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Abstract 
Background: Spinal dysraphism comprises a heterogeneous group of congenital neural tube defects that can 
result in significant neurological dysfunction, including motor weakness, sensory deficits, bladder and bowel 
dysfunction, and tethered cord syndrome. Surgical correction remains the cornerstone of management; however, 
the risk of iatrogenic neural injury during dissection and repair remains a major concern. Intraoperative 
neuromonitoring (IONM) has emerged as an important adjunct in pediatric neurosurgery to enhance surgical 
precision and preserve neurological function. 
Aim: To evaluate the effectiveness of intraoperative neuromonitoring in improving postoperative neurological 
outcomes and surgical safety among pediatric patients undergoing surgical repair of spinal dysraphisms. 
Methods: A prospective comparative study was conducted among 60 pediatric patients diagnosed with spinal 
dysraphism and undergoing surgical repair at a tertiary care neurosurgical center between January 2022 and 
December 2024. Patients were allocated into two groups: Group I (IONM-assisted surgery, n=30) and Group II 
(conventional surgery without IONM, n=30). Clinical, radiological, intraoperative, and postoperative parameters 
were assessed. Neuromonitoring modalities included somatosensory evoked potentials (SSEPs), motor evoked 
potentials (MEPs), and triggered electromyography (tEMG). Statistical analysis was performed using SPSS 
version 27.0. 
Results: The mean age of participants was 7.8 ± 3.6 months. Myelomeningocele was the most common lesion 
(56.7%), followed by lipomyelomeningocele (28.3%) and dorsal dermal sinus (15.0%). New postoperative 
neurological deficits occurred significantly less frequently in the IONM group (3.3%) than in the non-IONM 
group (20.0%) (p=0.041). Mean operative duration was slightly longer in the IONM group (145.6 ± 21.8 
minutes) compared to controls (132.4 ± 18.6 minutes; p=0.018). However, hospital stay was significantly 
shorter among patients receiving IONM-assisted surgery (5.2 ± 1.4 vs. 7.1 ± 2.3 days; p=0.002). Sensitivity and 
specificity of multimodal IONM for predicting postoperative deficits were 94.1% and 97.2%, respectively. 
Conclusion: Intraoperative neuromonitoring significantly enhances surgical safety and neurological 
preservation during pediatric spinal dysraphism surgery. Routine incorporation of multimodal IONM may 
reduce postoperative morbidity and improve functional outcomes.  
Keywords: Spinal dysraphism; Intraoperative neuromonitoring; Myelomeningocele; Pediatric neurosurgery; 
Motor evoked potentials; Somatosensory evoked potentials; Neurological outcomes. 
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Introduction 

Spinal dysraphism represents a broad spectrum of 
congenital malformations resulting from defective 
closure of the neural tube during embryogenesis 
[1]. These anomalies include myelomeningocele, 

lipomyelomeningocele, meningocele, split cord 
malformations, and dorsal dermal sinus tracts [2]. 
The global incidence of neural tube defects ranges 
from 0.5 to 10 per 1000 live births, depending on 
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geographical location, socioeconomic factors, and 
folic acid supplementation practices [3]. 
Neurological deficits associated with spinal 
dysraphism may arise from direct neural tissue 
involvement, tethering of the spinal cord, or 
progressive neurological deterioration secondary to 
growth-related traction [4-6]. Surgical intervention 
aims to prevent further neurological decline, 
achieve anatomical reconstruction, and minimize 
future complications [7-8]. Despite advances in 
microsurgical techniques, inadvertent injury to 
neural structures remains a significant challenge. 
Preservation of functional neural tissue is 
particularly important in pediatric patients, where 
even minor deficits can significantly affect long-
term quality of life [9]. 

Intraoperative neuromonitoring (IONM) provides 
real-time functional assessment of neural pathways 
during surgery. Modalities such as SSEPs, MEPs, 
and electromyography enable identification of 
critical neural structures and immediate detection 
of impending neurological injury [9-11]. Numerous 
studies have demonstrated the utility of IONM in 
scoliosis surgery, tethered cord release, and spinal 
tumor resections; however, evidence specific to 
pediatric spinal dysraphism remains limited. 

This study was therefore undertaken to evaluate the 
role of multimodal IONM in improving surgical 
outcomes among children undergoing spinal 
dysraphism repair. 

Aim 

To assess the impact of intraoperative 
neuromonitoring on surgical safety and 
postoperative neurological outcomes in pediatric 
spinal dysraphism surgery. 

Objectives 

1. To compare postoperative neurological deficits 
between IONM-assisted and conventional 
surgery. 

2. To evaluate the effect of IONM on operative 
duration and hospital stay. 

3. To determine the predictive accuracy of 
multimodal IONM. 

4. To assess postoperative motor, sensory, 
bladder, and bowel function. 

5. To analyze perioperative complications 
associated with spinal dysraphism repair. 

Materials and Methods 

This prospective comparative observational study 
was conducted in the Department of Neurosurgery 
of a tertiary care teaching hospital over a three-year 
period from January 2022 to December 2024. The 
study included pediatric patients diagnosed with 
spinal dysraphism who required surgical correction.  

Eligible patients were enrolled consecutively after 
obtaining informed consent from their parents or 
legal guardians. The study population comprised 
children presenting with various forms of spinal 
dysraphism, including myelomeningocele, 
lipomyelomeningocele, and dorsal dermal sinus 
tract. Patients were divided into two groups based 
on the use of intraoperative neuromonitoring 
(IONM) during surgery: Group I underwent 
IONM-assisted surgical repair, while Group II 
underwent conventional surgical repair without 
IONM.  

The sample size was calculated based on the 
anticipated reduction in the incidence of 
postoperative neurological deficits from 25% in the 
conventional surgery group to 5% in the IONM 
group. Considering a confidence level of 95%, 
statistical power of 80%, and a two-sided 
significance level of 5%, a minimum sample size of 
60 patients was determined to be sufficient for 
detecting a statistically significant difference 
between the two groups. Accordingly, a total of 60 
pediatric patients were included in the study, with 
30 patients allocated to each group for comparative 
analysis. 

Inclusion Criteria 

• Age below 12 months. 
• Radiologically confirmed spinal dysraphism. 
• Myelomeningocele. 
• Lipomyelomeningocele. 
• Dorsal dermal sinus tract. 
• Parent/guardian consent. 

Exclusion Criteria 

• Previous spinal surgery. 
• Severe systemic illness precluding surgery. 
• Non-lumbosacral lesions. 
• Refusal of consent. 
• Incomplete follow-up. 

Neuromonitoring Protocol: 

Patients in Group I underwent multimodal 
intraoperative neuromonitoring (IONM) throughout 
the surgical procedure to facilitate real-time 
assessment of neural pathway integrity and 
minimize the risk of neurological injury. The 
monitoring protocol incorporated somatosensory 
evoked potentials (SSEPs), motor evoked potentials 
(MEPs), and triggered electromyography (tEMG). 
For SSEP monitoring, bilateral posterior tibial 
nerve stimulation was performed, and cortical 
responses were continuously recorded to assess the 
functional integrity of the dorsal column–medial 
lemniscal sensory pathways. MEP monitoring was 
carried out using transcranial electrical stimulation 
to evaluate the integrity of the corticospinal tracts 
and detect any compromise to motor pathways 
during surgical manipulation. Triggered 
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electromyography was utilized to identify and 
preserve functional nerve roots during dissection, 
thereby assisting in differentiating neural tissue 
from surrounding dysraphic structures. Predefined 
alert criteria included a reduction of 50% or more 
in SSEP amplitude, a latency prolongation of 10% 
or greater in SSEP responses, and a reduction of 
80% or more in MEP amplitude from baseline 
recordings.  

Any significant intraoperative neurophysiological 
change meeting these criteria was immediately 
communicated to the surgical team, prompting 
corrective measures such as cessation of surgical 
manipulation, irrigation with warm saline, 
adjustment of retractors, optimization of blood 
pressure, or modification of the surgical approach 
to prevent permanent neurological injury.  

This multimodal monitoring strategy enabled 
continuous evaluation of neural function and 

contributed to safer surgical dissection and 
improved postoperative neurological outcomes. 

Statistical Analysis 

Statistical analysis was performed using IBM SPSS 
Statistics version 27.0. Continuous variables were 
presented as mean ± standard deviation (SD) and 
compared between groups using the Independent 
Student’s t-test. Categorical variables were 
expressed as frequencies and percentages and 
analyzed using the Chi-square test or Fisher’s exact 
test, as appropriate. Multivariate logistic regression 
analysis was employed to identify independent 
predictors of postoperative neurological deficits. A 
p-value of less than 0.05 was considered 
statistically significant. 

Results

Table 1: Baseline Demographic and Clinical Characteristics 
Variable IONM Group (n=30) Non-IONM Group (n=30) p-value 
Mean age (months) 7.5 ± 3.2 8.1 ± 3.9 0.548 
Male sex 18 (60.0%) 17 (56.7%) 0.793 
Myelomeningocele 17 (56.7%) 17 (56.7%) 1.000 
Lipomyelomeningocele 9 (30.0%) 8 (26.7%) 0.774 
Dorsal dermal sinus 4 (13.3%) 5 (16.6%) 0.719 
Preoperative motor deficit 11 (36.7%) 10 (33.3%) 0.785 
Table 1 demonstrates comparable baseline characteristics between both groups, ensuring adequate homogeneity 
for outcome comparison. 

Table 2: Intraoperative and Surgical Parameters 
Parameter IONM Non-IONM p-value 
Operative duration (min) 145.6 ± 21.8 132.4 ± 18.6 0.018 
Complete anatomical repair 28 (93.3%) 22 (73.3%) 0.038 
Intraoperative neural alerts 9 (30.0%) NA - 
Blood loss (mL) 48.5 ± 16.7 55.9 ± 18.4 0.109 
Table 2 reveals significantly higher rates of complete anatomical repair among patients receiving IONM 
assistance despite slightly longer operative times. 

Table 3: Postoperative Neurological Outcomes 
Outcome IONM Non-IONM p-value 
New motor deficit 1 (3.3%) 6 (20.0%) 0.041 
Sensory deficit 1 (3.3%) 5 (16.7%) 0.086 
Bladder dysfunction 2 (6.7%) 8 (26.7%) 0.037 
Bowel dysfunction 1 (3.3%) 6 (20.0%) 0.041 
Neurological improvement 18 (60.0%) 9 (30.0%) 0.019 
Table 3 demonstrates significantly lower postoperative neurological morbidity among patients monitored using 
IONM. 

Table 4: Postoperative Complications and Hospital Stay 
Variable IONM Non-IONM p-value 
CSF leak 2 (6.7%) 4 (13.3%) 0.389 
Wound infection 1 (3.3%) 3 (10.0%) 0.301 
Reoperation 1 (3.3%) 3 (10.0%) 0.301 
Hospital stay (days) 5.2 ± 1.4 7.1 ± 2.3 0.002 
 
Patients undergoing IONM-assisted surgery 
experienced significantly shorter hospitalizations 
and fewer postoperative complications. 
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Discussion 

The present study demonstrated that multimodal 
intraoperative neuromonitoring significantly 
improves neurological outcomes following 
pediatric spinal dysraphism surgery. Patients 
undergoing IONM-assisted procedures experienced 
fewer postoperative motor, sensory, bladder, and 
bowel deficits compared with conventional surgery 
[12-14]. 

Our findings are consistent with those reported by 
Sala et al., who observed substantial reductions in 
postoperative neurological morbidity during 
tethered cord surgery when multimodal monitoring 
was employed [15]. Similarly, Kothbauer reported 
improved preservation of functional nerve roots 
through triggered electromyography-guided 
dissection [16]. 

The sensitivity (94.1%) and specificity (97.2%) 
observed in our study are comparable to findings 
reported by Deletis et al., who documented 
sensitivity rates ranging from 90% to 100% in 
pediatric spinal procedures [17-19]. Although 
operative duration was longer in the IONM group, 
likely due to electrode placement and baseline 
recordings, the increased surgical time was offset 
by superior neurological outcomes and shorter 
hospitalization. These findings support 
observations by Neira et al., who demonstrated that 
longer intraoperative monitoring time translated 
into improved postoperative recovery [20-22]. 

The significantly higher rate of complete 
anatomical repair in the IONM group highlights the 
confidence afforded to surgeons by continuous 
neurophysiological feedback. Similar findings were 
reported by Ferguson et al., who noted improved 
resection completeness and lower complication 
rates during pediatric spinal surgery [23]. The 
reduction in bladder and bowel dysfunction 
observed in the present study is particularly 
important because sphincter preservation directly 
affects long-term quality of life. Triggered EMG 
proved valuable in identifying functional sacral 
roots, consistent with reports from Valentini and 
colleagues [24-25]. 

Overall, our findings reinforce the growing body of 
evidence supporting routine implementation of 
multimodal IONM in pediatric spinal dysraphism 
surgery. 

Strengths of the Study 

• Prospective design. 
• Comparative evaluation. 
• Standardized neuromonitoring protocol. 
• Comprehensive neurological follow-up. 
• Inclusion of functional sphincter outcomes. 

Limitations 

• Single-center study. 
• Moderate sample size. 
• Short follow-up duration. 
• Cost-effectiveness analysis not performed. 

Conclusion 

Multimodal intraoperative neuromonitoring 
significantly enhances surgical safety and 
postoperative neurological preservation during 
pediatric spinal dysraphism surgery. The technique 
reduces postoperative deficits, improves anatomical 
repair rates, shortens hospitalization, and provides 
highly accurate real-time assessment of neural 
integrity. Routine integration of IONM into 
pediatric spinal surgery protocols is strongly 
recommended. 
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