Off-pump coronary artery bypass surgery
Thyroid surgery and parathyroid surgery
Cochlear implantation

Monitoring spinal injections (e.g., facet joint, interlaminar and transforaminal epidural)



o Wrist arthroscopy repair or other surgical intervention for carpal tunnel or ulnar nerve
entrapment
o Prostate surgery
o Pectus excavatum surgery
e |ONM for uncomplicated single level spinal procedures, including:
o ACDF (anterior cervical discectomy and fusion)
o Lumbar fusion

o Lumbar discectomy

Evidence for Experimental or Investigational or Not Medically Necessary

Intraoperative Brainstem auditory evoked potentials (BAEP) for conductive hearing loss surgery:

There is limited data demonstrating a potential benefit of BAEP for this indication. The data is primarily
in the form of small, single institution, retrospective studies. One study by Hsu (2011), looked at 32
consecutive patients undergoing laser stapedotomy and determined that 23% of patients undergoing
the procedure had intraoperative adjustments made. Another study by Selesnick et al in 1997 found
correlation between intraoperative BAEP and post-operative hearing outcomes. However, the size and

number of existing studies limit conclusions regarding clinical utility and benefit for this indication.

Intracperative Visual evoked potentials (VEP)

VEPs have been historically used with variable success for the monitoring of lesions near the optic
chiasm. However, the literature has shown that interpreting these signals may be difficult and subjective.
A 2017 meta-analysis by Metwali et al demonstrated that intraoperative VEPs have a high predictive
value but low sensitivity. Other studies have shown that VEPs are only feasible in 70-80% of patients. An
UpToDate review on the topic states, “Usefulness of VEP monitoring has not been established, and
concerns have been raised that traditional stimulation methods do not produce responses that follow the
pathway of useful vision. Also, VEPs are susceptible to effects from general anesthetics, and technical
problems with stimulators make monitoring difficult.” Further evidence regarding the clinical utility and

potential benefit of intraoperative VEP is needed.

Intraoperative Motor evoked potentials (MEFP) with transcranial magnetic stimulation (TMS)
Most procedures with MEP are performed using electrical, rather than magnetic stimulation. The existing
literature for magnetic stimulation is limited to case reports and small retrospective series, and IONM

using TMS has not yet received FDA approval.

EMG when performed as intraoperative surface EMG
Surface EMG has not yet been fully studied in the intraoperative setting and has not been approved for

this indication, nor is it recommended by any consensus guidelines.

Intraoperative EMG of the facial nerve for cochlear implant surgery
Alzhrani et al (2016) evaluated rates of facial nerve palsy following cochlear implantation in 3403

surgeries, concluding that “Cochlear implantation entails only a minimal risk of FN palsy and that FN



palsy is chiefly a transient problem”. Other studies have found rates <1% of facial nerve palsy and felt
that incidence was related to heating injury or viral reactivation. Given the rarity of this finding and the
lack of data using IONM with EMG for this indication, further data is needed.

Intraoperative EMG or SSEP of the facial nerve for parotid gland surgery

A 2009 study by Grosheva et al prospectively looked at patients with EMG vs. no EMG to the facial
nerve receiving parotid surgery, finding no difference in immediate post-operative outcome or
permanent facial nerve function. EMG did significantly reduce the duration of OR time for superficial
parotidectomy. Another study by Shan et al in 2014 found no difference in the incidence of post-op
facial paralysis in patients monitoring with EMG vs. those who were not, but found reduced surgical time
(around 60 minutes) in patients with revision surgery who underwent IONM with EMG to the facial nerve.

Further evidence is needed to confirm a potential benefit in clinical outcomes for this indication.

EMG for intraoperative monitoring of the trigeminal nerve

A 2004 study by Brock et al looked at IONM with EMG and BAEP for trigeminal neuralgia surgical
decompression, and concluded “There were no correlations between the entity of the intraoperative
EMG discharges and the postoperative facial and trigeminal function.” Further evidence is needed to

confirm if this technique should be used for this indication.

EMG for intraoperative monitoring of peripheral nerves
There has been no prospective or randomized data suggesting that IONM with EMG for surgical
procedures involving peripheral nerves has any benefit or improvement in clinical outcomes. Further

research is needed to define the role of EMG in this setting.

EMG for intraoperative monitoring in any of the following settings has not been studied or there is not a
clear, documented benefit in the literature:
e Aortic aneurysm repair
e Hip dysplasia surgery or hip replacement. Data is limited to a small, 12 patient study showing a
single patient where persistent postoperative muscle weakness may have been prevented.'
® Prostatectomy: There are current clinical trials recruiting patients for intraoperative EMG with
robot assisted radical prostatectomy, however the current evidence is limited for this indication.>
® Rectal cancer surgery: Recent studies have begun examining intraoperative EMG for low anterior
resection in rectal cancer (both robotic and non-robotic surgeries). Kauff et al conducted a
randomized trial in 2016 (NEUROS) looked at “Continuous intraoperative monitoring of pelvic
autonomic nerves during TME to prevent urogenital and anorectal dysfunction in rectal cancer
patients”, however the results have yet to be published.
e Rotator cuff surgery
e Tibial neurectomy

e  Wrist arthroscopy



EMG monitoring of the recurrent laryngeal nerve anterior cervical spine surgery:

A study by Jellish et al (1999) looked at rates of adverse events involving the recurrent laryngeal nerve
after anterior cervical spine surgeries, finding 38% experienced hoarseness and 15% had “severe” side
effects. They found that a greater number of EMG activations was associated with adverse events;
however, this study was limited by its non-randomized nature and lack of a control group to determine
statistical differences. In 2009, Dimopoulos et al conducted a prospective study on 298 patients
undergoing anterior cervical discectomy and fusion (ACDF) to evaluate the role of EMG in predicting
post-operative outcomes. They found “Postoperative RLN injury occurred in 2.3% of our patients. The
sensitivity of IEMG was 100%, the specificity 87%, the positive predictive value 16%, and its negative
predictive value 97%.” The low PPV and high NPV indicate that EMG may be a good tool at excluding
injury to the RLN but is not a good predictor of injury in patients with positive EMG findings, limiting
clinical utility. Another study by Chen et al (2014) looked at almost 2000 patients and found that only
0.16% of all patients undergoing anterior c-spine surgery experience long-term (>6 months) symptoms
as a result of recurrent laryngeal injury, indicating that monitoring in this population may not be

necessary. Further randomized, clinical evidence is required to determine the utility of this technique.

EMG monitoring for spinal procedures

A 2017 study by Ajiboye et al looked at almost 10,000 pedicle screw placements, finding no significant
difference in outcomes between surgeries with EMG and those without. Another study by the same
group looked at >26,000 patients undergoing anterior cervical spine surgeries, and concluded that “for
ACDFs, there is no difference in the risk of neurological injury with or without ION use.” At the present

time, there is insufficient evidence for EMG use in spinal procedures.

IONM for adjustment of vertical expandable prosthetic titanium rib (VEPTR):

A 2009 study by Skaggs et al examined 1736 VEPTR procedures for the efficacy of IONM. of the 1736
procedures, only 8 (0.5%) demonstrated any perioperative neurologic injury and only 1 of these 8 was
permanent. The use of IONM in this setting should be further examined to determine whether there is a
true clinical benefit to the procedure as the prevalence of injury during this surgery may be exceptionally

low.

SSEP for intraoperative monitoring of the femoral nerve during transpsoas lumbar lateral interbodly
fusion

A study by Silverstein et al in 2014 looked at 41 consecutive procedures and found 3/41 patients with
post-operative symptoms after 5/41 had intraoperative SSEP findings, and no patients with normal SSEP
findings experienced a deficit. Despite these findings, further data is needed to confirm any potential

benefit for this indication.



SSEP for intraoperative spinal cord monitoring for cervical, lumbar, or thoracic laminectomy or fusion
According American Association of Neuromuscular & Electrodiagnostic Medicine practice guidelines
there is no proven benefit and American Clinical Neurophysiology Society does not have guidance on
SSEP. In 2017, a retrospective case-control study of 121 patients who underwent spinal cord procedures
with the combination of intraoperative neuromonitoring was found to have low sensitivity, false

negatives, and poor positive predictive value of neurological injury.

IONM for uncomplicated single level spinal procedures:

Cole et al (2014) conducted a retrospective review of 85,640 patients undergoing single-level spinal
procedures. 12.66% of the reviewed procedures utilized intraoperative neuromonitoring.

"“Lumbar laminectomies had reduced 30-day neurological complication rate with neuromonitoring (0.0%
vs. 1.18%, P=0.002). Neuromonitoring did not correlate with reduced intraoperative neurological
complications in ACDFs (0.09% vs. 0.13%), lumbar fusions (0.32% vs. 0.58%), or lumbar discectomy
(1.24% vs. 0.91%)". The authors concluded that “with intraoperative neurological monitoring in
single-level procedures, neurological complications were decreased only among lumbar laminectomies.
No difference was observed in ACDFs, lumbar fusions, or lumbar discectomies”. Another retrospective
study by Ajiboye et al (2017) looked at 15,395 patients undergoing an ACDF, where patients received
IONM with “SSEPs only (48.7%), MMEPs only (5.3%), and combined SSEPs and MMEPs (46.1%).
Neurological injuries occurred in 0.23% and 0.27% of patients with and without ION, respectively
(P=0.84).” The authors concluded that “Use of ION does not further prevent the rate of postoperative
neurological complications for ACDFs as compared with the cases without ION. The utility of routine
ION for ACDFs is questionable.”

Applicable Billing Codes (HCPCS/CPT Codes)

Intraoperative Neuromonitoring

CPT/HCPCS Codes considered medically necessary if criteria are met:

Code Description

92652 Agdi’_cory evoke_d potentials; for threshold estimation at multiple frequencies,
with interpretation and report

92653 Auditory evoked potentials; neurodiagnostic, with interpretation and report

95829 Electrocorticogram at surgery (separate procedure)

95865 Needle measurement and recording of electrical activity of muscles of voice box

95867 Needle electromyography; cranial nerve supplied muscle(s), unilateral

95868 Needle electromyography; cranial nerve supplied muscles, bilateral

10



95925

Short-latency somatosensory evoked potential study, stimulation of any/all
peripheral nerves or skin sites, recording from the central nervous system; in
upper limbs

95926

Short-latency somatosensory evoked potential study, stimulation of any/all
peripheral nerves or skin sites, recording from the central nervous system; in
lower limbs

95927

Short-latency somatosensory evoked potential study, stimulation of any/all
peripheral nerves or skin sites, recording from the central nervous system; in
upper and lower limbs

95938

Short-latency somatosensory evoked potential study, stimulation of any/all
peripheral nerves or skin sites, recording from the central nervous system; in
upper and lower limbs

95940

Continuous intraoperative neurophysiology monitoring in the operating room,
one on one monitoring requiring personal attendance, each 15 minutes (List
separately in addition to code for primary procedure)

95941

Continuous intraoperative neurophysiology monitoring, from outside the
operating room (remote or nearby) or for monitoring of more than one case
while in the operating room, per hour (List separately in addition to code for
primary procedure)

95955

Electroencephalogram (EEG) during nonintracranial surgery (eg, carotid surgery)

95999

Unlisted neurological or neuromuscular diagnostic procedure [measurement of
the degree of neuromuscular blockade, which may be integral to the procedure
and not separately reimbursable. This code is to bill for Train of four testing
which allows measurement of the extent of the NMB.]

G0453

Continuous intraoperative neurophysiology monitoring, from outside the
operating room (remote or nearby), per patient, (attention directed exclusively
to one patient) each 15 minutes (list in addition to primary procedure)

ICD-10 codes considered medically necessary if criteria are met:

Code Description

C70.1 Malignant neoplasm of spinal meninges
C71.7 Malignant neoplasm of brain stem

C71.9 Malignant neoplasm of brain, unspecified
C72.0 Malignant neoplasm of spinal cord

C72.20-C72.22

Malignant neoplasm of olfactory nerve

C72.30-C72.32

Malignant neoplasm of optic nerve

C72.40-C72.42

Malignant neoplasm of acoustic nerve

11



C72.50 - C72.59

Malignant neoplasm of cranial nerves

C73

Malignant neoplasm of thyroid gland

C79.31-C79.32

Secondary malignant neoplasm of brain and cerebral meninges

D32.1 Benign neoplasm of spinal meninges

D33.0-D33.4 Benign neoplasm of brain and other parts of central nervous system

D42.0 - D42.9 Neoplasm of uncertain behavior of meninges

D43.0 - D43.9 Neoplasm of uncertain behavior of brain and central nervous system

D49.6 Neoplasm of unspecified behavior of brain

D49 7 Neoplasm of unspecified behavior of endocrine glands and other parts
of nervous system

E04.2 Nontoxic multinodular goiter

160.00 - 160.02 Nontraumatic subarachnoid hemorrhage from carotid siphon and bifurcation

160.10 - 160.12 aNrEc)ergaumatic subarachnoid hemorrhage from middle cerebral

160.30 - 160.32 CNoo;:;it;r:lz‘iiii;uabr?;?;:hnoid hemorrhage from posterior

160.4 Nontraumatic subarachnoid hemorrhage from basilar artery

160.50 - 160 52 aNr?Q:;aumatic subarachnoid hemorrhage from vertebral

160.6 - 160.7 Nontraumatic subarachnoid hemorrhage from intracranial arteries

160.8 - 160.9 Nontraumatic subarachnoid hemorrhage

165.21 - 165.29 Occlusion and stenosis of carotid artery

167.1 Cerebral aneurysm, nonruptured

M41.00 - M41.08

Infantile idiopathic scoliosis

M41.112 - o _ o
M41.119 Juvenile idiopathic scoliosis

M41.122 - . . o
M41.129 Adolescent idiopathic scoliosis

M41.20 - M41.29

Other idiopathic scoliosis

M41.30 - M41.35

Thoracogenic scoliosis

12



M41.40 - M41.47

Neuromuscular scoliosis

M41.50 - M41.57

Other secondary scoliosis

M41.80 - M41.9

Other forms of and unspecified scoliosis

M43.21 - M43.23

Fusion of spine, occipito-atlanto-axial, cervical and cervicothoracic regions

M43.8X1-
M43.8X3

Other specified deforming dorsopathies, occipito-atlanto-axial, cervical and
cervicothoracic regions

M47.11 - M47.13

Other spondylosis with myelopathy, occipito-atlanto-axial, cervical and
cervicothoracic regions

M47.22 Other spondylosis with radiculopathy, cervical region

M47.811 - Spondylosis without myelopathy or radiculopathy, occipito-atlanto-axial, cervical
M47.813 and cervicothoracic regions

M47.892 Other spondylosis, cervical region

M48.02 Spinal stenosis, cervical region

M50.00 Cervical disc disorder with myelopathy, unspecified cervical region
M50.02 Cervical disc disorder with myelopathy, mid-cervical region

M50.022 - . L .

M50.023 Cervical disc disorder at C5-Cé and/or C6-C7 level with myelopathy
M50.10 Cervical disc disorder with radiculopathy, unspecified cervical region
M50.122 - Cervical disc disorder at C5-Cé and/or C6-C7 level with radiculopathy
M50.123

M50.20 Other cervical disc displacement, unspecified cervical region

M50.22 Other cervical disc displacement, mid-cervical region

M50.221 - . o

M50.223 Other cervical disc displacement at C4-C5, C5-C6, and/or C6-C7 level
M50.30 Other cervical disc degeneration, unspecified cervical region

M50.322 - . : .

M50.323 Other cervical disc degeneration at C5-C6 and/or C6-C7 level

M50.82 - M50.83

Other specified dorsopathies, cervical or cervicothoracic region

M54.12 Radiculopathy, cervical region
Q04.4 - Q04.9 Specified other congenital malformations of brain
Q05.5-Q05.9 Spina bifida without hydrocephalus
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Q06.1 Hypoplasia and dysplasia of spinal cord

Q06.3 Other congenital cauda equina malformations

Q06.8 - Q06.9 Other specified and unspecified congenital malformations of spinal cord
Q28.0 Arteriovenous malformation of precerebral vessels

Q28.2 Arteriovenous malformation of cerebral vessels

Q28.3 Other malformations of cerebral vessels

Q67.5 Congenital deformity of spine

Q76.3 Congenital scoliosis due to congenital bony malformation

8;23]; ) Congenital kyphosis

Q76.49 Other congenital malformations of spine, not associated with scoliosis
21 j:;:():? i Injuries of nerves and spinal cord at neck level

ggj;:{lé i Injury of nerves and spinal cord at thorax level

S34.111A - Injury of lumbar and sacral spinal cord and nerves at abdomen, lower back and
S34.2xxS pelvis level

CPT/HCPCS codes not considered medically necessary or considered experimental or

investigational:

Code Description

51784 Electromyography studies (EMG) of anal or urethral sphincter, other than needle,
any technique

51785 Needle electromyography studies (EMG) of anal or urethral sphincter, any
technique

95860 Needle electromyography; 1 extremity with or without related paraspinal areas

95861 Needle measurement and recording of electrical activity of muscles of arms or
legs

95863 Needle electromyography; 3 extremities with or without related paraspinal areas

95864 Needle electromyography; 4 extremities with or without related paraspinal areas

95869 Needle electromyography; thoracic paraspinal muscles (excluding T1 or T12)

14



95870 (axial) muscles (unilateral or bilateral), other than thoracic paraspinal, cranial

Needle electromyography; limited study of muscles in 1 extremity or non-limb

nerve supplied muscles, or sphincters

95928 Central motor evoked potential study (transcranial motor stimulation); upper
limbs

95929 Central motor evoked potential study (transcranial motor stimulation); lower
limbs

Visual evoked potential (VEP) testing central nervous system, checkerboard or

95930 flash [when billed for intraoperative neuromonitoring]
Central motor evoked potential study (transcranial motor stimulation); in upper

95939 .
and lower limbs

0333T Visual evoked potential, screening of visual acuity, automated [when billed for
intraoperative neuromonitoring]

S3900 Surface electromyography (EMG)

References
1. Agarwal, N., Shabani, S., Huang, J., Ben-Natan, A. R., & Mummaneni, P. V. (2022). Intraoperative

10.

11.

Monitoring for Spinal Surgery. Neurologic clinics, 40(2), 269-281.
https://doi.org/10.1016/j.ncl.2021.11.006

Ajiboye RM, D'oro A, Ashana AO, et al. Routine Use of Intraoperative Neuromonitoring During
ACDFs for the Treatment of Spondylotic Myelopathy and Radiculopathy Is Questionable: A
Review of 15,395 Cases. Spine. 2017;42(1):14-19.

Alzhrani F, Lenarz T, Teschner M. Facial palsy following cochlear implantation. Eur Arch
Otorhinolaryngol. 2016;273(12):4199-4207.

American Academy of Audiology. Intraoperative neurophysiological monitoring. Scope of
Practice. Reston, VA: American Academy of Audiology; updated January 2004.

American Academy of Otolaryngology - Head and Neck Surgery (AAO-HNS). Facial nerve
monitoring. Position Statements. Alexandria, VA: AAO-HNS; submitted September 12, 1998.
Available at: http://www.entlink.net/practice/rules/facial_nerve_monitoring.cfm.

American Association of Neuromuscular & Electrodiagnostic Medicine. (n.d.). Somatosensory
Evoked Potentials: Clinical Uses. Retrieved February, 17, 2021 from
https://www.aanem.org/Practice/Guidelines/Somatosensory-Evoked-Potentials-Clinical-Uses
Bajwa ZH, Ho CC, Khan SA. Trigeminal neuralgia. UpToDate Inc., Waltham, MA. Last reviewed
December 2017.

Barczynski M, Konturek A, Cichon S. Randomized clinical trial of visualization versus
neuromonitoring of recurrent laryngeal nerves during thyroidectomy. Br J Surg.
2009;96(3):240-246.

Beatty RM, McGuire P, Moroney JM, Holladay FP. Continuous intraoperative electromyographic
recording during spinal surgery. J Neurosurg. 1995;82(3):401-405.

Bejjani GK, Nora PC, Vera PL, et al. The predictive value of intraoperative somatosensory evoked
potential monitoring: Review of 244 procedures. Neurosurgery. 1998;43(3):491-500.

Beldi G, Kinsbergen T, Schlumpf R. Evaluation of intraoperative recurrent nerve monitoring in
thyroid surgery. World J Surg. 2004, 28(6):589-591.

15



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Bernhardt G, Awiszus F, Meister U, et al. The effect of intraoperative screw monitoring (root
monitoring) with the INS-1 System (NUVASIVE) on the radiological outcome of dorsal
instrumentation of the lumbar spine. Z Orthop Unfall. 2016;154(3):269-274.

Brauckhoff M, Gimm O, Thanh PN, et al. First experiences in intraoperative neurostimulation of
the recurrent laryngeal nerve during thyroid surgery of children and adolescents. J Pediatr Surg.
2002;37(10):1414-1418.

Brennan J, Moore EJ, Shuler KJ. Prospective analysis of the efficacy of continuous intraoperative
nerve monitoring during thyroidectomy, parathyroidectomy, and parotidectomy. Otolaryngol
Head Neck Surg. 2001;124(5):537-543.

Brock S, Scaioli V, Ferroli P, Broggi G. Neurovascular decompression in trigeminal neuralgia: Role
of intraoperative neurophysiological monitoring in the learning period. Stereotact Funct
Neurosurg. 2004,;82(5-6):199-206.

Brown MJ. Anesthesia for elective spine surgery in adults. UpToDate.com. Last Update: Jan 12,
2022. Retrieved from:
https://www.uptodate.com/contents/anesthesia-for-elective-spine-surgery-in-adults?search=anes
thesia%20for%20elective%20spine%20surgery%20in%20adults&source=search_result&selected
Title=1~150&usage_type=default&display_rank=1

Buhl, L. K., Bastos, A. B., Pollard, R. J., Arle, J. E., Thomas, G. P, Song, Y., & Boone, M. D.
(2021). Neurophysiologic Intraoperative Monitoring for Spine Surgery: A Practical Guide From
Past to Present. Journal of intensive care medicine, 36(11), 1237-1249.
https://doi.org/10.1177/0885066620962453

Cavicchi O, Caliceti U, Fernandez |J, et al. The value of neurostimulation and intraoperative
nerve monitoring of inferior laryngeal nerve in thyroid surgery. Otolaryngol Head Neck Surg.
2009,140(6):866-870.

Chiang FY, Lu IC, Kuo WR, et al. The mechanism of recurrent laryngeal nerve injury during
thyroid surgery--the application of intraoperative neuromonitoring. Surgery.
2008;143(6):743-749.

Cole T, Veeravagu A, Zhang M, Li A, Ratliff JK. Intraoperative neuromonitoring in single-level
spinal procedures: a retrospective propensity score-matched analysis in a national longitudinal
database. Spine. 2014;39(23):1950-9.

Dackiw AP, Rotstein LE, Clark OH. Computer-assisted evoked electromyography with stimulating
surgical instruments for recurrent/external laryngeal nerve identification and preservation in
thyroid and parathyroid operation. Surgery. 2002;132(6):1100-1106; discussion 1107-1108.

de Blas G, Barrios C, Regidor |, et al. Safe pedicle screw placement in thoracic scoliotic curves
using t-EMG: Stimulation threshold variability at concavity and convexity in apex segments.
Spine (Phila Pa 1976). 2012;37(6):E387-E395.

Di Martino E, Sellhaus B, Haensel J, et al. Fallopian canal dehiscences: A survey of clinical and
anatomical findings. Eur Arch Otorhinolaryngol. 2005;262(2):120-126.

Dimov RS, Doikov IJ, Mitov FS, et al. Intraoperative identification of recurrent laryngeal nerves in
thyroid surgery by electrical stimulation. Folia Med (Plovdiv). 2001;43(4):10-13.

Dionigi G, Donatini G, Boni L, et al. Continuous monitoring of the recurrent laryngeal nerve in
thyroid surgery: A critical appraisal. Int J Surg. 2013;11 Suppl 1:544-S46.

Djohan RS, Rodriguez HE, Connolly MM, et al. Intraoperative monitoring of recurrent laryngeal
nerve function. Am Surg. 2000;66(6):595-597.

Dulguerov P, Marchal F, Lehmann W. Postparotidectomy facial nerve paralysis: Possible etiologic
factors and results with routine facial nerve monitoring. Laryngoscope. 1999;109(5):754-762.

16



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Erickson L, Costa V, and McGregor M. Use of intraoperative neurophysiological monitoring
during spinal surgery. McGill University Health Center. Report Number 20, July 7, 2005.
Available at: http://upload.mcgill.ca/tau/SPINAL_MONITORING_Final.pdf

Erickson L, Costa V, McGregor M. Intraoperative neurophysiological monitoring during spinal
surgery. Montreal, QC: Technology Assessment Unit of the McGill University Health Centre
(MUHC); 2005:1-39.

Fabregas N, Gomar C. Monitoring in neuroanaesthesia: Update of clinical usefulness. Eur J
Anaesthesiol. 2001;18(7):423-439.

Fayad JN, Wanna GB, Micheletto JN, Parisier SC. Facial nerve paralysis following cochlear
implant surgery. Laryngoscope. 2003;113(8):1344-6.

Fehlings MG, Brodke DS, Norvell DC, Dettori JR. The evidence for intraoperative
neurophysiological monitoring in spine surgery: Does it make a difference? Spine. 2010;35(9
Suppl):S37-S46.

Finkelstein JA. Can triggered electromyograph thresholds predict safe thoracic pedicle screw
placement. Spine. 2003;28(9):960.

Glassman SD, Dimar JR, Puno RM, et al. A prospective analysis of intraoperative
electromyographic monitoring of pedicle screw placement with computed tomographic scan
confirmation. Spine (Phila Pa 1976). 1995;20:1375-1379.

Grabb PA, Albright AL, Sclabassi RJ, Pollack IF. Continuous intraoperative electromyographic
monitoring of cranial nerves during resection of fourth ventricular tumors in children. Neurosurg.
1997,86(1):1-4.

Grade M, Beham AW, Schiiler P, Kneist W, Ghadimi BM. Pelvic intraoperative neuromonitoring
during robotic-assisted low anterior resection for rectal cancer. J Robot Surg. 2016;10(2):157-60.
Grosheva M, Klussmann JP, Grimminger C, et al. Electromyographic facial nerve monitoring
during parotidectomy for benign lesions does not improve the outcome of postoperative facial
nerve function: A prospective two-center trial. Laryngoscope. 2009;119(12):2299-2305.

Grover HJ, Thornton R, Lutchman LN, Blake JC. Using Transcranial Magnetic Stimulation to
Evaluate the Motor Pathways After an Intraoperative Spinal Cord Injury and to Predict the
Recovery of Intraoperative Transcranial Electrical Motor Evoked Potentials: A Case Report. J Clin
Neurophysiol. 2016;33(3):e8-e11.

Gunnarsson T, Krassioukov AV, Sarjeant R, Fehlings MG. Real-time continuous intraoperative
electromyographic and somatosensory evoked potential recordings in spinal surgery: Correlation
of clinical and electrophysiologic findings in a prospective, consecutive series of 213 cases.
Spine. 2004;29(6):677-684.

Harner SG, Daube JR, Ebersold MJ, Beatty CW. Improved preservation of facial nerve function
with use of electrical monitoring during removal of acoustic neuromas. Mayo Clin Proc.
1987,62(2):92-102.

Harper C. Intraoperative cranial nerve monitoring. Muscle Nerve. 2004;29(3):339-351.

Harper CM, Daube JR. Facial nerve electromyography and other cranial nerve monitoring. J Clin
Neurophysiol. 1998;15(3):206-216.

Harrison BJ, Triponez F. Intraoperative adjuncts in surgery for primary hyperparathyroidism.
Langenbecks Arch Surg. 2009;394(5):799-809.

Hausmann ON, Boni T, Pfirrmann CW, et al. Preoperative radiological and electrophysiological
evaluation in 100 adolescent idiopathic scoliosis patients. Eur Spine J. 2003;12(5):501-506.
Hayashi H, Kawaguchi M. Intraoperative monitoring of flash visual evoked potential under
general anesthesia. Korean J Anesthesiol. 2017;70(2):127-135.

17



46.

47.

48.

49.

50.
51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Hemmerling TM, Schmidt J, Bosert C, et al. Intraoperative monitoring of the recurrent laryngeal
nerve in 151 consecutive patients undergoing thyroid surgery. Anesth Analg.
2001;93(2):396-399.

Hermann M, Hellebart C, Freissmuth M. Neuromonitoring in thyroid surgery: Prospective
evaluation of intraoperative electrophysiological responses for the prediction of recurrent
laryngeal nerve injury. Ann Surg. 2004;240(1):9-17.

Hillermann CL, Tarpey J, Phillips DE. Laryngeal nerve identification during thyroid surgery --
feasibility of a novel approach. Can J Anaesth. 2003;50(2):189-192.

Holland NR. Intraoperative electromyography during thoracolumbar spinal surgery. Spine.
1998;23(17):1915-1922.

Holland NR. Intraoperative electromyography. J Clin Neurophysiol. 2002;19(5):444-453.

Horn D, Rotzscher VM. Intraoperative electromyogram monitoring of the recurrent laryngeal
nerve: Experience with an intralaryngeal surface electrode. A method to reduce the risk of
recurrent laryngeal nerve injury during thyroid surgery. Langenbecks Arch Surg.
1999,384(4):392-395.

Hsieh HS, Wu CM, Zhuo MY, Yang CH, Hwang CF. Intraoperative facial nerve monitoring during
cochlear implant surgery: an observational study. Medicine (Baltimore). 2015;94(4):e456.

Hsu GS. Improving hearing in stapedectomy with intraoperative auditory brainstem response.
Oto Head Neck Surg. 2011 Jan;(144)1):60-3

Sobottka SB, Schackert G, May SA, Wiegleb M, Reiss G. Intraoperative facial nerve monitoring
(IFNM) predicts facial nerve outcome after resection of vestibular schwannoma. Acta Neurochir
(Wien). 1998;140(3):235-42.

Hu J, Fleck TR, Xu J, et al. Contemporary changes with the use of facial nerve monitoring in
chronic ear surgery. Otolaryngol Head Neck Surg. 2014;151(3):473-477.

Huang BR, Chang CN, Hsu JC. Intraoperative electrophysiological monitoring in microvascular
decompression for hemifacial spasm. J Clin Neurosci. 2009;16(2):209-213.

Hussain NS. Analysis of 1014 consecutive operative cases to determine the utility of
intraoperative neurophysiological data. Asian J Neurosurg. 2015;10(3):166-172.

lbrahim T, Mrowczynski O, Zalatimo O, et al. The Impact of Neurophysiological Intraoperative
Monitoring during Spinal Cord and Spine Surgery: A Critical Analysis of 121 Cases. Cureus.
2017;9(11):e1861. Published 2017 Nov 19. doi:10.7759/cureus.1861

Ingelmo |, Trapero JG, Puig A, et al. Intraoperative monitoring of the facial nerve: Anesthesia
and neurophysiology considerations. Rev Esp Anestesiol Reanim. 2003;50(9):460-471.
NCT02446808: Intraoperative Nerve Monitoring During Robot-assisted Laparoscopic
Prostatectomy. Accessed December 9, 2017. https://clinicaltrials.gov/ct2/show/NCT02446808
Jiang L, MaY, Jiao Y. Decompression and monitor of facial nerve during cholesteatoma surgery
in petrous part of temporal bone. Lin Chuang Er Bi Yan Hou Ke Za Zhi. 2006;20(16):741-743.
Jimenez JC, Sani S, Braverman B, et al. Palsies of the fifth cervical nerve root after cervical
decompression: Prevention using continuous intraoperative electromyography monitoring. J
Neurosurg Spine. 2005;3(2):92-97.

Jonas J, Bahr R. Neuromonitoring of the external branch of the superior laryngeal nerve during
thyroid surgery. Am J Surg. 2000;179(3):234-236.

Kaliya-Perumal AK, Charng JR, Niu CC, et al. Intraoperative electromyographic monitoring to
optimize safe lumbar pedicle screw placement - a retrospective analysis. BMC Musculoskelet
Disord. 2017;18(1):229.

Kauff DW, Kronfeld K, Gorbulev S, Wachtlin D, Lang H, Kneist W. Continuous intraoperative
monitoring of pelvic autonomic nerves during TME to prevent urogenital and anorectal

18



66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

dysfunction in rectal cancer patients (NEUROS): a randomized controlled trial. BMC Cancer.
2016;16:323.

Kiviniemi H, Vornanen T, Makela J. Prevention of complications of thyroid and parathyroid
surgery. Duodecim. 2010;126(3):269-275.

Koht A, Sloan TB, Hemmer LB. Neuromonitoring in surgery and anesthesia. UpToDate.com. Last
Updated Oct 21, 2022. Retrieved from:
https://www.uptodate.com/contents/neuromonitoring-in-surgery-and-anesthesia?search=Neuro
monitoring%20in%20surgery%20and%20anesthesia&source=search_result&selectedTitle=1~150
&usage_type=default&display_rank=1

Kombos T, Suess O, Kern BC, et al. Can continuous intraoperative facial electromyography
predict facial nerve function following cerebellopontine angle surgery? Neurol Med Chir (Tokyo).
2000;40(10):501-505; discussion 506-507.

Krassioukov AV, Sarjeant R, Arkia H, Fehlings MG. Multimodality intraoperative monitoring
during complex lumbosacral procedures: Indications, techniques, and long-term follow-up
review of 61 consecutive cases. J Neurosurg Spine. 2004;1(3):243-253.

Kundnani VK, Zhu L, Tak H, Wong H. Multimodal intraoperative neuromonitoring in corrective
surgery for adolescent idiopathic scoliosis: Evaluation of 354 consecutive cases. Indian J Orthop.
2010:44(1):64-72.

Kwartler JA, Luxford WM, Atkins J, Shelton C. Facial nerve monitoring in acoustic tumor surgery.
Otolaryngol Head Neck Surg. 1991;104(6):814-817.

Lee CH, Kim HW, Kim HR, et al. Can triggered electromyography thresholds assure accurate
pedicle screw placements? A systematic review and meta-analysis of diagnostic test accuracy.
Clin Neurophysiol. 2015;126(10):2019-2025.

Lefaucheur JP, Neves DO, Vial C. Electrophysiological monitoring of cranial motor nerves (V, VII,
IX, X, XI, XIl). Neurochirurgie. 2009;55(2):136-141.

Legatt AD, Schroeder CE, Gill B, Goodrich JT. Electrical stimulation and multichannel EMG
recording for identification of functional neural tissue during cauda equina surgery. Childs Nerv
Syst. 1992;8(4):185-189.

Legatt AD, Emerson RG, Epstein CM. ACNS Guideline: Transcranial Electrical Stimulation Motor
Evoked Potential Monitoring. Journal of Clinical Neurophysiology. 2016; 33(1): 42-50.
https://www.acns.org/UserFiles/file/ACNS_Guideline___Transcranial_Electrical.9_v1.pdf

Leonetti JP, Matz GJ, Smith PG, Beck DL. Facial nerve monitoring in otologic surgery: Clinical
indications and intraoperative technique. Ann Otol Rhinol Laryngol. 1990;99(11):911-918.
Limbrick DD Jr, Wright NM. Verification of nerve root decompression during minimally-invasive
lumbar microdiskectomy: A practical application of surgeon-driven evoked EMG. Minim Invasive
Neurosurg. 2005;48(5):273-277.

Lopez JR. Neurophysiologic intraoperative monitoring of the oculomotor, trochlear, and
abducens nerves. J Clin Neurophysiol. 2011;28(6):543-50.

Lopez JR. The use of evoked potentials in intraoperative neurophysiologic monitoring. Phys Med
Rehabil Clin N Am. 2004;15(1):63-84.

Luo Y, Regli L, Bozinov O, Sarnthein J. Clinical utility and limitations of intraoperative monitoring
of visual evoked potentials. PLoS ONE. 2015;10(3):e0120525.

Maguire J, Wallace S, Madiga R, et al. Evaluation of intrapedicular screw position using
intraoperative evoked electromyography. Spine. 1995;20(9):1068-1074.

Mammis A, Mogilner AY. The use of intraoperative electrophysiology for the placement of spinal
cord stimulator paddle leads under general anesthesia. Neurosurgery. 2012;70(2 Suppl
Operative):230-236.

19



83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Marcus B, Edwards B, Yoo S, et al. Recurrent laryngeal nerve monitoring in thyroid and
parathyroid surgery: The University of Michigan experience. Laryngoscope. 2003;113(2):356-361.
Marusch F, Hussock J, Haring G, et al. Influence of muscle relaxation on neuromonitoring of the
recurrent laryngeal nerve during thyroid surgery. Br J Anaesth. 2005;94(5):596-600.
Metwali H, Kniese K, Fahlbusch R. Intraoperative monitoring of the integrity of the anterior visual
pathways: a methodological review and meta-analysis. World Neurosurg. 2017;
Mikula AL, Williams SK, Anderson PA. The use of intraoperative triggered electromyography to
detect misplaced pedicle screws: A systematic review and meta-analysis. J Neurosurg Spine.
2016;24(4):624-638.
Minahan RE, Mandir AS. Neurophysiologic intraoperative monitoring of trigeminal and facial
nerves. J Clin Neurophysiol. 2011;28(6):551-565.
National Institute for Health and Clinical Excellence (NICE). Intraoperative nerve monitoring
during thyroid surgery. Interventional Procedure Guidance 255. London, UK: NICE; March 2008.
Available at: http://www.nice.org.uk/nicemedia/pdf/IPG255Guidance.pdf.
Neff BA, Ting J, Dickinson SL, Welling DB. Facial nerve monitoring parameters as a predictor of
postoperative facial nerve outcomes after vestibular schwannoma resection. Otol Neurotol.
2005;26(4):728-732.
Nuwer, M. R., Husain, A. M., & Soto, F. (2022). Overview of intraoperative neuromonitoring.
Handbook of clinical neurology, 186, 3-9. https://doi.org/10.1016/B978-0-12-819826-1.00011-9
Assessment: Intraoperative neurophysiology. Report of the Therapeutics and Technology
Assessment Subcommittee of the American Academy of Neurology. Neurology.
1990;40(11):1644-1646.
Intraoperative monitoring of the facial nerve - evoked potentials. Tech Brief. Chicago, IL:
American Medical Association; March 1994.
Norcross-Nechay K, Mathew T, Simmons JW, et al. Intraoperative somatosensory evoked
potential findings in acute and chronic spinal canal compromise. Spine. 1999;24(10):1029-1033.
Nuwer MR, Emerson RG, Galloway G, et al. Evidence-based guideline update: Intraoperative
spinal monitoring with somatosensory and transcranial electrical motor evoked potentials: Report
of the Therapeutics and Technology Assessment Subcommittee of the American Academy of
Neurology and the American Clinical Neurophysiology Society. Neurology 2012;78;585-589.
Olds MJ, Rowan PT, Isaacson JE, Silverstein H. Facial nerve monitoring among graduates of the
Ear Research Foundation. Am J Otol. 1997;18(4):507-511.
Ota T, Kawai K, Kamada K, Kin T, Saito N. Intraoperative monitoring of cortically recorded visual
response for posterior visual pathway. J Neurosurg. 2010;112(2):285-%94.
Otto RA, Cochran CS. Sensitivity and specificity of intraoperative recurrent laryngeal nerve
stimulation in predicting postoperative nerve paralysis. Ann Otol Rhinol Laryngol.
2002;111(11):1005-1007.
Ovadia D, Korn A, Fishkin M, et al. The contribution of an electronic conductivity device to the
safety of pedicle screw insertion in scoliosis surgery. Spine (Phila Pa 1976).
2011;36:E1314-E1321.
Owen JH, Kostuik JP, Gornet M, et al. The use of mechanically elicited electromyograms to
protect nerve roots during surgery for spinal degeneration. Spine. 1994;19(15):1704-1710.

Paradiso G, Lee GY, Sarjeant R, et al. Multimodality intraoperative neurophysiologic
monitoring findings during surgery for adult tethered cord syndrome: Analysis of a series of 44
patients with long-term follow-up. Spine. 2006;31(18):2095-2102.

Prell J, Strauss C, Plontke SK, Rampp S. Intraoperative monitoring of the facial nerve :
Vestibular schwannoma surgery. HNO. 2017;65(5):404-412.

20



102.  Raynor BL, Lenke LG, Kim Y, et al. Can triggered electromyograph thresholds predict safe
thoracic pedicle screw placement? Spine. 2002;27(18):2030-2035.

103. Raynor BL, Padberg AM, Lenke LG, et al. Failure of intraoperative monitoring to detect
postoperative neurologic deficits: A 25-year experience in 12,375 spinal surgeries. Spine (Phila
Pa 1976). 2016;41(17):1387-1393.

104.  Reidy DP, Houlden D, Nolan PC, et al. Evaluation of electromyographic monitoring during
insertion of thoracic pedicle screws. J Bone Joint Surg Br. 2001;83(7):1009-1014.

105.  Resnick D, Choudhri T, Dailey A et al. Guidelines for the performance of fusion procedures
for degenerative disease of the lumbar spine. Part 15: Electrophysiological monitoring and
lumbar fusion. J Neurosurg Spine. 2005;2(6):725-732.

106.  Robertson ML, Steward DL, Gluckman JL, and Welge J. Continuous laryngeal nerve integrity
monitoring during thyroidectomy: Does it reduce risk or injury? Otolaryngol Head Neck Surg.
2004;131(5):596-600.

107.  Roland PS, Meyerhoff WL. Intraoperative electrophysiological monitoring of the facial nerve:
Is it standard of practice? Am J Otolaryngol. 1994;15(4):267-270.

108.  Roland PS. Monitors, facial nerve. eMedicine Otolaryngology. Omaha, NE: eMedicine.com;
updated May 6, 2003. Available at: http://www.emedicine.com/ent/topic447 .htm.

109.  Romaniszyn M, Walega P, Nowakowski M, Nowak W. Can surface electromyography improve
surgery planning? Electromyographic assessment and intraoperative verification of the nerve
bundle entry point location of the gracilis muscle. J Electromyogr Kinesiol. 2016;28:1-6.

110.  Sasaki T. Intraoperative monitoring of visual evoked potential: introduction of a clinically
useful method. J Neurosurg. 2010 Feb;112(2):273-84. doi:10.3171/2008.9.JNS08451.

111, Scherl SA. Treatment and prognosis of adolescent idiopathic scoliosis. Last reviewed
December 2017. UpToDate Inc. Waltham, MA.

112. Schlake HP, Goldbrunner R, Siebert M, Behr R, Roosen K. Intra-Operative electromyographic
monitoring of extra-ocular motor nerves (Nn. Ill, VI) in skull base surgery. Acta Neurochir (Wien).
2001;143(3):251-61.

113.  Schlake HP, Goldbrunner RH, Milewski C, et al. Intra-operative electromyographic
monitoring of the lower cranial motor nerves (LCN IX-XIl) in skull base surgery. Clin Neurol
Neurosurg. 2001;103(2):72-82.

114. Sekiya T, Hatayama T, Iwabuchi T, Maeda S. Intraoperative recordings of evoked extraocular
muscle activities to monitor ocular motor nerve function. Neurosurgery. 1993;32(2):227-35.

115.  Selesnick SH, Lynn-Macrae AG. The incidence of facial nerve dehiscence at surgery for
cholesteatoma. Otol Neurotol. 2001;22(2):129-132.

116. Selesnick SH, Victor JD, Tikoo RK, Eisenman DJ. Predictive value of intraoperative brainstem
auditory evoked responses in surgery for conductive hearing losses. Am J Otol. 1997;18(1):2-9.

117.  Shan XF, Lin B, Lu XG, et al. Electromyographic monitoring of facial nerve during parotid
surgery. Beijing Da Xue Xue Bao. 2014;46(1):48-52.

118.  Sheshadri V, Bharadwaj S, Chandramouli BA. Intra-operative electrooculographic monitoring
to prevent post-operative extraocular motor nerve dysfunction during skull base surgeries. Indian
J Anaesth. 2016;60(8):560-5.

119. Shils JL, Arle JE. Intraoperative neurophysiologic methods for spinal cord stimulator
placement under general anesthesia. Neuromodulation. 2012;15(6):560-571; discussion 571-572.

120.  Shkarubo AN, Chernov IV, Ogurtsova AA, et al. Neurophysiological Identification of Cranial
Nerves During Endoscopic Endonasal Surgery of Skull Base Tumors: Pilot Study Technical
Report. World Neurosurg. 2017;98:230-238.

21



121.  Siebenrock KA, Résler KM, Gonzalez E, Ganz R. Intraoperative electromyography of the
superior gluteal nerve during lateral approach to the hip for arthroplasty: a prospective study of
12 patients. J Arthroplasty. 2000;15(7):867-70.

122.  Sitthinamsuwan B, Chanvanitkulchai K, Phonwijit L, et al. Utilization of intraoperative
electromyography for selecting targeted fascicles and determining the degree of fascicular
resection in selective tibial neurotomy for ankle spasticity. Acta Neurochir (Wien).
2013;155(6):1143-1149.

123.  Skaggs DL, Choi PD, Rice C, et al. Efficacy of intraoperative neurologic monitoring in surgery
involving a vertical expandable prosthetic titanium rib for early-onset spinal deformity. J Bone
Joint Surg Am. 2009;91(7):1657-1663.

124.  Slimp JC. Electrophysiologic intraoperative monitoring for spine procedures. Phys Med
Rehabil Clin N Am. 2004;15(1):85-105.

125.  Smith PN, Balzer JR, Khan MH, et al. Intraoperative somatosensory evoked potential
monitoring during anterior cervical discectomy and fusion in nonmyelopathic patients--a review
of 1,039 cases. Spine J. 2007;7(1):83-7.

126.  Spitz S, Felbaum D, Aghdam N, Sandhu F. Delayed postoperative C5 root palsy and the use
of neurophysiologic monitoring. Eur Spine J. 2015;24(12):2866-2871.

127.  Swanson BT, Holst B, Infante J, Poenitzsch J, Ortiz A. EMG activity of selected rotator cuff
musculature during grade lll distraction and posterior glide glenohumeral mobilization: results of
a pilot trial comparing painful and non-painful shoulders. J Man Manip Ther. 2016;24(1):7-13.

128.  Terrell JE, Kileny PR, Yian C, et al. Clinical outcome of continuous facial nerve monitoring
during primary parotidectomy. Arch Otolaryngol Head Neck Surg. 1997;123(10):1081-1087.

129.  Thirumala PD, Mohanraj SK, Habeych M, et al. Value of free-run electromyographic
monitoring of lower cranial nerves in endoscopic endonasal approach to skull base surgeries. J
Neurol Surg B Skull Base. 2012;73(4):236-44.

130.  Thirumala PD, Muralidharan A, Loke YK, et al. Value of intraoperative neurophysiological
monitoring to reduce neurological complications in patients undergoing anterior cervical spine
procedures for cervical spondylotic myelopathy. J Clin Neurosci. 2016;25:27-35.

131.  Thom JJ, Carlson ML, Olson MD, et al. The prevalence and clinical course of facial nerve
paresis following cochlear implant surgery. Laryngoscope. 2013;123(4):1000-4.

132.  Thomusch O, Sekulla C, Walls G, et al. Intra-operative neuromonitoring of surgery for benign
goiter. Am J Surg. 2002;183(6):673-678.

133.  Timon Cl, Rafferty M. Nerve monitoring in thyroid surgery: Is it worthwhile? Clin Otolaryngol.
1999,24(6):487-490.

134.  Tomoda C, Hirokawa Y, Uruno T, et al. Sensitivity and specificity of intraoperative recurrent
laryngeal nerve stimulation test for predicting vocal cord palsy after thyroid surgery. World J
Surg. 2006;30(7):1230-1233.

135.  Tschopp KP, Gottardo C. Comparison of various methods of electromyographic monitoring
of the recurrent laryngeal nerve in thyroid surgery. Ann Otol Rhinol Laryngol.
2002;111(9):811-816.

136.  Vial Ch, Bouhour F. Electrophysiological examination of the cranial nerves: Technical aspects
and practical applications. Rev Med Liege. 2004;59 Suppl 1:82-90.

137.  Weiss DS. Spinal cord and nerve root monitoring during surgical treatment of lumbar
stenosis. Clin Orthop Relat Res. 2001;(384):82-100.

138.  Witt RL. Facial nerve monitoring in parotid surgery: The standard of care? Otolaryngol Head
Neck Surg. 1998;119(5):468-470.

22



139.  Silverstein J, Mermelstein L, DeWal H, Basra S. Saphenous nerve somatosensory evoked
potentials: A novel technique to monitor the femoral nerve during transpsoas lumbar lateral
interbody fusion. Spine (Phila Pa 1976). 2014;39(15):1254-1260.

140.  Kneist, W. et al. Is intraoperative neuromonitoring associated with better functional outcome
in patients undergoing open TME? European Journal of Surgical Oncology, Volume 39, Issue 9,
994 - 999.

141.  Jellish WS, Jensen RL, Anderson DE, Shea JF. Intraoperative electromyographic assessment
of recurrent laryngeal nerve stress and pharyngeal injury during anterior cervical spine surgery
with Caspar instrumentation. J Neurosurg. 1999;91(2 Suppl):‘l70—4.

142.  Chen CC, Huang YC, Lee ST, Chen JF, Wu CT, Tu PH. Long-term result of vocal cord
paralysis after anterior cervical disectomy. Eur Spine J. 2014;23(3):622-6.

143.  Dimopoulos VG, Chung |, Lee GP, et al. Quantitative estimation of the recurrent laryngeal
nerve irritation by employing spontaneous intraoperative electromyographic monitoring during
anterior cervical discectomy and fusion. J Spinal Disord Tech. 2009;22(1):1-7.

144.  Macdonald DB, Skinner S, Shils J, Yingling C; American Society of Neurophysiological
Monitoring. Intraoperative motor evoked potential monitoring - a position statement by the
American Society of Neurophysiological Monitoring. Clin Neurophysiol. 2013;124:2291-2316.

145.  Cofano F, Zenga F, Mammi M, Altieri R, Marengo N, Ajello M, Pacca P, Melcarne A,
Junemann C, Ducati A, Garbossa D. Intraoperative neurophysiological monitoring during spinal
surgery: technical review in open and minimally invasive approaches. Neurosurg Rev. 2018 Jan 8.
doi: 10.1007/s10143-017-0939-4. [Epub ahead of print]

146. Daniel JW, Botelho RV, Milano JB, Dantas FR, Onishi FJ, Neto ER, Bertolini EF,Borgheresi
MAD, Joaquim AF. Intraoperative Neurophysiological Monitoring in Spine Surgery: A Systematic
Review and Meta-Analysis. Spine (Phila Pa 1976). 2018;43:1154-1160.

147. Pastorelli F, Di Silvestre M, Plasmati R, Michelucci R, Greggi T, Morigi A, Bacchin MR,
Bonarelli S, Cioni A, Vommaro F, Fini N, Lolli F, Parisini P. The prevention of neural complications
in the surgical treatment of scoliosis: the role of the neurophysiological intraoperative
monitoring. Eur Spine J. 2011;20 Suppl 1:5105-114.

148. Heman-Ackah, SE, Gupta S, Lalwani AK. Is facial nerve integrity monitoring of value in
chronic ear surgery? The Laryngoscope. 2012:2-3. Doi:10.1002/lary.23363

149. Hu, J, Fleck TR, Xu J, et al. Contemporary changes with the use of facial nerve monitoring in
chronic ear surgery. Otolaryngology--Head and Neck Surgery. 2014,151(3): 473-477.
Doi:10.1177/0194599814537223

150.  American Academy of Otolaryngology - Head and Neck Surgery (AAO-HNS). Position
Statement: Intraoperative Nerve Monitoring in Otologic Surgery. Alexandria, VA: AAO-HNS;
adopted March 12, 2017. Available at: https://www.entnet.org/intraoperative-nerve-monitoring.
Accessed March 5, 2018.

151. Wilson L, Lin E, Lalwani A. Cost-effectiveness of intraoperative facial nerve monitoring in
middle ear or mastoid surgery. The Laryngoscope. 2003;113(10):1736-1745.

152.  Guideline 11 C: RECOMMENDED STANDARDS FOR INTRAOPERATIVE MONITORING OF
AUDITORY EVOKED POTENTIALS. Acns.org.
https://www.acns.org/pdf/quidelines/Guideline-11C.pdf Published Oct, 2009.

153.  Guideline 11A: RECOMMENDED STANDARDS FOR NEUROPHYSIOLOGIC
INTRAOPERATIVE MONITORING - PRINCIPLES. Acns.org.
https://www.acns.org/pdf/guidelines/Guideline-11A.pdf Published Oct, 2009.

154.  Sinha SR, Sullivan LR,Sabauet D, et al. American Clinical Neurophysiology Society Guideline
1: Minimum technical requirements for performing clinical electroencephalography. The
Neurodiagnostic Journal. 2016, 56(4): 235-244.

23


https://www.acns.org/pdf/guidelines/Guideline-11C.pdf
https://www.acns.org/pdf/guidelines/Guideline-11A.pdf

Clinical Guideline Revision / History Information

Original Date: 4/13/2018
Reviewed/Revised: 4/15/2019, 7/21/2020, 04/21/2021, 12/01/2021, 04/25/2022, 05/02/2023

24




