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 Tables

Table 1.  Study question #1: Studies assessing the diagnostic characteristics of unimodal somatosensory evoked potentials (SSEPs) or transcranial electrical motor-evoked potentials (TcMEP).

	Author

(Year)
	Study Design
	Population
	Diagnosis
	Treatment
	Monitoring Method(s)
	Reference

standard
	Intraoperative management
	Results

	Dinner

(1986)21
	Retrospective

cohort
	N = 220

Age range: 13 mos to 77 yrs

Sex: NR
	All spine scoliosis, neoplasm, other maladies 


	Corrective surgery 
	SSEPs

Threshold
Decrease in amplitude of >50% and/or an increase in latency > 2 msec 
	New sensory or motor postoperative deficit
	· Distraction released
	Rate of new neurological deficit: 3.2%

Sensitivity = 43%

Specificity = 98%

PPV = 43%

	Manninen

(1998)22
	Retrospective

cohort
	N = 309

Mean age: 49 yrs

52% male
	All spine scoliosis, fractures, stenosis, tumors


	Surgery with or without instrumentation
	SSEPs

Threshold
Decrease in amplitude of >50% and/or an increase in latency greater than 1 msec of the cortical peak 


	New sensory or motor postoperative deficit
	NR
	Rate of new neurological deficit: 3.1%

Sensitivity = 57%

Specificity = 95%

PPV = 15%

Incidence of SSEP

Thoracic = 18%

Cervical = 1.2%

Lumbar = 5.4%

	Stechison

(1995)24
	Retrospective

cohort
	N = 150

Mean age: NR

Sex: NR
	All spine myelopathy, disc herniations, spondylosis, fractures, tumors
	Anterior, posterior and combined approaches (fusion versus bone graft)
	SSEPs

Threshold
Primary criterion was a latency prolongation of >10% and secondary criterion was a >50% decrease in amplitude  
	New sensory or motor postoperative deficit
	· Halting surgical procedure 

· Releasing spinal distraction

· Elimination of offensive surgical maneuver


	Rate of new neurological deficit: 2.1%

Sensitivity = 100%

Specificity = 90%

PPV = 21%

	Papastefanou

(2000)23
	Retrospective

cohort
	N = 408

Mean age: 21 yrs

Sex: NR
	All spine deformity, trauma, degenerative disease, tumor
	Spinal operations (anterior, posterior and combined approaches)
	SSEPs

Threshold
Decrease in amplitude of > 50% 
	New sensory or motor postoperative deficit 
	· Halting surgical maneuver 

· Wake-up test


	Rate of new neurological deficit: 2.4%

Sensitivity = 100%

Specificity = 85.3%

	Khan

(2006)25
	Retrospective

cohort
	N = 508

Mean age: 56 yrs

53% male
	Cervical myelopathy 


	Anterior cervical fusion with single-level or multilevel corpectomies
	SSEPs

Threshold
Decrease in amplitude of >50% or a >10% prolongation in latency  
	New sensory or motor postoperative deficit
	· Increasing blood pressure

· Retractor repositioning

· Relieving intervertebral disc space distraction

· Bone graft removal

· Instrumentation removal

· Cessation of operation
	Rate of new neurological deficit: 2.4%

Sensitivity = 77.1%

Specificity = 100%

PPV = 100%

NPV = 98.3%


	May

(1996)26
	Retrospective

cohort
	N = 175

Mean age: 46 yrs

55% male
	Cervical trauma, congenital abnormality, spondylosis, tumors, rheumatoid arthritis 
	Anterior, posterior, AP combined, and extreme lateral surgical approaches 
	SSEPs

Threshold
Decrease in amplitude of >50% 


	New sensory or motor postoperative deficit
	· Increase BP

· Reposition patient or instrumentation
	Rate of new neurological deficit: 5.7%

Sensitivity = 99%

Specificity = 27%

PPV = 17%


	Deutsch

(2000)27
	Retrospective

cohort
	N = 44

Mean age: 56 yrs

52% male
	Thoracic fractures, tumors, infections
	Anterior vertebral body resections
	SSEPs

Threshold
Decrease in amplitude of >50% and/or an increase in latency > 3 msec 
	Change in Frankel grade
	· Brief pause during operation
	Rate of new neurological deficit: 9%

Complete recovery to preoperative level: 100%

Sensitivity = 0%

(false negative = 9%)

	Leung 

(2005)28
	Retrospective

cohort
	N = 871

n = 844 normal cord

n = 27 “cord at risk” (CAR)

Mean age: NR

Sex: NR


	Thoracic

idiopathic, congenital, neuromuscular scoliosis and kyphosis


	Anterior release with and without instrumentation
	SSEPs

Threshold
Decrease in amplitude of >50% and/or altered latency  of 10% 


	New sensory or motor
 postoperative deficit
	· Temporary clamping of segmental vessels


	Whole Group

Rate of new neurological deficit: 0.6%

Sensitivity = 100%

Specificity = 97.5%

PPV = 19%

NPV = 100%
“Normal” Cord Group

Rate of new neurological deficit: 0.12%

Sensitivity = 100%

Specificity = 98.4%

PPV = 11.1%

NPV = 100%
“Cord at Risk” (CAR) Group

Rate of new neurological deficit: 14.8%

Sensitivity = 100%

Specificity = 43.4%

PPV = 23.5%

NPV = 100%



	Lang

(1996)
	Retrospective

cohort
	N = 40

Mean age: 45 yrs

Age range 16-83 yrs

53% male
	All spine

Tumor, deformity, fracture, degenerative disease, pseudarthrosis, osteomyeltis, spondylolisthesis


	Various spinal operations
	TcMEPs

Threshold
A >30-40% loss in amplitude 

	New motor postoperative deficit
	· Corrective surgical maneuvers
	Rate of new neurological deficit: 5.0%

Sensitivity = 100%

Specificity = 81%



	Langeloo

(2003)
	Retrospective

cohort
	N = 145

Mean age: 29 yrs

43% male
	All spine

deformity (scoliosis, thoracic kyphosis, deformity caused by ankylosing sponylitis, cervical kyphosis)
	Corrective surgery including, anterior fusion, posterior fusion, lumbar closing wedge osteotomy, cervical osteotomy
	TcMEPs

Threshold
Criteria A: If one of six recordings had >80% decrease in amplitude 

Criteria B:  If two of six recordings had >80% decrease in amplitude 

Criteria C: If one of two anterior tibial muscle recordings had >80% decrease in amplitude 


	New motor postoperative deficit
	· Corrective surgical maneuvers
	Rate of new neurological deficit: 3.4%

Criteria A
Sensitivity = 100%

Specificity = 91%

NPV = 100%

PPV = 61%
Criteria B

Sensitivity = 81%

Specificity = 97%

NPV = 97%

PPV = 76%
Criteria C

Sensitivity = 88%

Specificity = 95%

NPV = 98%

PPV = 70%



SSEPs = somatosensory evoked potentials  

NR = not reported  

MEPs= motor evoked potentials

PPV = positive predictive value

NPV = negative predictive value

AP = anteroposterior
Tc = transcranial
Table 2.  Study question #1: Studies assessing the diagnostic characteristics of multimodal intraoperative monitoring (MIOM) techniques.

	Author

(Year)
	Study Design
	Population
	Diagnosis
	Treatment
	Monitoring Method(s)
	Reference

standard
	Intraoperative Management
	Results

	Accadbled

(2006)31 
	Retrospective
	N = 191

Mean age: 15 yrs

31% male
	Scoliosis 

idiopathic, neuromuscular, miscellaneous origins

	Posterior instrumentation for corrective surgery, anterior release
	SSEPs

 and neurogenic MEPs
Threshold
Decrease in amplitude of >60% and/or increased latency >10% defined as significant warning criteria for both SSEPs and MEPs


	Clinical neurological exam
	· Wake-up test

· Instrumentation removal

· Reposition patient

· Administering hypertensive agents


	Rate of new neurological deficit could not be calculated

Sensitivity = 100%

Specificity = 52.7%

PPV = 5.4%

NPV = 100%

	Eggspuehler I
(2007)40
	Prospective
	N = 246

Mean age: 58 yrs

54% male
	Cervical

congenital, degenerative, disc herniation, fractures, rheumatoid arthritis

	Decompression, fusion, laminoplasty
	 Spinal and cerebral SSEPs, EMG, MEPs
Threshold
Decrease in amplitude of >50% and/or altered latency  of 10% 


	New sensory or motor postoperative deficit
	· Correction of patient position

· Adaptation of surgical procedure


	Rate of new neurological deficit: 4.9%

Complete recovery within 6 months: 100%

Sensitivity = 83.3%

Specificity = 99.2%



	Eggspuehler II
(2007)35
	Prospective
	N = 217

Mean age: 40 yrs

25% male
	All spine

deformity (congenital, scoliosis, posttraumatic or neuromuscular deformities)

	Corrective surgery, decompression, fusion, columnotomy, 
	Spinal and cerebral SSEPs, EMG, MEPs
Threshold
Decrease in amplitude of >50% and/or altered latency  of 10% 


	New sensory or motor postoperative deficit
	· Correction of patient position

· Adaptation of surgical procedure


	Rate of new neurological deficit:5.9%

Complete recovery within 3 months: 92%

No recovery: 8%

Sensitivity = 92.3%

Specificity = 98.5%



	Eggspuehler III
(2007)41
	Prospective
	N = 36

Mean age: 58 yrs

50% male
	Thoracic 

spinal stenosis (congenital, degenerative, disc herniation, fracture)

	Corrective surgery, decompression, fusion, laminectomy
	Spinal and cerebral SSEPs, EMG, MEPs
Threshold
Decrease in amplitude of >50% and/or altered latency  of 10% 
	New sensory or motor postoperative deficit
	NR
	Rate of new neurological deficit: 11%

Complete recovery within 6 months: 75%

Partial recovery: 25%

Sensitivity = 75%

Specificity = 97%



	Hsu

(2008)32
	Retrospective
	N = 144

Mean age: 14 yrs

72% male


	All spine

deformity
	Deformity surgery (posterior spinal fusion, anterior surgery only, both anterior and posterior procedures)

	 Transcranial MEPs and CMAPs
Threshold
Decrease in CMAP amplitude >50% over a period of 1 minute


	New sensory or motor postoperative deficit or  significant surgical event defined as a decrease in CMAP amplitude


	· Cease surgical activity

· Irrigation of surgical site


	Rate of significant surgical event: 14.6%

Rate of new neurological deficit: 0%

Sensitivity = 100%

Specificity = 97%




	Lieberman

(2008)38
	Retrospective
	N = 35

Mean age: 54 yrs

34% male
	Lumbar

fixed sagittal plane deformity 
	Posterior-based osteotomy of spine followed by lumbar fusion
	 Transcranial MEPs, free- running and evoked EMG

Threshold
A >80% loss in amplitude to 1 or more muscle groups
considered a major alert for TcMEPs


	New motor postoperative deficit
	· Volume and pharmacologic resuscitation 

· Patient repositioning

· Surgical decompression


	Rate of new neurological deficit: 28.5%
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	At threshold

	
	
	
	
	
	
	
	
	Muscles
	Sens
	Spec

	
	
	
	
	
	
	
	
	RF

ADD

VM

TA

All
	70%

89%

90%

50%

100%
	90%

93%

75%

90%

90%


	Sutter I
(2007)36
	Prospective


	N =109

Mean age: 55 yrs

55% male
	All spine 

tumors (intramedullary, intradural,

extramedullary, and epidural)

	Decompression, fusion, vertebrectomy, vertebroplasty, tumor resection, tumor excision

	Spinal and cortical SSEPs, EMG, MEPs

Threshold
Decrease in amplitude of >50% and/or altered latency  of 10% 
	Postoperative neuro status (not defined)
	· Adaptation of surgical procedure


	Rate of new neurological deficit: 24%

Complete recovery or to preexisting neurological situation: 100%

Sensitivity = 92%

Specificity = 99%


	Sutter II
(2007)39
	Prospective


	N =409

Mean age: 63 yrs

40% male
	Lumbosacral 

spinal stenosis with or without instability
	Decompression with or without instrumentation, fusion
	 Spinal and cortical SSEPs, EMG, MEPs

Threshold
Decrease in amplitude of >50% and/or altered latency  of 10% 
	New sensory or motor postoperative deficit
	· Adaptation of surgical procedure


	Rate of new neurological deficit: 4.4%

Complete recovery within 

3 months: 67%

Partial recovery: 33%

Sensitivity = 90%

Specificity = 99.7%

	MacDonald

(2007)
	Retrospective
	N = 173

Mean age: 14 yrs
Age range: 2 -43 yrs
28% male

	Thoracolumbar

Scoliosis (idiopathic, congenital, neurofibromatosis, neuromuscular, horizontal gaze palsy and progressive scoliosis (HGPPS)), tumor, spondylolisthesis, spine fracture
	Various corrective spine surgeries
	Intravenous anesthesia with muscle MEPs and SSEP including sensorimotor decussation assessment

Threshold

Focal decrements = an amplitude decrement unequivocally exceeding trial-to-trial variation for SSEPs.

Unequivocal MEP decrement requiring disappearance of a response that had been present
	New sensory or motor postoperative deficit
	· Arm neural injury prevention

· Shoulder position correction

· Arm pressure relief

· Relieving vena cava pressure

· Blood pressure restoration

· Hook or wire removal

· Rod release

· Pausing surgery

· Dexamethasone
	Rate of new neurological deficit: 5.8%

Either type of focal decrement

Sensitivity = 70%

Specificity = 93%
PPV = 33%

NPV = 98%

Protracted focal decrements

(>40 min)

Sensitivity = 50%

Specificity = 100%

PPV = 100%

NPV = 98%

Transient focal decrements

(quickly resolved)

Sensitivity = 20%

Specificity = 93%

PPV = 13%

NPV = 96%


	Padberg

(1998)


	Retrospective
	N = 500

Mean age: 18 yrs
Sex NR

	Scoliosis 

(idiopathic)
	Posterior, anterior, or combined posterior-anterior procedures
	SSEPs and neurogenic NMEPs
Threshold
SSEPs = Decrease in amplitude of 60% and/or increase latency >10% 

MEPs = Decrease in amplitude of 80% and/or increase latency >10% 
	New sensory or motor postoperative deficit
	· Determine if technical problem

· Verify anesthetic concentrations

· Return anesthetics, body temp, or mean arterial blood pressure to previous levels

· Wake-up test
	Rate of new neurological deficit: 0.4%

Sensitivity = 98.6%

Specificity = 100%


	Quraishi

(2009)
	Prospective
	N = 102

Mean age: 42 yrs

Sex NR

	All spine

deformity

(idiopathic, degenerative, neuromuscular, and congenital scoliosis; thoracic kyphosis; 

high-grade spondyloisthesis)
	Corrective spine surgery, instrumented fusion, decompression, and osteotomies
	SSEPs, EMGs, and MEPs

Threshold

SSEPs = Decrease in amplitude of > 50%  

EMGs = Sustained burst/trains

MEPs = MEPs completely lost in limb of interest


	New sensory or motor postoperative deficit
	· Correction of position of electrodes

· Assess the anesthetic regimen

· Assess blood pressure and body temperature

· Patient repositioning

· Implement remedial surgical measures
	Rate of new neurological deficit: 4.95%

Combined multimodality:

Sensitivity = 100%

Specificity = 84.3%

PPV = 13.9%

NPV = 97%

Subset of corrective surgeries involving osteotomies (n = 32):

Sensitivity = 67%

Specificity = 98%

PPV = 80%

NPV = 96%




SSEPs = somatosensory evoked potentials  

MEPs motor evoked potentials

PPV = positive predictive value

NPV = negative predictive value

EMG = electromyographic

CMAPs = compound muscle action potentials

RF = Rectus femoris

ADD = Adductor muscles

VM = Vastus medialis

TA = Tibialis anterior

Sens = sensitivity

Spec = specificity

NR = not reported

 Table 3.  Study question #2: Studies comparing the diagnostic characteristics of individual intraoperative neuromonitoring techniques.
	Author

(Year)
	Study Design
	Population
	Diagnosis
	Treatment
	Monitoring Method(s)
	Reference

standard
	Intraoperative Management
	Results

	Gunnarsson

(2004)9
	Retrospective

cohort
	N = 213

Mean age: 59 yrs

50% male
	Thoracolumbar

disc herniation, segmental instability, deformities, stenosis, tumors


	Decompression, microdiscectomy, tumor resection, tethered cord release, fusion
	EMG and SSEPs
Threshold

SSEPs = A 50% decrease in amplitude 
	New or worsening sensory or motor postoperative deficit


	NR
	Rate of new neurological deficit: 6.6%

EMG

Sensitivity = 100%

Specificity = 23.7%
PPV = 8.5%

NPV = 100%
SSEP

Sensitivity = 28.6%

Specificity = 94.7%
PPV = 28.6%

NPV=94.7%


	Hilibrand

(2004)7
	Retrospective

cohort 
	N = 427

Mean age: 50 yrs

57% male
	Cervical myelopathy, OPLL, other


	Anterior, posterior, combined anterior and posterior approaches
	TcMEPs and SSEPs
Threshold

A 60% decrease in amplitude 


	New sensory or motor postoperative deficit
	· Increase mean arterial pressure to at least 90 mm Hg

· Administration of spinal cord injury steroids consisting of high dose methylprednisolone

· Removal of bone graft or internal fixatioon


	Rate of new neurological deficit: 2.8%

TcMEP

Sensitivity = 100%

Specificity = 100%

SSEP

Sensitivity = 25%

Specificity = 100%

	Kelleher

(2008)43
	Retrospective

cohort 
	N =1055

Mean age: 55 yrs

58% male
	Cervical

 trauma, tumors, myelopathy, ankylosing spondylitis 
	 Fusion, laminectomy, tumor resection
	SSEPs, EMG, and MEPs
Threshold

SSEPs = A 50% decrease or more in amplitude 
	New sensory or motor postoperative deficit
	· Start-stop surgical method

· Administration of steroids methylprednisolone

· Increase blood pressure


	Rate of new neurological deficit: 3.2%

Resolved completely: 62%

Resolved partially: 26%

No improvement: 12%

SSEP

Sensitivity = 52%

Specificity = 100%

PPV = 100%

NPV = 97%

MEP

Sensitivity = 100%

Specificity = 96%

PPV = 96%

NPV = 100%

EMG

Sensitivity = 46%

Specificity = 73%

PPV = 3%

NPV = 97%



	Kim

(2007)17
	Retrospective

cohort 
	N = 52

Mean age: 60 yrs

52% male
	Cervical myelopathy 
	Laminectomy, fusion, corpectomy
	 TcMEPs and SSEPs

Threshold
TcMEPs = Sustained >80% loss in amplitude

SSEPs = Repeatable loss of amplitude >50% or increased latency >10% 


	New sensory or motor postoperative deficit
	· Immediate equipment and lead check

· Increase mean arterial pressure to 85 mm Hg

· Patient warming to 36° C

· Wound exploration 

· Change stimulation parameters and reposition electrodes

· Wake up test

· Abort surgery


	Rate of new neurological deficit: 1.9%

TcMEP

Sensitivity = 100%

Specificity = 90%

PPV = 17%

SSEP

Sensitivity = 0%

Specificity = 100%

	Schwartz

(2007)44
	Retrospective

cohort 
	N = 1121

Mean age: 14 yrs

26% male
	Adolescent idiopathic scoliosis
	Surgical correction
	TcMEPs and SSEPs

Threshold
TcMEPs = Persistent > 65% loss in amplitude

SSEPs = Repeatable loss of amplitude >50% 
	New sensory or motor postoperative deficit
	· Surgical maneuver reversed

· Increase mean arterial pressure to 90 mm Hg

· Methylprednisolone bolus of 30 mg/kg administered

· Cessation of surgery
	Rate of new neurological deficit: 0.8%

TcMEP-motor

Sensitivity = 100%

Specificity = 100%

SSEP-motor

Sensitivity = 43%

Specificity = 100%

SSEP-sensory

Sensitivity = 100%

Specificity = 100%

	Calancie

(2001)
	Retrospective
	N = 194

57% male

Mean age: 50 yrs


	All spine

Tumor resection, correction of orthopedic abnormality, correction of vascular abnormality
	Various spine surgeries
	SSEPs and TcMEPs

Threshold
SSEPs = Decrease in amplitude of >50% or increase latency >10% 

TcMEPs = When a given muscle’s threshold increased by >100 Voltz


	Postoperative motor and sensory status
	· Altered anesthesia delivery

· Altered mean arterial blood pressure
	Rate of new neurological deficit: NR

SSEP

Sensitivity = 87%

Specificity = 90%
TcMEP

Sensitivity = 100%

Specificity = 100%



EMG = electromyographic

SSEPs = somatosensory evoked potentials  

OPLL = ossified posterior longitudinal ligament

Tc = transcranial

MEPs motor evoked potentials

PPV = positive predictive value

NPV = negative predictive value

Table 4.  Study questions #3 and #4: Studies comparing neuromonitoring to no neuromonitoring or an intraoperative response to no response.
	Author

(Year)
	Study 

Design
	Population
	Diagnosis
	Treatment
	Monitoring Method(s)
	Intraoperative

Management
	Reference

standard
	Results

	Sala

(2006)16
	Retrospective matched cohort

with

historical control
	N=100

Monitor  = 50

Mean age: 41 yrs

56% male

Control = 50

Mean age: 37 yrs

Sex not reported
	All Spine

cervical, thoracic, and lumbar

Intramedullary spinal cord tumors
	Myelotomy
	MIOM techniques 

SSEPs
(Tc Epidural 
D-wave) 

and MEPs
Threshold
Decrease in amplitude of  >50% and/or 10% prolongation in latency  

Decrease of >50% of baseline amplitude was significant for D-wave

“Presence/absence” criteria used on a trial-to-trial basis for muscle MEPs

 
	· Temporarily stop surgery
· Warm saline irrigation
· Local instillation of paparverine

· Induced hypertension

	Change in McCormick’s clinical/
functional classification scheme
	Rate of new neurological deficit: 

· Monitored: 8%

· Control: 30%

Monitored:

Mean change: +.28
Control:

Mean change: -.16

P=.0016

Only monitored group had an overall improvement in neuro status (grade change >0) 


	Epstein

(1993)45
	Retrospective cohort with

historical control
	N=318

Monitor = 100

Mean age: 52 yrs

62% male

Control = 218

Mean age: 52 yrs

62% male
	Cervical

disc disease, myelopathy, stenosis, spondylosis, and OPLL
	Anterior cervical discectomy or vertebrectomy and fusion,

and  posterior foraminotomy, hemilaminectomy, or multilevel laminectomy 
	SSEPs
Threshold
Decrease of amplitude >50% or increased latency >10% 


	· Reversal of hypotension

· Adjust operative position

· Release of distraction

· Cessation of manipulation
	Change in Ranawat neurologic class
	Monitored:

· Mean change = +1.0

· Rate of neurological deficit 1.0% 

· No quadriplegia

· No deaths

Control:

· Mean change = +0.5

·  Rate of neurological deficit 5.4% 

·  8 quadriplegics (3.7%)

·  1 death (0.5%)

	Smith

(2007)46
	Retrospective cohort


	N=1,039

Monitor = 577

Control = 462

Mean age and sex not reported
	Cervical

nonmyelopathic stenosis, radiculopathy, herniated disc, junctional stenosis, nonunion from prior surgery
	Cervical fusion (instrumented or noninstrumented) with either allograft or autograft
	SSEPs
(median/ulnar and peroneal/tibial nerves)

Threshold
Decrease in amplitude of  >50% or 10% prolongation in latency  


	· Increasing blood pressure
· Retractor repositioning

	New neurological deficit (motor or sensory)


	Rate of new neurological deficit study:.09%

Monitored:

·   1 new postoperative neurological deficit (0.9%)

·   6 transient SSEP changes resolved with intervention.  None of these had a neurological deficit.

Control:

·   No postoperative neurological deficits

	Meyer

(1988)47
	Retrospective cohort with

historical control
	N = 295

Mean age: 29 yrs

73% male

n = 150 SSEPs

n = 145 wake-up test or no monitoring
	Thoracolumbar

acute spinal cord injury (fracture-dislocations, burst fractures, ligamentous injuries)
	Posterior stabilization via posterior approach, combined AP stabilization, and staged anterior decompression and posterior stabilization

	SSEPs 
(cortical and dermatomal)
Threshold
NR
	· Luque wires removed replaced by Harrington rods

· 100 mg dexamethasone intravenously

	Postoperative neurological changes (Trauma Motor Index and Frankel Grade)
	Both groups:

· Rate of new neurological deficit: 3.7% 

Monitored:

·   Rate of new neurological deficits 0.7%
Control:

·   Presence of new neurological deficits 6.9%

	Wiedmayer

(2002)
	Retrospective cohort
	N = 423

Mean age: 46 yrs
57% male
Monitoring uneventful 78%

Monitoring event noted 22%

True-positive

monitoring event 20%
	All Spine

Tumor (infratentorial, supratentorial),

spinal lesion (extramedullary, intramedullary), 

vascular lesion
	Various surgeries for spinal tumors and spinal or vascular lesions
	SSEPs
Threshold
Decrease in amplitude of  >50% or 10% prolongation in latency  

Some alerts were reacted to and some were not.  These were compared.


	· Dissection

· Perfusion pressure

· Limitation of resection

· Vessel clipping

· Vasospasm

· Retraction

· Abandonment of procedure


	New postoperative deficit
	Rate of new neurological deficit (n=84): 20%

Overall rate of intervention (n=42)* = 10%

Overall rate of new neurological deficit when interventions were made (n=20) = 4.7%

Overall rate of new neurological deficit when interventions were not made (n=64)** = 15.1%

Sensitivity = 81%

Specificity = 93%
NPV = 95%

PPV = 90%


OPLL=ossified posterior longitudinal ligament   SSEPs = somatosensory evoked potentials  AP = anteroposterior MIOM = multimodal intraoperative neuromonitoring  MEPs= motor evoked potentials  Tc = transcranial
*Interventions were made in 42 of the 84 who had a positive intraoperative alert.

**Whether there was an intraoperative alert or not.
Table 5.  Study question #1:  Level of Evidence grade for studies assessing the diagnostic characteristics of unimodal 
somatosensory evoked potentials (SSEPs) or transcranial electrical motor-evoked potentials (TcMEP).
	Methodological Principle
	Dinner
	Manninen
	Stechison
	Papastef.
	Khan
	May
	Deutsch
	Leung
	Lang
	Lang.

	Prospective validation of previous developed diagnostic criteria in a consecutive series of patients
	
	
	
	
	
	
	
	
	
	

	Consecutive series of patients
	
	(
	
	(
	(
	(
	
	
	
	

	Broad spectrum of persons with the expected condition
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(

	Adequate description of test and reference for replication
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(

	Blinded comparison of tests with appropriate reference standard
	
	
	
	
	(
	(
	
	
	
	

	Reference standard performed independently of diagnostic test
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(

	Evidence Level
	III
	II
	III
	II
	II
	II
	III
	III
	III
	III


Table 6.  Study question #1: Level of Evidence grade for studies assessing the diagnostic characteristics of multimodal
 intraoperative monitoring (MIOM) techniques.
	Methodological Principle
	Accadbled
	Eggs. 

I
	Eggs. 

II
	Eggs.

 III
	Hsu
	Lieberman
	Sutter

I
	Sutter

II
	MacD.
	Padberg
	Quraishi

	Prospective validation of previous developed diagnostic criteria in a consecutive series of patients
	
	(
	(
	(
	
	
	(
	(
	
	
	(

	Consecutive series of patients
	(
	(
	(
	(
	
	(
	(
	(
	(
	(
	(

	Broad spectrum of persons with the expected condition
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(

	Adequate description of test and reference for replication
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(

	Blinded comparison of tests with appropriate reference standard
	
	
	
	
	
	(
	
	
	(
	(
	

	Reference standard performed independently of diagnostic test
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(

	Evidence Level
	II
	II
	II
	II
	III
	II
	II
	II
	II
	II
	II


Applies to randomized controlled trials only.

Table 7.  Study question #2: Level of Evidence grade for studies comparing the diagnostic characteristics of

 individual intraoperative neuromonitoring techniques.
	Methodological Principle
	Gunnarsson
	Hilibrand
	Kelleher
	Kim
	Schwartz
	Calancie

	Prospective validation of previous developed diagnostic criteria in a consecutive series of patients
	
	
	
	
	
	

	Consecutive series of patients
	(
	(
	(
	(
	(
	(

	Broad spectrum of persons with the expected condition
	(
	(
	(
	(
	(
	(

	Adequate description of test and reference for replication
	(
	(
	(
	(
	(
	(

	Blinded comparison of tests with appropriate reference standard
	
	
	
	
	
	

	Reference standard performed independently of diagnostic test
	(
	(
	(
	(
	(
	(

	Evidence Level
	II
	II
	II
	II
	II
	II


Applies to randomized controlled trials only.

Table 8.  Study questions #3 and #4: Level of Evidence grade for studies comparing neuromonitoring to no neuromonitoring 

or an intraoperative response to no response.
	Methodological Principle
	Sala
	Epstein
	Smith
	Meyer
	Wiedemeyer

	Study design
	
	
	
	
	

	Randomized controlled trial
	
	
	
	
	

	Cohort Study
	(
	(
	(
	(
	(

	Case-series
	
	
	
	
	

	Statement of concealed allocation*
	
	
	
	
	

	Intention to treat*
	
	
	
	
	

	Independent or blind assessment
	
	
	
	
	(

	Co-interventions applied equally
	(
	(
	(
	(
	(

	Complete follow-up of >80%
	(
	(
	(
	(
	(

	Adequate sample size
	(
	(
	(
	(
	(

	Controlling for possible confounding
	
	
	
	
	

	Prospective study
	
	
	
	
	

	Evidence Level
	
III
	
III
	III
	


III
	

III


Applies to randomized controlled trials only.

