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ABSTRACT 

Introduction: Intraoperative neurophysiological monitoring (IONM) emerged as a crucial tool for 

preserving neural function during complex neurosurgical procedures. This study aimed to 

comprehensively evaluate the effectiveness of various IONM techniques in detecting potential 

neural injury, guiding surgical decision-making, and assessing their impact on postoperative 

neurological outcomes, patient recovery, and quality of life. 

Methods: This prospective cross-sectional study was conducted at a tertiary care neurosurgical 

center. A sample of 126 participants aged 18 years or older, undergoing complex neurosurgical 

procedures involving manipulation near critical neural structures, were enrolled. IONM techniques, 

including electroencephalography (EEG), somatosensory evoked potentials (SSEPs), motor evoked 

potentials (MEPs), brainstem auditory evoked potentials (BAEPs), and direct nerve monitoring, 

were employed. Preoperative and postoperative neurological examinations, as well as patient-

reported outcome measures (PROMs), were collected. 

Results: Electroencephalography (EEG) was employed in all cases, while SSEPs (85.7%), MEPs 

(76.2%), BAEPs (33.3%), and direct nerve monitoring (50.8%) were selectively utilized. The 

majority of participants (81.0%) experienced no neurological deficits postoperatively. IONM 

findings strongly correlated with postoperative neurological outcomes, with persistent abnormalities 

associated with a higher incidence of permanent deficits (1.6%). Significant improvements were 

observed in patient-reported quality of life, functional status, and pain levels postoperatively. 

Conclusion: The comprehensive evaluation of IONM techniques demonstrated their efficacy in 

detecting potential neural injury, guiding surgical decision-making, and contributing to improved 

postoperative neurological outcomes and patient-reported outcomes. Implementing standardized 

protocols, regular training, and ongoing research to enhance IONM practices were recommended. 

 

Keywords: Intraoperative, Neurophysiological Monitoring, Neurosurgery, Neural Function 

Preservation, Postoperative Outcomes, Quality of Life. 
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INTRODUCTION: 
Neurosurgical procedures, particularly those involving complex operations near critical neural 

structures, carried inherent risks of intraoperative neurological injury. Preserving neural function 

during these delicate interventions was of paramount importance, as even minor deficits could 

profoundly impact a patient's quality of life. Intraoperative neurophysiological monitoring (IONM) 

emerged as a vital tool in mitigating these risks, providing real-time feedback on the functional 

integrity of neural pathways during surgery (Gonzalez et al., 2016). 

 

IONM encompassed a range of techniques that assessed the functional status of the nervous system 

during surgical procedures. By monitoring electrical signals generated by the brain, spinal cord, and 

peripheral nerves, IONM aided in identifying and preventing potential injury to these structures. The 

earliest forms of IONM dated back to the 1930s, when electroencephalography (EEG) was first used 

to monitor brain activity during neurosurgical procedures (Boscia et al., 2019). Over time, 

advancements in technology and a deeper understanding of neurophysiology led to the development 

of various IONM modalities. The application of IONM became increasingly essential in complex 

neurosurgical procedures, such as brain tumor resections, epilepsy surgery, spinal deformity 

corrections, and vascular interventions. These procedures often involved manipulating or operating 

in close proximity to critical neural structures, heightening the risk of neural injury and the 

subsequent development of neurological deficits (Sanai et al., 2013). IONM provided a crucial 

safety net, enabling surgeons to monitor neural function continuously and make informed decisions 

to minimize the risk of permanent neurological impairment. 

 

The field of IONM witnessed significant advancements in recent years, with the introduction of 

novel techniques and technologies. One such development was the integration of advanced imaging 

modalities, such as functional magnetic resonance imaging (fMRI) and diffusion tensor imaging 

(DTI), with IONM. These imaging techniques provided valuable information about the functional 

organization and structural connectivity of the brain, enabling more precise mapping of critical 

neural pathways (Szelényi et al., 2010). Another emerging technique was the use of high-density 

electrode arrays and source localization algorithms, which allowed for more accurate and precise 

monitoring of neural activity (Brunner et al., 2009). Additionally, the advent of robotics and 

computer-assisted navigation systems facilitated more precise surgical interventions, further 

enhancing the utility of IONM in complex neurosurgical procedures (Hefti& Müller, 2019). 

 

Recent studies highlighted the efficacy of IONM in preserving neural function and improving 

surgical outcomes. A systematic review and meta-analysis by Staykov et al. (2021) examined the 

role of IONM in supratentorial tumor resections and found that its use was associated with a 

significantly lower risk of postoperative neurological deficits. Similarly, a retrospective study by 

Cavalcanti et al. (2020) demonstrated the value of IONM in reducing the incidence of postoperative 

neurological deficits in patients undergoing surgery for intramedullary spinal cord tumors. 

Furthermore, research explored the potential of IONM in novel applications, such as deep brain 

stimulation (DBS) procedures for the treatment of movement disorders and epilepsy (Basu et al., 

2018). Additionally, studies investigated the utility of IONM in minimally invasive surgical 

approaches, such as endoscopic endonasal procedures, where visual control was limited (Vasquez et 

al., 2021). 

 

The aim of this study was to comprehensively evaluate the effectiveness of various intraoperative 

neurophysiological monitoring techniques in preserving neural function during complex 

neurosurgical procedures. The study sought to assess the accuracy, sensitivity, and specificity of 

these techniques in detecting potential neural injury and guiding surgical decision-making. 

Furthermore, it aimed to explore the impact of IONM on postoperative neurological outcomes, 

patient recovery, and quality of life. 
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METHODOLOGY 

This study employed a prospective cross sectional study design to evaluate the efficacy of IONM 

techniques in preserving neural function during complex neurosurgical procedures. The study was 

conducted at IQ City Medical College, Durgapur, West Bengal, a tertiary care neurosurgical center 

with extensive experience in utilizing IONM for various neurosurgical procedures. The study 

duration was 6 months, during which data were collected from eligible participants undergoing 

complex neurosurgical procedures. 

 

Patients scheduled for complex neurosurgical procedures, such as brain tumor resections, epilepsy 

surgery, spinal deformity corrections, and vascular interventions, were screened for eligibility based 

on predetermined. 

 

Sample Size: A sample size of 126 subjects was included in the study. This sample size was 

calculated based on an anticipated effect size of 0.5, a power of 0.8, and an alpha level of 0.05, 

using G*Power software (Faul et al., 2007). 

 

Inclusion Criteria: 

 Patients aged 18 years or older undergoing complex neurosurgical procedures. 

 Procedures involving manipulation or operation in close proximity to critical neural structures. 

 Ability to provide informed consent or have a legally authorized representative provide consent. 

 

Exclusion Criteria: 

 Patients with pre-existing severe neurological deficits or disorders that may interfere with IONM 

interpretation. 

 Patients with contraindications to IONM, such as implanted devices or medical conditions that 

preclude the use of specific monitoring techniques. 

 Patients undergoing emergency procedures where IONM cannot be effectively implemented. 

 

Data Collection: 

Intraoperative Neurophysiological Monitoring: A comprehensive array of IONM techniques was 

employed during the neurosurgical procedures, including but not limited to-- 

Electroencephalography (EEG): Continuous monitoring of brain electrical activity to detect 

potential ischemia, seizures, or other abnormalities. 

Somatosensory Evoked Potentials (SSEPs): Evaluation of the functional integrity of sensory 

pathways by stimulating peripheral nerves and recording responses at various levels of the nervous 

system. 

Motor Evoked Potentials (MEPs): Assessment of the functional integrity of motor pathways by 

applying transcranial electrical or magnetic stimulation and recording muscle responses. 

Brainstem Auditory Evoked Potentials (BAEPs): Monitoring of the auditory pathway by 

presenting auditory stimuli and recording responses from the brainstem and cortical areas. 

Direct Nerve Monitoring: Direct stimulation and recording of peripheral nerves to assess their 

functional integrity. 

 

The specific IONM techniques employed were tailored to the individual patient's surgical procedure 

and the neural structures at risk. 

 

Clinical Assessments: Preoperative and postoperative neurological examinations were performed to 

assess the patient's baseline neurological status and identify any potential neurological deficits 

resulting from the surgical procedure. 
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Patient-Reported Outcomes: Standardized patient-reported outcome measures (PROMs) were 

administered preoperatively and at regular intervals postoperatively to evaluate the impact of IONM 

on patient recovery, quality of life, and functional outcomes. 

 

Statistical Analysis: Appropriate statistical analyses were performed to evaluate the efficacy of 

IONM techniques in preserving neural function. Descriptive statistics were used to summarize the 

data, and inferential statistical tests, such as chi-square tests, t-tests, or regression analyses, were 

employed to assess the association between IONM findings and postoperative neurological 

outcomes. The sensitivity, specificity, positive predictive value, and negative predictive value of 

IONM techniques in detecting potential neural injury were calculated. Multivariate analyses were 

conducted to identify potential confounding factors and adjust for their effects. Statistical 

significance was set at p < 0.05. 

 

Ethical Considerations: 

The study was conducted in accordance with the principles outlined in the Declaration of Helsinki 

and the ethical guidelines established by the institution's Institutional Review Board (IRB). 

Participants' privacy and confidentiality were strictly maintained, and all data were de-identified and 

securely stored. 

 

RESULTS: 

The socio-demographic characteristics of the study participants provide essential context for 

interpreting the results and assessing the generalizability of the findings. The age distribution 

reveals that the majority of participants (63.5%) were between 31 and 60 years old, which aligns 

with the typical age range for patients undergoing complex neurosurgical procedures. The inclusion 

of participants across a wide age spectrum, from 18 to over 75 years, ensures that the study captures 

the diverse patient population encountered in clinical practice. However, the study could have 

benefited from a more detailed breakdown of age groups to better understand the specific challenges 

and outcomes associated with different age brackets. The gender distribution shows a slight 

predominance of male participants (57.1%) compared to females (42.9%), which may reflect the 

epidemiology of certain neurosurgical conditions or referral patterns. To strengthen the analysis, the 

study could have provided additional information on participants' comorbidities, baseline 

neurological status, and other relevant demographic factors such as race, ethnicity, and 

socioeconomic status. These details would allow for a more comprehensive understanding of the 

study population and facilitate subgroup analyses to identify potential disparities in access to care or 

outcomes. Furthermore, comparing the socio-demographic profile of the study participants to that of 

the general population undergoing similar neurosurgical procedures would help assess the 

representativeness of the sample and the external validity of the findings. 

 

Table 1: Socio-demographic Characteristics of Study Participants 

Characteristic N (%) 

Age (years)   

18-30 22 (17.5%) 

31-45 38 (30.2%) 

46-60 42 (33.3%) 

61-75 18 (14.3%) 

>75 6 (4.8%) 

Gender   

Male 72 (57.1%) 

Female 54 (42.9%) 

 

 

https://jptcp.com/index.php/jptcp/issue/view/79


Evaluation Of Intraoperative Neurophysiological Monitoring Techniques For Preserving Neural Function During 

Complex Neurosurgical Procedures 

 

Vol.28 No. 01 (2021) JPTCP (331-342)  Page | 335 

Table 2: Types of Neurosurgical Procedures 

Procedure N (%) 

Brain tumour resection 52 (41.3%) 

Epilepsy surgery 28 (22.2%) 

Spinal deformity correction 16 (12.7%) 

Vascular neurosurgery 14 (11.1%) 

Other 16 (12.7%) 

 

The types of neurosurgical procedures performed in the study highlight the focus on complex cases 

that involve manipulation or operation in close proximity to critical neural structures. Brain tumor 

resections constituted the largest proportion of procedures (41.3%), emphasizing the high 

prevalence and complexity of these cases in neurosurgical practice. The inclusion of a substantial 

number of epilepsy surgeries (22.2%) underscores the growing recognition of surgical interventions 

as a viable treatment option for medically refractory epilepsy. Spinal deformity corrections (12.7%) 

and vascular neurosurgeries (11.1%) represent other challenging procedures where IONM plays a 

crucial role in preserving neural function. The "Other" category (12.7%) suggests that the study 

encompassed a diverse range of neurosurgical procedures, enhancing the generalizability of the 

findings. However, providing a more detailed breakdown of the specific procedures within each 

category would have offered deeper insights into the unique challenges and considerations 

associated with each type of surgery. For instance, distinguishing between different types of brain 

tumors (e.g., gliomas, meningiomas) or epilepsy surgeries (e.g., temporal lobectomy, corpus 

callosotomy) would have allowed for a more nuanced analysis of IONM's utility in specific surgical 

contexts. Additionally, including a wider spectrum of neurosurgical procedures, such as functional 

neurosurgery or pediatric cases, would have further expanded the scope and applicability of the 

study findings. Comparing the distribution of procedures in the study sample to that of the overall 

neurosurgical caseload in the institution or region would provide valuable context for interpreting 

the results and assessing the representativeness of the sample. 

 

Table 3: IONM Techniques Employed 

IONM Technique N (%) 

Electroencephalography (EEG) 126 (100%) 

Somatosensory Evoked Potentials (SSEPs) 108 (85.7%) 

Motor Evoked Potentials (MEPs) 96 (76.2%) 

Brainstem Auditory Evoked Potentials (BAEPs) 42 (33.3%) 

Direct Nerve Monitoring 64 (50.8%) 

 

The utilization of various intraoperative neurophysiological monitoring (IONM) techniques in the 

study demonstrates their integral role in preserving neural function during complex neurosurgical 

procedures. The universal application of electroencephalography (EEG) in all cases (100%) 

highlights its fundamental importance in monitoring brain electrical activity and detecting potential 

abnormalities. The high utilization rates of somatosensory evoked potentials (SSEPs) (85.7%) and 

motor evoked potentials (MEPs) (76.2%) underscore their value in assessing the functional integrity 

of sensory and motor pathways, respectively. These techniques provide real-time feedback on the 

impact of surgical manipulations and enable prompt interventions to prevent permanent neurological 

deficits. The selective use of brainstem auditory evoked potentials (BAEPs) (33.3%) and direct 

nerve monitoring (50.8%) suggests that these modalities are employed based on the specific surgical 

requirements and the neural structures at risk. BAEPs are particularly relevant in surgeries involving 

the posterior fossa or brainstem, while direct nerve monitoring is crucial in procedures targeting 

peripheral nerves or spinal nerve roots. To enhance the analysis, the study could have explored the 

factors influencing the decision to use specific IONM techniques, such as the surgical approach, 

tumor location, or patient-specific considerations. Comparing the sensitivity, specificity, and 
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predictive values of each technique in detecting neural injury would have provided valuable insights 

into their relative effectiveness and guided their optimal application. Furthermore, evaluating the 

impact of using multiple IONM modalities concurrently on the overall accuracy of neural function 

assessment and surgical outcomes would have strengthened the study's conclusions. Investigating 

the potential synergistic effects of combining different IONM techniques and their cost-

effectiveness could inform the development of standardized protocols for IONM in various 

neurosurgical scenarios. 

 

Table 4: Postoperative Neurological Outcomes 

Outcome N (%) 

No neurological deficit 102 (81.0%) 

Transient neurological deficit 18 (14.3%) 

Permanent neurological deficit 6 (4.8%) 

 

The postoperative neurological outcomes presented in this table are a crucial indicator of the 

effectiveness of intraoperative neurophysiological monitoring (IONM) in preserving neural function 

during complex neurosurgical procedures. The finding that the vast majority of participants (81.0%) 

experienced no neurological deficits after surgery is highly encouraging and underscores the value 

of IONM in preventing iatrogenic injuries. This result suggests that the real-time feedback provided 

by IONM techniques enables surgeons to make informed decisions and adjust their surgical 

strategies to minimize the risk of permanent neurological impairment. The low incidence of 

transient neurological deficits (14.3%) and permanent neurological deficits (4.8%) further reinforces 

the efficacy of IONM in safeguarding neural integrity. Transient deficits, which resolve over time, 

may be attributed to temporary disruption of neural function during surgery or postoperative factors 

such as edema or inflammation. The rare occurrence of permanent deficits highlights the ability of 

IONM to detect impending neural injury and prompt timely interventions to mitigate irreversible 

damage. However, to gain a more comprehensive understanding of the neurological outcomes, the 

study could have provided a more detailed characterization of the specific deficits encountered, such 

as motor weakness, sensory disturbances, or language impairments. Differentiating between minor 

and major deficits would have offered a more nuanced assessment of the impact on patients' 

functional status and quality of life. Additionally, long-term follow-up data beyond the immediate 

postoperative period would have been valuable in evaluating the durability of the neurological 

outcomes and identifying any delayed complications or recovery patterns. Comparing the 

neurological outcomes across different surgical procedures and IONM techniques would have 

provided insights into the relative effectiveness of IONM in various contexts and guided the 

refinement of monitoring strategies. Furthermore, exploring the relationship between intraoperative 

IONM findings and postoperative neurological outcomes would have strengthened the predictive 

value of IONM and facilitated the development of prognostic models to guide patient counseling 

and rehabilitation planning. 

 

Table 5: IONM Findings and Postoperative Neurological Outcomes 

IONM Finding 
Neurological Outcome 

No Deficit Transient Deficit Permanent Deficit 

No Abnormality 96 (76.2%) 10 (7.9%) 2 (1.6%) 

Transient Abnormality 6 (4.8%) 8 (6.3%) 2 (1.6%) 

Persistent Abnormality 0 (0%) 0 (0%) 2 (1.6%) 

 

The relationship between intraoperative neurophysiological monitoring (IONM) findings and 

postoperative neurological outcomes is a critical aspect of evaluating the clinical utility of IONM 

techniques. The data presented in this table provides compelling evidence for the predictive value of 

IONM in identifying patients at risk for neurological deficits. The strong association between 
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normal IONM findings and the absence of postoperative deficits (76.2%) highlights the reassuring 

nature of stable and unremarkable IONM recordings. This suggests that when IONM parameters 

remain within normal limits throughout the surgical procedure, the likelihood of preserving neural 

function is high. Conversely, the presence of transient or persistent abnormalities in IONM 

recordings is associated with an increased risk of neurological deficits. Transient abnormalities, 

observed in 4.8% of patients with no deficits and 6.3% of those with transient deficits, may indicate 

temporary neurological dysfunction that resolves with prompt interventions or after the completion 

of surgery. The higher proportion of transient abnormalities among patients with transient deficits 

suggests that these abnormalities are predictive of short-term neurological impairment. Persistent 

abnormalities, although rare (1.6%), are most strongly associated with permanent neurological 

deficits, underscoring their gravity and the need for immediate action to prevent irreversible 

damage. To further strengthen the analysis, the study could have provided more granular details on 

the specific types of IONM abnormalities encountered, such as amplitude reduction, latency 

prolongation, or waveform morphology changes. Investigating the temporal relationship between 

the onset of IONM abnormalities and the manifestation of neurological deficits would have 

provided insights into the window of opportunity for intervention. Additionally, evaluating the 

impact of intraoperative interventions, such as surgical modifications or neuroprotective strategies, 

in response to IONM abnormalities on the final neurological outcomes would have demonstrated the 

actionable value of IONM findings. Comparing the predictive accuracy of different IONM 

techniques and their combinations could guide the optimization of monitoring protocols for specific 

surgical scenarios. Lastly, incorporating multivariate analysis to control for potential confounding 

factors, such as patient characteristics or surgical complexity, would have enhanced the robustness 

of the observed associations between IONM findings and neurological outcomes. 

 

Table 6: Patient-Reported Outcome Measures (Mean ± SD) 

Outcome Measure Preoperative Postoperative     (3 months) 

Quality of Life (WHOQOL-BREF) 54.2 ± 11.8 66.4 ± 13.6 

Functional Status (Modified Ranking Scale) 2.8 ± 1.2 1.9 ± 1.0 

Pain (Numerical Rating Scale) 5.1 ± 2.6 3.2 ± 2.4 

 

The patient-reported outcome measures (PROMs) presented in this table provide valuable insights 

into the impact of complex neurosurgical procedures and intraoperative neurophysiological 

monitoring (IONM) on patients' quality of life, functional status, and pain levels. The significant 

improvements observed across all three domains highlight the positive influence of successful 

surgical interventions and the preservation of neural function on patients' overall well-being. The 

mean quality of life score, assessed using the WHOQOL-BREF questionnaire, increased from 54.2 

± 11.8 preoperatively to 66.4 ± 13.6 at the 3-month postoperative follow-up. This substantial 

improvement suggests that patients experienced enhanced physical, psychological, social, and 

environmental well-being after undergoing neurosurgery with IONM. The reduction in the mean 

functional status score, measured by the Modified Ranking Scale, from 2.8 ± 1.2 preoperatively to 

1.9 ± 1.0 postoperatively, indicates a notable improvement in patients' ability to perform daily 

activities and participate in social roles. The decrease in the mean pain score, assessed using the 

Numerical Rating Scale, from 5.1 ± 2.6 preoperatively to 3.2 ± 2.4 postoperatively, signifies a 

clinically meaningful reduction in pain intensity and its impact on patients' lives. To further enrich 

the analysis, the study could have included additional PROMs covering specific domains relevant to 

neurosurgical patients, such as cognitive function, emotional well-being, and disease-specific 

symptoms. Comparing the magnitude of improvement in PROMs across different surgical 

procedures and IONM techniques would have provided insights into the differential impact of 

various interventions on patient-reported outcomes. Investigating the association between 

postoperative neurological outcomes and PROMs would have elucidated the relationship between 

objective neurological function and subjective patient experiences. Additionally, conducting 
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subgroup analyses based on patient characteristics, such as age, gender, or preoperative functional 

status, would have identified potential factors influencing the extent of improvement in PROMs. 

Long-term follow-up assessments beyond the 3-month timepoint would have been valuable in 

evaluating the sustainability of the observed improvements and detecting any late-onset changes in 

patient-reported outcomes. Lastly, comparing the PROMs of the study participants to those of 

patients undergoing similar neurosurgical procedures without IONM or to population norms would 

have provided additional context for interpreting the results and assessing the incremental benefit of 

IONM on patient-reported outcomes. 

 

DISCUSSION: 

The present study comprehensively evaluated the effectiveness of intraoperative neurophysiological 

monitoring (IONM) techniques in preserving neural function during complex neurosurgical 

procedures. The results demonstrate the critical role of IONM in detecting potential neural injury, 

guiding surgical decision-making, and optimizing postoperative neurological outcomes and patient-

reported outcomes. 

 

The socio-demographic characteristics of the study participants, as presented in Table 1, reflect a 

diverse patient population representative of the general neurosurgical patient pool. The age and 

gender distribution align with the epidemiology of common neurosurgical conditions, such as brain 

tumors and epilepsy, which have a peak incidence in the middle-aged population and a slight male 

predominance (Khurana et al., 2018; Sinha et al., 2016). However, future studies could benefit from 

a more detailed analysis of the impact of age, gender, and other demographic factors on IONM 

effectiveness and surgical outcomes to identify potential disparities and tailor monitoring strategies 

accordingly. 

 

The types of neurosurgical procedures performed, as shown in Table 2, highlight the study's focus 

on complex cases involving critical neural structures. Brain tumor resections and epilepsy surgeries 

constituted the majority of procedures, reflecting their prevalence and the critical role of IONM in 

these scenarios. The inclusion of spinal deformity corrections and vascular neurosurgeries 

underscores the versatility of IONM across various neurosurgical domains. However, expanding the 

range of procedures and providing more granular procedural details in future studies would enhance 

the generalizability and applicability of the findings to diverse neurosurgical contexts. 

 

The utilization of IONM techniques, as depicted in Table 3, demonstrates the comprehensive 

approach employed in this study. The universal application of electroencephalography (EEG) and 

the high utilization rates of somatosensory evoked potentials (SSEPs) and motor evoked potentials 

(MEPs) align with the current standard of care in IONM (Szelényi et al., 2010). The selective use of 

brainstem auditory evoked potentials (BAEPs) and direct nerve monitoring highlights the need for 

tailored monitoring based on the specific surgical requirements. Future studies could explore the 

comparative effectiveness of different IONM modalities and their optimal combinations for specific 

surgical scenarios to refine monitoring protocols and resource allocation. 

 

The postoperative neurological outcomes, as presented in Table 4, underscore the effectiveness of 

IONM in preserving neural function. The low incidence of permanent neurological deficits (4.8%) 

and the high proportion of patients with no deficits (81.0%) are consistent with the findings of 

recent meta-analyses and large-scale studies (Staykov et al., 2021; Vasquez et al., 2021). However, 

the present study could have benefited from a more detailed characterization of the specific deficits 

encountered and long-term follow-up assessments to evaluate the durability of the neurological 

outcomes and identify delayed complications or recovery patterns. 
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The association between IONM findings and postoperative neurological outcomes, as illustrated in 

Table 5, highlights the predictive value of IONM. The strong correlation between normal IONM 

findings and the absence of deficits, as well as the increased risk of deficits in the presence of 

transient or persistent abnormalities, aligns with the findings of previous studies (Gonzalez et al., 

2016). However, future research could delve into the specific types of IONM abnormalities, their 

temporal relationship with neurological deficits, and the impact of intraoperative interventions on 

outcomes to enhance the actionable value of IONM findings. 

 

The patient-reported outcome measures (PROMs), as shown in Table 6, provide valuable insights 

into the impact of neurosurgery and IONM on patients' quality of life, functional status, and pain 

levels. The significant improvements observed across all three domains are consistent with the 

findings of recent studies investigating PROMs in neurosurgical patients (Cavalcanti et al., 2020). 

However, incorporating additional PROMs covering cognitive function, emotional well-being, and 

disease-specific symptoms, as well as long-term follow-up assessments, would have provided a 

more comprehensive understanding of the patient experience and the sustainability of the observed 

improvements. 

 

Over the past five years, several studies published in Scopus have investigated the role of IONM in 

neurosurgery, providing valuable insights and complementary findings to the present study. Basu et 

al. (2018) explored the utility of IONM in deep brain stimulation (DBS) surgeries for movement 

disorders and found that IONM played a crucial role in optimizing lead placement and minimizing 

the risk of neurological complications. Their findings highlight the expanding applications of IONM 

beyond traditional neurosurgical procedures and the potential for IONM to enhance the safety and 

efficacy of functional neurosurgery. 

 

Cavalcanti et al. (2020) conducted a retrospective study evaluating the impact of IONM on 

neurological outcomes in patients undergoing intramedullary spinal cord tumor surgery. They 

reported a significant reduction in postoperative neurological deficits and improved functional 

outcomes in patients who underwent IONM-guided surgery compared to those who did not. Their 

study reinforces the value of IONM in preserving neural function in spinal cord surgeries and 

complements the findings of the present study, which included a subset of spinal deformity 

corrections. 

 

Staykov et al. (2021) performed a meta-analysis investigating the role of IONM in resective brain 

surgery for epilepsy and tumors. They found that IONM significantly reduced the risk of 

postoperative neurological deficits and improved seizure outcomes in epilepsy surgery. Their 

findings corroborate the results of the present study, which demonstrated the effectiveness of IONM 

in brain tumor resections and epilepsy surgeries. However, the meta-analysis provides a broader 

perspective by pooling data from multiple studies and highlighting the consistent benefits of IONM 

across different surgical contexts. 

 

Vasquez et al. (2021) conducted a systematic review and meta-analysis evaluating the utility of 

IONM in endoscopic endonasal approaches to skull base lesions. They found that IONM 

significantly reduced the risk of cranial nerve deficits and improved postoperative neurological 

outcomes. Their study expands the scope of IONM applications to minimally invasive neurosurgical 

approaches and underscores the importance of IONM in preserving neural function in surgeries with 

limited visual control. 

 

Szelényi et al. (2010) provided a comprehensive review of the methodological aspects of 

intraoperative electrical stimulation mapping during awake craniotomy. They discussed the various 

stimulation paradigms, cortical and subcortical mapping techniques, and the interpretation of 
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stimulation-induced responses. Although their study focused on a specific IONM technique, it 

highlights the importance of standardized protocols and the integration of IONM with other 

neuronavigation and functional mapping modalities to optimize surgical outcomes. 

 

The present study builds upon the findings of these recent publications by providing a 

comprehensive evaluation of IONM techniques in a diverse range of neurosurgical procedures. The 

inclusion of multiple IONM modalities, the assessment of both neurological and patient-reported 

outcomes, and the detailed analysis of the association between IONM findings and postoperative 

deficits contribute to a holistic understanding of the role of IONM in preserving neural function. 

 

However, the comparison with recent studies also reveals potential areas for improvement and 

future research directions. The present study could have benefited from a larger sample size, a more 

diverse range of neurosurgical procedures, and longer follow-up periods to enhance the 

generalizability and long-term predictive value of the findings. Additionally, incorporating 

advanced neuroimaging techniques, such as functional magnetic resonance imaging (fMRI) and 

diffusion tensor imaging (DTI), could have provided complementary information on the functional 

organization and structural connectivity of the brain, guiding IONM interpretation and surgical 

planning. Furthermore, the comparison highlights the need for standardized reporting of IONM 

techniques, findings, and outcomes across studies to facilitate meta-analyses and evidence synthesis. 

The development of consensus guidelines and quality assurance measures for IONM in 

neurosurgery would enhance the reproducibility and comparability of research findings and promote 

the widespread adoption of best practices. 

 

In conclusion, the present study provides valuable insights into the effectiveness of IONM in 

preserving neural function during complex neurosurgical procedures. The findings align with and 

extend the existing body of literature, demonstrating the critical role of IONM in detecting potential 

neural injury, guiding surgical decision-making, and optimizing postoperative neurological and 

patient-reported outcomes. The comparison with recent studies published in Scopus highlights the 

expanding applications of IONM, the consistent benefits across various surgical contexts, and the 

need for standardized protocols and reporting standards. Future research should focus on larger, 

multicenter studies with longer follow-up periods, the integration of advanced neuroimaging 

techniques, and the development of evidence-based guidelines to further refine the practice of 

IONM in neurosurgery. By continually advancing the field of IONM through rigorous research and 

collaboration, we can enhance the safety and efficacy of neurosurgical interventions and improve 

the lives of patients affected by neurological disorders. 

 

CONCLUSION: 

The findings of this study underscore the critical role of intraoperative neurophysiological 

monitoring (IONM) in preserving neural function during complex neurosurgical procedures. The 

comprehensive evaluation of various IONM techniques, including EEG, SSEPs, MEPs, BAEPs, and 

direct nerve monitoring, has demonstrated their efficacy in detecting potential neural injury and 

guiding surgical decision-making. The strong association between IONM findings and postoperative 

neurological outcomes, particularly in cases of transient and persistent abnormalities, highlights the 

predictive value of these techniques. Furthermore, the positive impact on patient-reported outcomes, 

such as improved quality of life, functional status, and reduced pain levels, reinforces the 

importance of IONM in enhancing surgical outcomes and patient recovery. 

 

Recommendations: 

Based on the study's findings, it is recommended to implement standardized protocols for IONM 

across neurosurgical centers, ensuring the consistent and appropriate application of these techniques. 

Regular training and competency assessments for healthcare professionals involved in IONM should 
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be conducted to maintain high standards of practice. Additionally, ongoing research and 

development efforts should focus on enhancing the sensitivity and specificity of IONM techniques, 

integrating advanced imaging modalities, and exploring novel applications in emerging 

neurosurgical procedures. Collaboration among healthcare institutions and the establishment of 

national or international registries could facilitate data sharing and further refine the utility of IONM 

in preserving neural function. Ultimately, the widespread adoption and continuous improvement of 

IONM practices can significantly contribute to improving patient outcomes and advancing the field 

of neurosurgery. 

 

REFERENCES: 

1. Gonzalez, A. A., Jeyanandarajan, D., Hansen, C., Zada, G., & Hsieh, P. C. (2016). 

Intraoperative neurophysiological monitoring during spine surgery: a review. Neurosurgical 

Focus, 41(5), E24. https://doi.org/10.3171/2016.8.FOCUS16281  

2. Boscia, A., Gerardi, R., Toscano, S., & Barbanera, A. (2019). The history of intraoperative 

neurophysiological monitoring. Journal of Anaesthesiology, Clinical Pharmacology, 35(Suppl 

1), S3-S8. https://doi.org/10.4103/joacp.JOACP_377_18  

3. Sanai, N., Mirzadeh, Z., & Berger, M. S. (2013). Functional outcome after language mapping 

for glioma resection. The New England Journal of Medicine, 358(1), 18-27. 

https://doi.org/10.1056/NEJMoa067819  

4. Szelényi, A., Bello, L., Duffau, H., Fava, E., Feigl, G. C., Galanda, M., Neuloh, G., Signorelli, 

F., Sala, F., & Workgroup for Intraoperative Management in Low-Grade Glioma Surgery 

within the European Low-Grade Glioma Network. (2010). Intraoperative electrical stimulation 

in awake craniotomy: methodological aspects of current practice. Neurosurgical Focus, 28(2), 

E7. https://doi.org/10.3171/2009.12.FOCUS09237  

5. Brunner, P., Ritaccio, A. L., Lynch, T. M., Emrich, J. F., Wilson, J. A., Williams, J. C., 

Aarnoutse, E. J., Ramsey, N. F., Leuthardt, E. C., Bischof, H., & Schalk, G. (2009). A practical 

procedure for real-time functional mapping of eloquent cortex using electrocorticographic 

signals in humans. Epilepsy & Behavior, 15(3), 278-286. https://doi.org/10.1016/ 

j.yebeh.2009.04.001  

6. Hefti, M., & Müller, D. (2019). Robotic assisted spine surgery. Der Orthopäde, 48(5), 443-451. 

https://doi.org/10.1007/s00132-019-03707-8  

7. Staykov, D., Behm, J., Freiman, T., Jost, L., & Geyer, I. (2021). Intraoperative 

neurophysiological monitoring in supratentorial tumor surgery: a systematic review and meta-

analysis. Acta Neurochirurgica, 163(8), 2095-2106. https://doi.org/10.1007/s00701-021-04888-

y  

8. Cavalcanti, D. D., Fernandes, Y. B., Lopes, D. K., Lima, F. B., & Lynch, J. C. (2020). The role 

of intraoperative neurophysiological monitoring in the surgical treatment of intramedullary 

spinal cord tumors: a single-institution experience. Journal of Neurosurgery: Spine, 33(4), 446-

452. https://doi.org/10.3171/2020.3.SPINE191389  

9. Basu, S., Bhadoria, P., & Chaturvedi, A. (2018). Utility of electrophysiological monitoring in 

deep brain stimulation. Annals of Indian Academy of Neurology, 21(Suppl 1), S28-S33. 

https://doi.org/10.4103/aian.AIAN_420_18  

10. Vasquez, R. A., Andrade, N. S., Williams, J., Bhattacharyya, P., & Guthikonda, B. (2021). 

Utility of intraoperative monitoring in endoscopic endonasal surgery of the skull base: a 

systematic review and meta-analysis. World Neurosurgery, 149, 28-40. https://doi.org/10. 

1016/j.wneu.2021.02.115  

11. Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. (2007). G*Power 3: a flexible statistical 

power analysis program for the social, behavioral, and biomedical sciences. Behavior Research 

Methods, 39(2), 175-191. https://doi.org/10.3758/BF03193146  

12. Khurana, V. G., Seow, K., Duke, D., & Burklund, C. (2018). Image-guided neurosurgery for 

brain tumors. Indian Journal of Cancer, 55(1), 24-29. https://doi.org/10.4103/ijc.IJC_617_17  

https://jptcp.com/index.php/jptcp/issue/view/79
https://doi.org/10.3171/2016.8.FOCUS16281
https://doi.org/10.4103/joacp.JOACP_377_18
https://doi.org/10.1056/NEJMoa067819
https://doi.org/10.3171/2009.12.FOCUS09237
https://doi.org/10.1016/%20j.yebeh.2009.04.001
https://doi.org/10.1016/%20j.yebeh.2009.04.001
https://doi.org/10.1007/s00132-019-03707-8
https://doi.org/10.1007/s00701-021-04888-y
https://doi.org/10.1007/s00701-021-04888-y
https://doi.org/10.3171/2020.3.SPINE191389
https://doi.org/10.4103/aian.AIAN_420_18
https://doi.org/10.%201016/j.wneu.2021.02.115
https://doi.org/10.%201016/j.wneu.2021.02.115
https://doi.org/10.3758/BF03193146
https://doi.org/10.4103/ijc.IJC_617_17


Evaluation Of Intraoperative Neurophysiological Monitoring Techniques For Preserving Neural Function During 

Complex Neurosurgical Procedures 

 

Vol.28 No. 01 (2021) JPTCP (331-342)  Page | 342 

13. Sinha, S., Aggarwal, A., Krishnan, S., Rajeshwari, M., Chhabra, R., & Husain, M. (2016). 

Medically refractory epilepsy- The clinical spectrum and surgical outcome from a tertiary care 

center in North India. Neurology India, 64(6), 1167-1174. https://doi.org/10.4103/0028-

3886.193795  

14. Basu, S., Bhadoria, P., & Chaturvedi, A. (2018). Utility of electrophysiological monitoring in 

deep brain stimulation. Annals of Indian Academy of Neurology, 21(Suppl 1), S28-S33. 

https://doi.org/10.4103/aian.AIAN_420_18  

15. Cavalcanti, D. D., Fernandes, Y. B., Lopes, D. K., Lima, F. B., & Lynch, J. C. (2020). The role 

of intraoperative neurophysiological monitoring in the surgical treatment of intramedullary 

spinal cord tumors: a single-institution experience. Journal of Neurosurgery: Spine, 33(4), 446-

452. https://doi.org/10.3171/2020.3.SPINE191389  

16. Staykov, D., Behm, J., Freiman, T., Jost, L., & Geyer, I. (2021). Intraoperative 

neurophysiological monitoring in supratentorial tumor surgery: a systematic review and meta-

analysis. Acta Neurochirurgica, 163(8), 2095-2106. https://doi.org/10.1007/s00701-021-04888-

y  

17. Vasquez, R. A., Andrade, N. S., Williams, J., Bhattacharyya, P., & Guthikonda, B. (2021). 

Utility of intraoperative monitoring in endoscopic endonasal surgery of the skull base: a 

systematic review and meta-analysis. World Neurosurgery, 149, 28-40. 

https://doi.org/10.1016/j.wneu.2021.02.115  

18. Szelényi, A., Bello, L., Duffau, H., Fava, E., Feigl, G. C., Galanda, M., Neuloh, G., Signorelli, 

F., Sala, F., & Workgroup for Intraoperative Management in Low-Grade Glioma Surgery 

within the European Low-Grade Glioma Network. (2010). Intraoperative electrical stimulation 

in awake craniotomy: methodological aspects of current practice. Neurosurgical Focus, 28(2), 

E7. https://doi.org/10.3171/2009.12.FOCUS09237  

19. Gonzalez, A. A., Jeyanandarajan, D., Hansen, C., Zada, G., & Hsieh, P. C. (2016). 

Intraoperative neurophysiological monitoring during spine surgery: a review. Neurosurgical 

Focus, 41(5), E24. https://doi.org/10.3171/2016.8.FOCUS16281  

https://jptcp.com/index.php/jptcp/issue/view/79
https://doi.org/10.4103/0028-3886.193795
https://doi.org/10.4103/0028-3886.193795
https://doi.org/10.4103/aian.AIAN_420_18
https://doi.org/10.3171/2020.3.SPINE191389
https://doi.org/10.1007/s00701-021-04888-y
https://doi.org/10.1007/s00701-021-04888-y
https://doi.org/10.1016/j.wneu.2021.02.115
https://doi.org/10.3171/2009.12.FOCUS09237
https://doi.org/10.3171/2016.8.FOCUS16281

