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Abstract
Study Design: Cross Sectional Retrospective Study
Purpose:  To evaluate the correlation between perioperative neurology and intraoperative neuromonitoring (IONM), to define IONM's clinical value and its optimal applicability in spine patient.
Overview of Literature: In Malaysia, rising spine surgery rates and a 5.2-12.6% risk of neurological deficits highlights the need for safety measures. IONM can mitigate risks, but its high cost and contentious clinical value create a dilemma for surgeons, balancing medicolegal pressures against proven patient benefits.
Methods: The study employed a retrospective cross-sectional design, analysing a cohort of 114 patients who received spinal surgery with IONM at Hospital Queen Elizabeth over a one-year period (January - December 2024). Through a systematic review of medical records, we collected a defined dataset encompassing demographic profiles, primary spinal diagnoses, serial ASIA Impairment Scale scores (preoperative and at 24h/72h postoperative), patient-reported symptoms, and full intraoperative neurophysiological data (MEP, SSEP, and EMG).
Results: In this study of 114 patients, IONM was most frequently used for scoliosis corrective surgeries (56%). Remarkably, the vast majority of its use was for spine surgeries involving the cervical and thoracic regions (95.6%). A significant association existed between preoperative ASIA scores and baseline IONM signals (p<0.001). MEPs demonstrated superior sensitivity than SSEP for detecting preoperative neurological deficits. Crucially, intraoperative MEP changes strongly predicted postoperative neurological and symptomatic outcomes (p<0.001), unlike SSEPs. Transient EMG bursts were not associated with postoperative radiculopathy.
Conclusion: This study substantiates our institutional protocol mandating IONM for scoliosis corrections and recommending it for cervical/thoracic spine surgeries. We found a significant association between preoperative neurological status and baseline IONM signals. Crucially, intraoperative MEP changes proved to be a specific and significant predictor of postoperative neurological function, underscoring MEP's paramount value in preventing deficits and enhancing surgical safety.
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Background:
In Malaysia, the number of spine surgeries has been steadily increasing due to factors such as population growth, an ageing population, and advancements in medical knowledge and technology.1 The rising prevalence of degenerative spine conditions, such as spinal canal stenosis and spondylolisthesis, particularly among the elderly, has contributed significantly to this trend.2 Additionally, traumatic spine injuries from road accidents and falls, as well as deformities like scoliosis, often necessitate surgical intervention.3 Improved diagnostic tools, such as MRI and CT imaging, along with minimally invasive surgical techniques, have expanded treatment options, making spine surgery more accessible and effective.4 As a result, hospitals nationwide are seeing higher demand for spinal procedures, reflecting both the burden of spine-related disorders and the evolving capabilities of Malaysia’s healthcare system.
Neurological complications following spine surgery remain a significant concern in Malaysia, with potentially severe consequences for patients. Due to the proximity of neural structures to the surgical site, spine procedures carry an inherent risk of intraoperative neurological deterioration, including nerve root injuries, spinal cord damage, or cauda equina syndrome. Recent Malaysian studies report an incidence of postoperative neurological deficits ranging from 5% to 18%, with higher rates observed in complex procedures such as deformity corrections and revision surgeries.5,6 These complications often lead to prolonged rehabilitation, permanent disability, or even litigation. Medical negligence claims related to spine surgery in Malaysia frequently involve allegations of improper surgical technique, delayed recognition of complications, or insufficient preoperative counseling.7 Given the rising volume of spine surgeries nationwide, optimizing surgical protocols and informed consent processes is critical to mitigating risks and improving patient outcomes.
Intraoperative neuromonitoring (IONM), including motor-evoked potentials (MEPs), somatosensory-evoked potentials (SSEPs), and electromyography (EMG), plays a pivotal role in modern spine surgery by providing real-time feedback on neural integrity. These modalities enable early detection of nerve irritation or injury, allowing surgeons to intervene promptly—such as adjusting retractor placement or correcting screw mispositioning—to prevent permanent neurological deficits.8 IONM also serves as critical medicolegal documentation, offering objective evidence of due diligence in cases of postoperative complications. However, its adoption in Malaysia is limited by high costs, with each procedure exceeding RM 3,500, depending on hospital tier and monitoring complexity.9 Despite this, the medicolegal risks of not using IONM are significant, as seen in recent Malaysian lawsuits where the absence of neuromonitoring contributed to allegations of negligence in spinal cord injury cases.10,11 Balancing cost and clinical necessity remains a challenge, but IONM’s role in enhancing surgical safety and legal defensibility is increasingly recognized.


Problems Statement:
The adoption of intraoperative neuromonitoring (IONM) in spine surgeries has grown in Malaysia alongside advancements in surgical technology. However, its clinical benefits and cost-effectiveness remain contentious.12 Reflecting broader industry trends where Malaysian insurers frequently deny claims for expensive interventions deemed non-essential, many local providers classify IONM as 'not medically necessary' for routine spinal procedures due to its high cost (exceeding RM 3,500 per case) and variable evidence on outcomes.13 Conversely, courts have increasingly acknowledged IONM’s role in establishing the standard of care, particularly in cases involving postoperative neurological deficits.14 This legal precedent, combined with inconsistent insurance coverage, creates a dilemma for spine surgeons—some may overuse IONM for medicolegal protection, while others avoid it due to financial constraints, regardless of its actual clinical value in preventing nerve injuries. 15
Despite the established global utilization of intraoperative neuromonitoring (IONM) to mitigate neurological risks in complex spine surgeries, its integration into Malaysian clinical practice remains inadequately informed by local evidence. Presently, there is a paucity of Malaysian data correlating patients' preoperative neurology with baseline IONM signals, which are crucial for accurate intraoperative interpretation. Furthermore, a significant gap exists as no local studies have systematically evaluated the predictive value of IONM signals changes for postoperative neurological outcomes and clinical symptoms in the Malaysian population. This evidence deficit directly impedes the formulation of context-specific guidelines, creating an urgent need for rigorous research to establish the clinical efficacy, cost-effectiveness, and optimal practice protocols for IONM adoption within the country's unique healthcare landscape.
Study Objectives:
1. To characterize the demographic profile of patients undergoing intraoperative neuromonitoring (IONM) during spine surgery at our tertiary medical center.
2. To evaluate the relationship between preoperative neurological status and baseline IONM signal parameters obtained at surgery commencement.
3. To determine the association between intraoperative IONM signal changes and immediate postoperative symptoms and neurological outcomes.
Hypothesis:
1. We hypothesize that patients receiving IONM in our Malaysian tertiary centre will predominantly comprise patients who underwent scoliosis deformity correction surgery; cervical and thoracic spine surgery; and minimally invasive lumbar spine surgery.
2. We anticipate baseline MEP is more sensitive than SSEP in detecting preoperative neurological deficit.
3. We postulate that intraoperative signal deterioration will predict new postoperative deficits or worsening post operative symptoms.
Methodology:
This retrospective study included patients who underwent spinal surgery with concurrent IONM at Hospital Queen Elizabeth 1 between January 2024 and December 2024. Medical records were reviewed to collect patient demographics, spinal diagnoses, pre-operative and post-operative ASIA Impairment Scale scores, post-operative symptoms, and intraoperative MEP, SSEP, and EMG data. 
Study Design:
Cross Sectional retrospective Study
Sampling Method:
Consecutive Sampling
Ethic Approval:
Approval letter from Ministry of Health Medical Research and Ethics Committee (MREC), Malaysia acquired prior to conduct of research.
NMRR ID: NMRR ID-25-00227-QED
Research ID: RSCH ID-24-05553-VRY
Study Eligibility Criteria
Inclusion Criteria:
1. Adult patients who underwent elective or emergent spinal surgery at Hospital Queen Elizabeth 
2. Cases where comprehensive intraoperative neuromonitoring (MEP/SSEP/EMG) was systematically employed
3. Availability of complete documentation:
· Preoperative neurological assessment (ASIA Impairment Scale documented ≤24h pre-surgery)
· Postoperative neurological evaluation (ASIA documented at 24h and 72h post-op)
· Standardized surgical procedure notes

Exclusion Criteria:
1. Incomplete/missing documentation:
· IONM tracings or technician reports
· Serial ASIA documentation
2. Concomitant brain injury, where peri-operative neurology and symptoms not reliable.
[image: Flow Diagram of Patient Eligibility and Enrollment]
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Data Analysis
All scoliosis cases in this study were classified as thoracic because every Lenke type, including type 5, involves a structural deformity in the thoracic region—the area that houses the spinal cord.
Data were analysed using IBM SPSS Statistics version 25.0 (IBM Corp., Armonk, NY, USA). Descriptive statistics were used to summarize the characteristics of the study population. Continuous variables are expressed as mean ± standard deviation, and categorical variables are presented as frequencies and percentages.
For preoperative assessment, the association between ASIA impairment scale classifications and baseline neurophysiological signals (MEP and SSEP) was analysed using Fisher's exact test. The associations between intraoperative neurophysiological monitoring parameters (MEP and SSEP) and clinical outcomes (neurological changes and clinical symptoms) were evaluated using Fisher's exact test due to the presence of cells with expected frequencies of < 5. This non-parametric test was chosen as the appropriate method for examining the independence of categorical variables in our dataset. 
For the analysis of neurophysiological signal changes, we categorized baseline MEP and SSEP signals as ‘Intact’, ‘Zero’, ‘Reduced’. Baseline signals are established after anaesthesia induction and before surgical incision. ‘Intact’ baseline MEP: amplitude ≥50 µV (peak-to-peak), reproducible, polymorphic, with stimulus intensity < 80% of maximum safe stimulation limit (≤200 mA for transcranial electrical stimulation). ‘Reduced’ baseline MEP: amplitude <20 µV, responses require >80% of maximum stimulator output, and not reproducible. ‘Intact’ baseline SSEP: Normal latency, adequate amplitude (>0.5 µV), symmetrical, reproducible. ‘Reduced’ baseline SSEP: abnormally prolonged, markedly low amplitude (<0.5 µV), or significantly asymmetric.
While intraoperative MEP and SSEP changes are categorized as "Better”, "Same”, or "Worsen" based on signal amplitude and latency measurements compared to baseline readings. ‘Same’ MEP: amplitude <50% reduction from baseline. ‘Worsen’ MEP: >50% amplitude reduction from baseline. ‘Same’ SSEP: Increase of < 10% from baseline latency and reduction of < 50% from baseline peak-to-peak amplitude. ‘Worsen’ SSEP: Increase of >10% from baseline latency and reduction of >50% from baseline peak-to-peak amplitude.  EMG activity was dichotomised into the presence or absence of irritation. Postoperative neurological outcomes were classified as "Improved”, "Same”, or "Worsen" based on changes in the ASIA impairment scale and detailed neurological examination at follow-up. Clinical symptoms were categorised as "Improved" or "None" based on patient-reported outcomes.



Results:
Five patients were excluded from the final cohort. Exclusions were necessitated in three cases because of inadequate documentation of perioperative ASIA scores, and in two cases because concurrent brain injury made it impossible to isolate and evaluate neurology specific to the spinal procedure.

	Table 1: Demographic and clinical characteristics of patients (n = 114)

	Variables
	Categories/Statistics
	Frequency
(n)
	Percentage
(%)

	Age 
	Mean (SD)
	32.0 (19.95)
	-

	Gender
	Male
Female
	43
71
	37.7
62.3

	Spine diagnosis requiring IONM
	Spine Scoliosis 
-Idiopathic
-Non-Idiopathic
Cervical Spondylotic Myelopathy
Traumatic Cervical Spine Injury
Spine Tuberculosis Infection
-Cervical
-Thoracic
-Lumbar 
Thoracic Spine Metastasis
Lumbar Degenerative Spine Stenosis
Cervical Prolapsed Intervertebral Disc
Others
	64
55
9
17
11
8
2
5
1
4
4
3
3
	56.0


14.9
9.6
7.0



3.5
3.5
2.6
2.6

	Spine region
	Thoracic
Cervical
Upper Cervical
Lumbosacral
	75
28
6
5
	65.8
24.5
5.3
4.4

	ASIA Category
	E
D
C
B
A
Not Classified
	81
19
8
1
0
5
	71.1
16.6
7.0
0.9
0.0
4.4












	Table 2: Preoperative ASIA impairment scale and baseline IONM signals (n = 114)
	

	Variables
	n
	ASIA
	p-value a

	
	
	A
n (%)
	B
n (%)
	C
n (%)
	D
n (%)
	E
n (%)
	Not Classified n (%)
	

	Baseline MEP
Intact
Reduced
Zero
	
74
31
9
	
0 (0)
0 (0)
0 (0)
	
0 (0)
1 (100.0)
0 (0)
	
0 (0)
5 (62.5)
3 (37.5)
	
0 (0)
14 (73.7)
5 (26.3)
	
71 (87.7)
9 (11.1)
1 (1.2)
	
3 (60.0)
2 (40.0)
0 (0)
	
<0.001

	Baseline SSEP
Intact
Reduced
Zero
	
101
10
3
	
0 (0)
0 (0)
0 (0)
	
1 (100.0)
0 (0)
0 (0)
	
0 (0)
5 (62.5)
3 (37.5)
	
15 (78.9)
4 (21.1)
0 (0)
	
80 (98.8)
1 (1.2)
0 (0)
	
5 (100.0)
0 (0)
0 (0)
	
<0.001


 a Fisher Exact test

	Table 3: Association between intraoperative IONM signal changes and postoperative neurological outcomes (n = 114)
	

	Variables
	n
	Neurology Outcome
	p-value a

	
	
	Improved 
n (%)
	Same
n (%)
	Worsen
n (%)
	

	Intraoperative MEP
Better
Same
Worsen
	
18
94
2
	
10 (55.6)
7 (7.4)
0 (0)
	
8 (44.4)
84 (89.4)
1 (50.0)
	
0 (0)
3 (3.2)
1 (50.0)
	
<0.001

	Intraoperative SSEP
Better
Same
Worsen
	
2
111
1
	
2 (100.0)
15 (13.5)
0 (0)
	
0 (0)
92 (82.9)
1 (100.0)
	
0 (0)
4 (3.6)
0 (0)
	
0.052


a Fisher Exact test






	Table 4: Association between intraoperative IONM signals and postoperative clinical symptoms (n = 114)

	Variables
	n
	Clinical symptoms
	p-value a

	
	
	Improved 
n (%)
	Not Improved
n (%)
	

	Intraoperative MEP
Better
Same
Worsen
	
18
94
2
	
8 (44.4)
7 (7.4)
0 (0)
	
10 (55.6)
87 (92.6)
2 (100.0)
	
<0.001

	Intraoperative SSEP
Better
Same
Worsen
	
2
111
1
	
0 (0)
15 (13.5)
0 (0)
	
2 (100.0)
96 (86.5)
1 (100.0)
	
1.000

	EMG irritation
Yes
No
	
16
98
	
5 (31.3)
10 (10.2)
	
11 (68.8)
88 (89.8)
	
0.036


a Fisher Exact test


















Discussion
	Our study analyzed 114 patients who underwent spine surgeries with intraoperative neuromonitoring (IONM) at our center between January and December 2024. The cohort comprised predominantly female patients (71, 62.3%), compared to males (43, 37.7%), reflecting the higher prevalence of Adolescent Idiopathic Scoliosis (AIS), which disproportionately affects females. The most common indication for IONM was Spine Scoliosis (64 cases, 56%), followed by Cervical Spondylotic Myelopathy (17, 14.9%), Traumatic Cervical Spine Injury (11, 9.6%), Tuberculous(TB) Spine Infection (8, 7%), Thoracic Spine Metastasis (4, 3.5%), Lumbar Degenerative Spine Stenosis (4, 3.5%), Cervical Prolapsed Intervertebral Disc (3, 2.6%), and Other (3, 2.6%). 
IONM is now considered the standard of care in scoliosis correction due to its proven role in reducing neurological complications. Multiple studies have demonstrated that IONM significantly decreases the risk of postoperative neurological deficits by providing real-time feedback during spinal cord manipulation, deformity correction, and pedicle screw placement.16 The Scoliosis Research Society (SRS) strongly recommends IONM for all complex spinal deformity surgeries, as it enhances surgical safety and improves outcomes.17
We selectively use IONM in cervical and thoracic spine surgery, this is because these spine regions carry a higher risk of catastrophic neurological injury due to the spinal cord’s limited tolerance to mechanical and ischemic insults. IONM is particularly critical in these cases, as it allows for early detection of intraoperative spinal cord compromise, enabling immediate corrective measures.18,19 In contrast, open lumbar fusion procedures (e.g., PLIF, TLIF) are often performed without IONM because direct nerve root visualization reduces the risk of inadvertent injury.20 Recent systemic review concluded that in open decompression and fusion procedures, where anatomical exposure is clear, the added benefit of IONM may be limited compared to minimally invasive techniques. The study supports the argument that direct visualization in open surgery can decrease (but not eliminate) the need for IONM, though it remains valuable in complex or revision cases.19 However, in minimally invasive lumbar surgeries, where anatomical exposure is limited, IONM becomes essential to prevent nerve root damage.20,21 In our series, intraoperative neurophysiological monitoring (IONM) was used in only four lumbar fusion cases for degenerative lumbar spinal canal stenosis (two open PLIF, one MIS-TLIF, and one XALIF). IONM was employed in the two posterior lumbar interbody fusion (PLIF) cases due to severe stenosis and because the IONM cost was covered by the Jabatan Perkhidmatan Awam (JPA). In one Lateral Anterior Lumbar Interbody Fusion (XALIF) case, we used intraoperative neurophysiological monitoring (IONM) due to the indirect reduction of degenerative spondylolisthesis. In Minimally Invasive Surgery Transforaminal Lumbar Interbody Fusion (MIS-TLIF), IONM was helpful in guiding and confirming optimal pedicle screw placement. In one case involving lumbar spinal tuberculosis requiring deformity correction (via pedicle subtraction osteotomy with anterior column reconstruction), we employed IONM to continuously monitor nerve root integrity throughout the procedure. This decision was based on the complex nature of the deformity correction and the heightened risk of neural element compromise during such aggressive osteotomies in the setting of infectious spondylitis.
Our study found that intraoperative neurophysiological monitoring (IONM) was most frequently used in the thoracic spine (n=75, 65.8%), followed by the cervical spine (n=34, 29.8%), with the lumbosacral region having the lowest utilization (n=5, 4.4%). The predominance of IONM in the thoracic spine is largely due to the high number of scoliosis cases in our cohort. The thoracic spinal cord is particularly vulnerable, likely because of its kyphotic curvature and narrower spinal canal compared to cervical and lumbar regions.22 Given these anatomical risks, we mandate IONM for all thoracic spine surgeries.
For cervical spine procedures, we also prioritize IONM due to the potential for severe morbidity (e.g., paraplegia) and even mortality (e.g., respiratory or hemodynamic compromise) in cases of spinal cord injury.  American Association of Neurological Surgeons (AANS) & Congress of Neurological Surgeons (CNS) officially recommend IONM as medically necessary at surgeon discretion for cervical spine procedures due to irreversible consequences of injury.23 The cost of lifelong quadriplegia care far exceeds IONM expenses. Failure to use IONM in cervical spine surgery may be considered a breach of standard care in malpractice cases.23 
The patient’s preoperative neurological status, as classified by the American Spinal Injury Association (ASIA) Impairment Scale, serves as a critical determinant for intraoperative neurophysiological monitoring (IONM) utilization. In this cohort, the majority of patients were graded ASIA E (81, 74.3%), followed by ASIA D (19, 17.4%), ASIA C (8, 7.3%), and ASIA B (1, 0.90). Notably, IONM was not used in any patients with ASIA A impairment, and was used in only a single patient with ASIA B impairment. IONM use is strongly discouraged in ASIA A patients due to the absence of functional neural pathways. 24 In contrast, it is a recommended and valuable tool during surgery for incomplete spinal cord injury patients include ASIA B patients to help preserve their potential for neurological recovery.25 
From our study, we reveal that preserved preoperative neurology (ASIA E) does not universally correlate with intact neurophysiological signals. Among 81 ASIA E patients, MEPs were intact in 71 (87.7%), reduced in 9 (11.1%), and absent in 1 (1.2%). In contrast, SSEPs were intact in 80 (98.8%) and reduced in 1 (1.2%). While most ASIA E patients exhibited normal neurophysiological responses, MEP abnormalities were observed in a subset, suggesting subclinical motor pathway dysfunction.
Regarding diagnostic sensitivity, MEPs demonstrated superior sensitivity compared to SSEPs in detecting neurological impairment, particularly in ASIA D patients: 100% (19/19) exhibited MEP abnormalities, whereas only 21% (4/19) showed SSEP abnormalities. This aligns with prior studies indicating that MEPs are more sensitive than SSEPs in identifying subtle motor tract dysfunction, even in patients with mild deficits.26 Furthermore, the presence of abnormal MEPs in ASIA E patients underscores their utility in detecting subclinical pathology. A strong association (p < 0.001) was observed between ASIA grade and baseline neurophysiological signals, supporting the prognostic role of IONM. 
 	Analysis of the correlation between IONM signals changes and postoperative outcomes revealed significant associations. In patients exhibiting improved motor evoked potentials (MEPs) prior to skin closure (n=18), a statistically significant majority demonstrated enhanced postoperative neurological status (n=10) and improved clinical symptoms (n=8) (p < 0.001, Fisher’s exact test). Aggregate statistical analysis confirms a strong and significant association between intraoperative MEP changes and both postoperative neurological outcomes (p < 0.001) and clinical symptoms (p < 0.001). In contrast, changes in somatosensory evoked potentials (SSEPs) demonstrated no significant association with neurological outcomes (p = 0.052) or clinical symptoms (p = 1.000). These findings, which highlight the superior specificity of MEPs over SSEPs in predicting functional motor outcomes, are supported by contemporary literature. A recent 2023 study by Kim et al. concluded that intraoperative MEP changes are a more specific predictor of postoperative motor deficits than SSEP changes, and any significant MEP deterioration should be addressed with utmost seriousness as a potential warning of impending neurological injury.27
Our intraoperative findings are consistent with the established prognostic value of specific EMG signal patterns. Research concluded that repetitive, burst-like discharges have a significantly lower association with postoperative neurological deficits compared to sustained, train-like activity.28,29 In our cohort, 16 patients exhibited transient, burst-type irritation signals intraoperatively, all of which resolved prior to closure. Correspondingly, none of these patients developed new postoperative radicular pain or radiculopathy. The signals we observed align with the benign "burst activity" profile described in the literature, as opposed to the more ominous "sustained train activity." This reinforces the clinical interpretation that burst activity often represents reversible mechanical irritation, and that immediate surgical correction—such as the removal of nerve root compression—typically results in the preservation of neurological function.
Conclusion
Our hospital's protocol mandates intraoperative neuromonitoring (IONM) for all scoliosis corrective procedures and strongly recommends its use during cervical and thoracic spine surgery due to the presence of the spinal cord. This is especially applied to patients with relatively preserved preoperative neurological function (ASIA grade B, C, D, or E). Analysis revealed a significant association between preoperative neurology and baseline MEP/SSEP signals. However, intraoperative MEP signal changes demonstrated superior predictive value for postoperative neurology and clinical symptoms compared to SSEP changes. Notably, transient EMG irritation during surgery did not result in any cases of postoperative radiculopathy.
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