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Intraoperative Neurophysiological Monitoring in Spine Surgery: An Evidence Map of 66 Systematic Reviews With Evidence-Graded Recommendations
Supplementary Table S1. Search strategies (run 12 October 2026)
	Database
	Records
	Search string

	PubMed
	366
	#1 IONM
"Neurophysiological Monitoring"[Mesh] OR "Intraoperative Neurophysiological Monitoring"[Mesh] OR "Evoked Potentials, Motor"[Mesh] OR "Evoked Potentials, Somatosensory"[Mesh] OR "Electromyography"[Mesh] OR neuromonitor*[tiab] OR "neuro-monitor*"[tiab] OR "neurophysiological monitoring"[tiab] OR "neurophysiologic monitoring"[tiab] OR "neurophysiological intraoperative monitoring"[tiab] OR IONM[tiab] OR IOM[tiab] OR IONPM[tiab] OR "motor evoked potential*"[tiab] OR MEP[tiab] OR MEPs[tiab] OR TcMEP*[tiab] OR "transcranial electrical motor"[tiab] OR "somatosensory evoked potential*"[tiab] OR SSEP*[tiab] OR "evoked potential*"[tiab] OR electromyogra*[tiab] OR EMG[tiab] OR tEMG[tiab] OR "triggered EMG"[tiab] OR "free-run EMG"[tiab] OR "free running EMG"[tiab] OR "spontaneous EMG"[tiab] OR "D-wave*"[tiab] OR "D wave*"[tiab] OR "wake-up test"[tiab] OR "wake up test"[tiab] OR "spinal cord monitoring"[tiab]

#2 Spine
"Spine"[Mesh] OR "Spinal Diseases"[Mesh] OR "Spinal Cord Diseases"[Mesh] OR "Spinal Injuries"[Mesh] OR "Spinal Cord Injuries"[Mesh] OR "Spinal Neoplasms"[Mesh] OR "Spinal Cord Neoplasms"[Mesh] OR "Spinal Fusion"[Mesh] OR "Pedicle Screws"[Mesh] OR "Laminectomy"[Mesh] OR "Laminoplasty"[Mesh] OR "Diskectomy"[Mesh] OR spine[tiab] OR spinal[tiab] OR vertebra*[tiab] OR scolio*[tiab] OR kyphos*[tiab] OR kyphotic[tiab] OR lordos*[tiab] OR cervical[tiab] OR lumbar[tiab] OR thoracolumbar[tiab] OR lumbosacral[tiab] OR "pedicle screw*"[tiab] OR laminectom*[tiab] OR laminoplast*[tiab] OR discectom*[tiab] OR diskectom*[tiab] OR corpectom*[tiab] OR foraminotom*[tiab] OR intradural[tiab] OR intramedullary[tiab] OR ACDF[tiab] OR TLIF[tiab] OR PLIF[tiab] OR ALIF[tiab] OR OLIF[tiab] OR LLIF[tiab] OR XLIF[tiab]

#3 SR filter
"Systematic Review"[pt] OR "Meta-Analysis"[pt] OR "systematic review*"[tiab] OR "systematic literature review*"[tiab] OR "meta-analy*"[tiab] OR "meta analy*"[tiab] OR metaanaly*[tiab] OR "umbrella review*"[tiab] OR "overview of reviews"[tiab] OR "overview of systematic reviews"[tiab] OR "pooled analysis"[tiab] OR "Cochrane Database Syst Rev"[ta]

#4 #1 AND #2 AND #3
#5 #4 NOT ("Animals"[Mesh] NOT "Humans"[Mesh])

	Scopus
	866
	TITLE-ABS-KEY(neuromonitor* OR "neuro-monitor*" OR "neurophysiologic* monitoring" OR ionm OR iom OR "motor evoked potential*" OR mep OR meps OR tcmep* OR "somatosensory evoked potential*" OR ssep* OR "evoked potential*" OR electromyogra* OR emg OR temg OR "d-wave*" OR "d wave*" OR "wake-up test" OR "spinal cord monitoring")
AND TITLE-ABS-KEY(spine OR spinal OR vertebra* OR scolio* OR kyphos* OR kyphotic OR lordos* OR cervical OR lumbar OR thoracolumbar OR lumbosacral OR "pedicle screw*" OR laminectom* OR laminoplast* OR discectom* OR diskectom* OR corpectom* OR foraminotom* OR intradural OR intramedullary OR acdf OR tlif OR plif OR alif OR olif OR llif OR xlif)
AND TITLE-ABS-KEY("systematic review*" OR "systematic literature review*" OR "meta-analy*" OR "meta analy*" OR metaanaly* OR "umbrella review*" OR "overview of reviews" OR "overview of systematic reviews" OR "pooled analysis")

	Web of Science Core Collection
	448
	#1 TS=(neuromonitor* OR "neuro-monitor*" OR "neurophysiologic* monitoring" OR IONM OR IOM OR "motor evoked potential*" OR MEP OR MEPs OR TcMEP* OR "somatosensory evoked potential*" OR SSEP* OR "evoked potential*" OR electromyogra* OR EMG OR tEMG OR "D-wave*" OR "D wave*" OR "wake-up test" OR "spinal cord monitoring")
#2 TS=(spine OR spinal OR vertebra* OR scolio* OR kyphos* OR kyphotic OR lordos* OR cervical OR lumbar OR thoracolumbar OR lumbosacral OR "pedicle screw*" OR laminectom* OR laminoplast* OR discectom* OR diskectom* OR corpectom* OR foraminotom* OR intradural OR intramedullary OR ACDF OR TLIF OR PLIF OR ALIF OR OLIF OR LLIF OR XLIF)
#3 TS=("systematic review*" OR "systematic literature review*" OR "meta-analy*" OR "meta analy*" OR metaanaly* OR "umbrella review*" OR "overview of reviews" OR "overview of systematic reviews" OR "pooled analysis")
#4 #1 AND #2 AND #3


Concept blocks: (1) IONM — neuromonitoring, neurophysiological monitoring, evoked potentials, SSEP, MEP, D-wave, electromyography; AND (2) spine surgery — spine, spinal, vertebral, scoliosis, cervical, lumbar, thoracic, pedicle screw, spinal cord tumour; AND (3) systematic review or meta-analysis. No language or date limits.


Supplementary Table S2. Characteristics of the 66 included systematic reviews.
	Review
	Procedure focus
	Modalities
	Primary studies, n
	Registered
	Questions addressed
	AMSTAR 2 confidence

	Addanki 2025a23
	Tumour - IMSCT
	SSEP; myogenic MEP; D-wave; multimodal (SSEP+TcMEP)
	29
	Yes
	Accuracy
	Critically low

	Addanki 2025b24
	Tumour - extramedullary (IDEM)
	SSEP; TcMEP; multimodal (SSEP+TcMEP)
	20
	Yes
	Accuracy, Alerts
	Critically low

	Addanki 2025c25
	Tumour - IMSCT
	Myogenic MEP; D-wave
	25
	Yes
	Accuracy, Alerts
	Critically low

	Addanki 2025d26
	Thoracic; Decompression (OPLL/OLF); Deformity
	SSEP; TcMEP; multimodal (SSEP+TcMEP)
	19
	Yes
	Accuracy, Alerts
	Critically low

	Aghaei 202627
	Cervical; Degenerative cervical myelopathy
	SSEP; MEP; multimodal IONM
	44
	Yes
	Accuracy, Outcomes
	Low

	Ajiboye 201728
	Cervical - anterior (ACDF, corpectomy)
	SSEP; MEP; EMG; unimodal vs multimodal
	10
	No
	Accuracy, Outcomes
	Critically low

	Al-Naseem 202429
	Deformity - scoliosis
	IONM alerts (MEP/SSEP)
	11
	No
	Alerts
	Critically low

	Alkhatip 202430
	Deformity - paediatric scoliosis
	TcMEP; SSEP
	5
	Yes
	Alerts
	Low

	Alvi 202422
	Mixed spine surgery (subgroups: cervical, thoracic, lumbar, deformity, tumour, degenerative, trauma)
	SSEP; MEP; EMG; multimodal
	163
	Yes
	Accuracy, Recommendations
	Low

	Angelliaume 202331
	Deformity - scoliosis
	SSEP; TcMEP
	43
	No
	Accuracy, Alerts
	Critically low

	Antkowiak 202532
	Tumour - IDEM
	MEP; SSEP; D-wave; multimodal IONM
	17
	Yes
	Accuracy, Alerts
	Low

	Antkowiak 202633
	Tumour - IDEM
	MEP; MEP within multimodal IONM
	16
	Yes
	Accuracy, Alerts
	Low

	Asunis 202534
	Deformity - neuromuscular/syndromic scoliosis
	SSEP; MEP
	4
	No
	Alerts
	Critically low

	Azad 201835
	Spinal tumour (intramedullary)
	MEP, SSEP (also D-wave, EMG, dorsal column mapping narratively)
	21
	No
	Accuracy
	Critically low

	Bagherzadeh 202636
	Deformity
	IONM (MEP/SSEP) signal loss as outcome
	7
	Yes
	Alerts
	Low

	Basu 202337
	Mixed spine surgery
	SSEP; MEP (TceMEP)
	50
	No
	Accuracy, Outcomes
	Critically low

	Brigato 202638
	Deformity - AIS (intraoperative traction)
	TcMEP
	8
	Yes
	Alerts
	Critically low

	Chang 202139
	Lumbar; Decompression/fusion
	SSEP (lower extremity)
	11
	No
	Accuracy
	Critically low

	Correa 202640
	Tumour - IDEM
	IONM (multimodal; MEP/SSEP)
	4
	Yes
	Outcomes
	Critically low

	Cottone 202441
	Deformity - adult spinal deformity
	Multimodal IONM (MEP, SSEP, EMG)
	16
	Yes
	Alerts
	Critically low

	Daniel 201842
	Mixed spine surgery (incl. intramedullary tumours, deformity, degenerative)
	IONM (any modality)
	6
	No
	Outcomes
	Critically low

	Di Martino 201943
	Cervical - degenerative
	SSEP; TcMEP; MIOM
	8
	No
	Accuracy, Recommendations
	Critically low

	Dulfer 202344
	Mixed spine surgery
	Muscle TcMEP; D-wave
	10
	Yes
	Alerts
	Low

	El Choueiri 202545
	Cervical - degenerative
	IONM (SSEP, MEP, +/- EMG)
	7
	No
	Outcomes
	Critically low

	Fehlings 201021
	Mixed spine surgery (deformity, instrumentation, cervical)
	SSEP; TcMEP; multimodal IOM
	32
	No
	Accuracy, Outcomes, Recommendations
	Critically low

	Fehlings 20244
	Mixed spine surgery; deformity; degenerative
	IONM (SSEP/TcMEP/EMG) as exposure and outcome definition
	6 (risk-factor SR); scoping set larger
	Yes
	Outcomes, Alerts, Recommendations
	High

	Fonseca 202246
	Pedicle screw insertion (thoracic, lumbar)
	Triggered EMG (screw stimulation)
	12
	No
	Accuracy
	Critically low

	Gorijala 202447
	Deformity - idiopathic scoliosis
	SSEP
	16
	Yes
	Accuracy, Alerts
	Critically low

	Guzman 201448
	Cervical (anterior and posterior decompression)
	TcMEP; spontaneous EMG; SSEP; dermatomal EPs
	60
	No
	Alerts
	Critically low

	Hejrati 202449
	Mixed spine surgery (56% deformity)
	Multimodal IONM
	16
	Yes
	Alerts, Recommendations
	Critically low

	Holdefer 202050
	Deformity
	TcMEP
	21
	No
	Alerts, Outcomes
	Critically low

	Härtl 201651
	Lumbar; MIS/lateral (ELIF/XLIF); ALIF
	Neuromonitoring (EMG-based) reported vs not reported in ELIF series
	34
	No
	Outcomes
	Critically low

	Ishida 201952
	Spinal tumour (intradural extramedullary)
	Multimodal (MEP, SSEP, free-running EMG)
	5
	No
	Accuracy
	Critically low

	Kumar 202653
	Deformity - severe rigid (temporary internal distraction)
	IONM (MEP/SSEP)
	15
	No
	Alerts
	Critically low

	LaMothe 201554
	Deformity - paediatric scoliosis (intraoperative traction)
	SSEP/TcMEP (as reported)
	9
	No
	Alerts
	Critically low

	Lee 201555
	Pedicle screw insertion (lumbar, thoracic)
	Triggered EMG
	11
	No
	Accuracy
	Critically low

	Lehmen 201556
	Lumbar; MIS/lateral (XLIF/DLIF)
	Specialised (automated) EMG neuromonitoring vs technician/none
	237
	No
	Outcomes
	Critically low

	Lovi 202257
	Deformity - thoracolumbar fusion
	IONM (normal intraoperatively)
	5
	No
	Alerts
	Critically low

	Lv 202458
	Deformity - scoliosis correction
	IONM (SSEP/MEP) + wake-up test
	14
	No
	Alerts
	Critically low

	Masapu 202659
	Mixed (brain and spine; spine subset incl. cervical, paediatric scoliosis)
	TcMEP
	13
	No
	Alerts
	Critically low

	Mikula 201660
	Pedicle screw insertion
	Triggered EMG
	26
	No
	Accuracy, Alerts
	Critically low

	Montes-Peña 202661
	Spinal dysraphism / tethered cord release
	SSEP; MEP; EMG; bulbocavernosus reflex
	19
	No
	Outcomes
	Critically low

	Nie 202262
	Lumbar; MIS/lateral (LLIF, OLIF)
	Free-run/triggered EMG; MEP; SSEP; none
	34
	No
	Outcomes, Recommendations
	Critically low

	O'Reilly 202663
	Deformity
	MEP; SSEP; multimodal (+/- EMG); DNEP
	43
	No
	Accuracy, Recommendations
	Critically low

	Oner 201264
	Deformity; Pedicle screw insertion (thoracic)
	Triggered EMG
	8
	No
	Accuracy, Outcomes
	Critically low

	Reddy 202165
	Cervical (anterior and posterior)
	SSEP
	23
	No
	Accuracy
	Critically low

	Reddy 202266
	Lumbar; Pedicle screw insertion
	Triggered EMG
	13
	No
	Accuracy
	Critically low

	Reddy 202367
	Lumbar; Decompression/fusion
	TcMEP
	8
	No
	Accuracy
	Critically low

	Reddy 202468
	Cervical (anterior and posterior)
	TcMEP
	19
	No
	Accuracy
	Critically low

	Resnick 200920
	Cervical degenerative
	SSEP, TcMEP, EMG, SCEP
	27
	No
	Accuracy, Outcomes, Recommendations
	Critically low

	Revilla-Pacheco 202269
	Cervical
	TES-MEP (TcMEP)
	10
	No
	Alerts, Recommendations
	Critically low

	Reysner 202470
	Deformity - scoliosis
	TcMEP (primarily); SSEP
	45
	Yes
	Alerts
	Critically low

	Rijs 201971
	Tumour - IMSCT
	SEP; MEP; multimodal IONM (D-wave in some)
	31
	Yes
	Accuracy
	Low

	Shlobin 202072
	Thoracolumbar - anterior; Deformity
	SSEP; MEP (during segmental vessel occlusion)
	16
	No
	Alerts
	Critically low

	Tang 202673
	Deformity - AIS (intraoperative traction)
	TcMEP; SSEP
	18
	Yes
	Alerts
	Critically low

	Thirumala 2016a74
	Deformity - idiopathic scoliosis
	SSEP
	15
	No
	Accuracy
	Critically low

	Thirumala 2016b75
	Cervical - anterior; CSM
	SSEP; TcMEP; EMG
	22
	No
	Outcomes
	Critically low

	Thirumala 2016c76
	Deformity - idiopathic scoliosis
	Multimodal (SSEP+TcMEP)
	7
	No
	Accuracy
	Critically low

	Thirumala 2017a77
	Deformity - idiopathic scoliosis
	TcMEP
	12
	No
	Accuracy
	Critically low

	Thirumala 2017b78
	Mixed spine surgery
	TcMEP
	25
	No
	Accuracy, Alerts
	Critically low

	Thomas 202679
	Tumour - IMSCT
	Myogenic MEP; D-wave
	26
	Yes
	Accuracy
	Critically low

	Velur 2026a80
	Lumbar; MIS/lateral (LLIF); Pedicle screw/fusion
	SSEP (saphenous SSEP/FNEP in LLIF)
	5
	Yes
	Accuracy
	Low

	Velur 2026b81
	Lumbar; MIS/lateral (LLIF)
	Free-run/triggered EMG; TcMEP; saphenous SSEP; multimodal
	7
	Yes
	Accuracy
	Critically low

	Velur Prasuna 202682
	Cervical; Thoracic; OPLL decompression
	TcMEP
	5
	No
	Accuracy
	Critically low

	Wu 201783
	Lumbar; MIS; Pedicle screw insertion
	Triggered (stimulus-evoked) EMG
	8
	No
	Accuracy, Alerts
	Critically low

	Zanin 20253
	Mixed spine surgery
	SSEP; MEP; EMG; D-wave; multimodal
	23
	No
	Outcomes, Recommendations
	Critically low




Supplementary Table S3. Evidence summary, certainty and strength for each recommendation.
	No.
	Recommendation
	Evidence summary
	Source (companion review)
	Certainty
	Strength

	I. When to monitor

	1
	We suggest multimodal IONM during resection of intradural extramedullary tumours.
	Intradural tumour surgery: new deficit OR 0.33 (95% CI 0.17–0.63; 6 studies) with versus without IONM; extramedullary subset OR 0.39. Multimodal sensitivity 63.1%, specificity 92%–97%.
	outcomes review; accuracy review
	Low
	Conditional, for

	2
	We suggest multimodal IONM including MEP during resection of intramedullary tumours, with D-wave recording where feasible.
	MEP sensitivity 70.9% (moderate certainty); multimodal 83.9%. Outcome data limited to two cohorts (OR 0.20, 0.04–1.04). Irreversible D-wave loss: sensitivity 64.2% and specificity 95.0% for long-term motor deficit.
	accuracy review; outcomes review
	Moderate (accuracy); very low (outcome)
	Conditional, for

	3
	We suggest multimodal IONM including MEP during corrective surgery for spinal deformity.
	Multimodal sensitivity 89.1% (82.6–93.4; 36 studies), LR− 0.11. No comparative outcome data met the criteria.
	accuracy review
	Low (accuracy)
	Conditional, for

	4
	In surgery for degenerative cervical myelopathy, we suggest that the decision to monitor be based on the risk of cord injury (for example multilevel compression, kyphosis or OPLL) rather than applied routinely.
	Cervical sensitivity: MEP 57.0%, multimodal 77.1%, SSEP 42.0%. New deficit OR 0.89 (0.49–1.61; 10 studies), dominated by database studies.
	accuracy review; outcomes review
	Low (accuracy); very low (outcome)
	Conditional, risk-based

	5
	We suggest against routine IONM for the purpose of preventing new deficits in one- or two-level anterior cervical discectomy and fusion for radiculopathy without myelopathy.
	No outcome difference in cervical surgery (OR 0.89, 0.49–1.61); baseline risk of a new deficit about 2.7 per 1,000; most alerts in cervical surgery (>70%) were not followed by a deficit.
	outcomes review; alerts review
	Very low
	Conditional, against

	6
	We suggest against routine spinal cord monitoring in lumbar decompression or fusion below the conus without deformity correction.
	Lumbar SSEP sensitivity 31.9%; no comparative outcome benefit shown; >70% of alerts not followed by a deficit.
	accuracy review; outcomes review; alerts review
	Very low
	Conditional, against

	II. Which modalities

	7
	When the spinal cord is at risk, we suggest including MEP rather than relying on SSEP alone.
	MEP sensitivity exceeded SSEP in every procedure where both were assessed (mixed spine 84.0% vs 60.7%; cervical 57.0% vs 42.0%). Comparisons are indirect.
	accuracy review
	Low
	Conditional, for

	8
	We suggest against using triggered EMG thresholds as the only check of pedicle screw position.
	Sensitivity for malposition 54.9% (lumbar) and 31.3% (thoracic); specificity 88%–96%.
	accuracy review
	Very low
	Conditional, against

	9
	We suggest against relying on free-run EMG alone to detect nerve root injury.
	Sensitivity 46.8% (32.1–62.0), specificity 91.2%.
	accuracy review
	Very low
	Conditional, against

	III. Interpreting alerts and normal recordings

	10
	We suggest an early postoperative neurological examination for every monitored patient, whatever the monitoring findings, because a stable recording does not exclude a new deficit.
	New deficits not preceded by an alert: 13.7% with MEP, 41.0% with SSEP and 6.1% with multimodal monitoring.
	accuracy review; alerts review
	Low
	Conditional, for

	11
	We suggest interpreting an alert in light of the baseline risk of the procedure.
	Alerts not followed by a deficit: >70% in cervical and lumbar surgery, <30% in intradural tumour surgery (Spearman ρ −0.85 across 22 strata).
	alerts review
	Low
	Conditional, for

	12
	We suggest treating a persistent signal change as more likely to indicate a new deficit than a change that recovers.
	Diagnostic odds ratio 22–168 for irreversible versus 0.7–14 for reversible changes.
	alerts review
	Low
	Conditional, for

	13
	We suggest a careful postoperative examination after an alert even when signals recover.
	11%–14% of recovered MEP or SSEP alerts in thoracic surgery were followed by a new deficit.
	alerts review
	Very low
	Conditional, for

	IV. Responding to an alert

	14
	After an alert during a high-risk step, we suggest first considering reversal of the most recent surgical manoeuvre, while technical, anaesthetic and physiological causes are checked in parallel.
	Surgical manoeuvres caused 86% of alerts in adult deformity surgery.
	alerts review
	Very low
	Conditional, for

	15
	When MEP is monitored, we suggest total intravenous anaesthesia and avoiding boluses of MEP-suppressing agents at critical steps.
	TIVA preserved MEPs better than volatile agents; dexmedetomidine caused dose-dependent MEP loss; high-dose ketamine boluses caused transient suppression.
	alerts review
	Low to very low
	Conditional, for
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