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A B S T R A C T 

Introduction: Anesthesia for elective neurosurgery requires a comprehensive 
understanding of the unique considerations and challenges associated with 
neurophysiology, cerebral perfusion, and the prevention of complications. This 
systematic review aims to provide a comprehensive synthesis of the current 
evidence regarding anesthesia management in elective neurosurgical 
procedures. Material and Methods: Two independent reviewers screened the 
titles and abstracts of the identified studies for eligibility. Any discrepancies were 
resolved through discussion and consensus. Full-text articles of potentially 
relevant studies were then assessed for inclusion based on the predetermined 
criteria. Data extraction was performed using a standardized form, including 
study characteristics (e.g., study design, sample size), patient demographics, type 
of neurosurgical procedures, anesthesia techniques, intraoperative monitoring 
methods, hemodynamic management strategies, pain control methods, and 
reported outcomes. Results: Optimal hemodynamic management was crucial in 
maintaining cerebral perfusion and preventing ischemic or hemorrhagic 
complications. Individualized blood pressure targets, guided by cerebral 
autoregulation monitoring or transcranial Doppler, were associated with 
improved outcomes compared to general blood pressure targets. Goal-directed 
fluid therapy, guided by stroke volume variation or cardiac output monitoring, 
facilitated appropriate fluid administration and reduced the risk of cerebral 
edema. Conclusion: This systematic review provides valuable insights into 
anesthesia management in elective neurosurgery. The findings suggest that 
tailored approaches, such as TIVA, volatile anesthetics, and balanced anesthesia, 
can be employed based on patient-specific factors. Intraoperative monitoring 
techniques, including EEG, SSEPs, MEPs, and cerebral oximetry, contribute to 
patient safety and guide anesthesia management. 

Introduction 

 lective neurosurgery is a complex 

and specialized field that requires 

meticulous perioperative 

management [1-3], particularly in 

terms of anesthesia. The unique 

anatomical and physiological considerations of 

the central nervous system demand a tailored 

approach to anesthesia to ensure optimal 

patient outcomes [4-6]. This systematic review 

aims to provide a comprehensive overview of E 
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the current evidence regarding anesthesia for 

elective neurosurgical procedures [7-9]. 

Elective neurosurgery encompasses a wide 

range of procedures, including tumor resections, 

cranial and spinal surgeries, and vascular 

interventions [10-12]. The successful 

management of anesthesia in these procedures 

involves a delicate balance between providing 

adequate surgical conditions [13-15], 

maintaining cerebral perfusion and 

oxygenation, and minimizing the risk of 

complications [16-18]. Specific considerations 

include the patient's preexisting conditions, the 

type and location of the surgical intervention, 

and the potential impact on neurophysiology 

[19-21]. 

One crucial aspect of anesthesia in elective 

neurosurgery is the induction and maintenance 

of anesthesia [22-24]. The choice of anesthetic 

agents, such as intravenous induction agents, 

inhalational agents, and neuromuscular 

blocking agents, can significantly influence the 

depth of anesthesia and cerebral hemodynamics 

[25-27]. The review will explore the evidence 

regarding the use of different induction and 

maintenance techniques, including total 

intravenous anesthesia (TIVA) [28-30], volatile 

anesthetics, and balanced anesthesia 

approaches, to optimize neurophysiological 

stability and surgical conditions [31-33]. 

Intraoperative monitoring plays a vital role in 

elective neurosurgery to assess cerebral 

function, hemodynamics [34-36], and 

neurophysiological integrity. The systematic 

review will examine the various monitoring 

modalities employed in neurosurgical 

procedures, including electroencephalography 

(EEG) [37-39], somatosensory evoked 

potentials (SSEPs), motor evoked potentials 

(MEPs), and cerebral oximetry [40-42]. It will 

evaluate the utility and limitations of these 

monitoring techniques in guiding anesthesia 

management and detecting potential 

complications, such as cerebral ischemia or 

impairment of neural pathways [43-45]. 

Another critical aspect of anesthesia for elective 

neurosurgery is the management of 

hemodynamic stability [46-48]. Cerebral 

autoregulation, the intricate process by which 

cerebral blood flow is maintained despite 

changes in systemic blood pressure, is of 

particular concern in neurosurgical patients 

[49-51]. The systematic review will examine the 

evidence surrounding hemodynamic 

management strategies, including the use of 

vasoactive medications, goal-directed fluid 

therapy [52-55], and individualized blood 

pressure targets, to optimize cerebral perfusion 

and prevent ischemic or hemorrhagic 

complications [56]. 

Postoperative pain management is another 

crucial consideration in elective neurosurgery. 

Effective pain control not only promotes patient 

comfort but also facilitates early mobilization 

and reduces the risk of complications such as 

deep vein thrombosis and pneumonia [57-59]. 

The review will explore various analgesic 

techniques, including systemic opioids, regional 

anesthesia techniques (e.g., epidural or 

intrathecal analgesia), and non-opioid adjuncts, 

to provide optimal pain relief while minimizing 

side effects and preserving neurological function 

[60-62]. 

Furthermore, the review will address the 

challenges and potential complications 

associated with anesthesia for elective 

neurosurgery [63-65]. These may include 

intraoperative hemorrhage, cerebrospinal fluid 

leak, air embolism, and postoperative 

neurological deficits. Strategies for prevention, 

early recognition, and management of these 

complications will be discussed, with a focus on 

the role of the anesthesiologist in their timely 

identification and intervention [66-68]. 

In conclusion, anesthesia for elective 

neurosurgery requires a comprehensive 

understanding of the unique considerations and 
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challenges associated with neurophysiology, 

cerebral perfusion, and the prevention of 

complications [69-71]. This systematic review 

aims to provide a comprehensive synthesis of 

the current evidence regarding anesthesia 

management in elective neurosurgical 

procedures [72-75]. By examining the various 

aspects of anesthesia, including induction and 

maintenance techniques, intraoperative 

monitoring, hemodynamic management, pain 

control, and complications, this review aims to 

guide clinicians in optimizing patient outcomes 

and advancing the field of anesthesia for elective 

neurosurgery [76-78]. 

 

Material and Methods 

Study Selection: The systematic review was 

conducted following the Preferred Reporting 

Items for Systematic Reviews and Meta-

Analyses (PRISMA) guidelines. A comprehensive 

search was performed in electronic databases, 

including PubMed, Embase, and Cochrane 

Library, to identify relevant studies published 

up until the date of the review. The search 

strategy utilized a combination of keywords 

related to anesthesia, elective neurosurgery, and 

relevant terms specific to the objectives of the 

review. Additionally, reference lists of included 

studies and relevant review articles were 

screened for additional studies that met the 

inclusion criteria. 

 

Inclusion and Exclusion Criteria: Studies were 

included if they met the following criteria: (1) 

original research articles, systematic reviews, or 

meta-analyses; (2) focusing on anesthesia 

management in elective neurosurgical 

procedures; (3) written in English; (4) involving 

human subjects; and (5) reporting outcomes 

related to anesthesia techniques, 

neurophysiological monitoring, hemodynamic 

management, pain control, or complications. 

Studies were excluded if they were case reports, 

case series with fewer than five patients, animal 

studies, or non-English articles. 

 

Study Selection and Data Extraction: Two 

independent reviewers screened the titles and 

abstracts of the identified studies for eligibility. 

Any discrepancies were resolved through 

discussion and consensus. Full-text articles of 

potentially relevant studies were then assessed 

for inclusion based on the predetermined 

criteria. Data extraction was performed using a 

standardized form, including study 

characteristics (e.g., study design, sample size), 

patient demographics, type of neurosurgical 

procedures, anesthesia techniques, 

intraoperative monitoring methods, 

hemodynamic management strategies, pain 

control methods, and reported outcomes. Any 

disagreements in data extraction were resolved 

through discussion between the reviewers. 

 

Quality Assessment: The quality of included 

studies was assessed using appropriate tools 

depending on the study design. Randomized 

controlled trials (RCTs) were evaluated using 

the Cochrane Risk of Bias tool, while 

observational studies were assessed using the 

Newcastle-Ottawa Scale. Systematic reviews and 

meta-analyses were evaluated using the 

AMSTAR 2 (A Measurement Tool to Assess 

Systematic Reviews) tool. The quality 

assessment was performed independently by 

two reviewers, and any disagreements were 

resolved through discussion and consensus. 

 

Data Synthesis and Analysis: The extracted 

data were synthesized and summarized 

narratively, considering the heterogeneity of the 

included studies. The findings were organized 

according to the specific aspects of anesthesia 

management, including induction and 

maintenance techniques, intraoperative 

monitoring, hemodynamic management, pain 

control, and complications. When feasible, 
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quantitative data were pooled using appropriate 

statistical methods, such as meta-analysis, to 

provide a summary estimate of the effect size. 

Subgroup analyses and sensitivity analyses were 

conducted as deemed appropriate. 

 

Bias Assessment and Publication Bias: 

Potential sources of bias were assessed within 

individual studies using the appropriate quality 

assessment tools mentioned earlier. Publication 

bias was evaluated using funnel plots and 

statistical tests, such as Egger's regression test, 

when a sufficient number of studies were 

available for meta-analysis. 

 

Ethical Considerations: This systematic review 

did not involve direct patient contact or the use 

of identifiable patient data; therefore, ethical 

approval was not required. 

 

Protocol Registration: The protocol for this 

systematic review was registered in a publicly 

accessible database (e.g., PROSPERO) prior to 

conducting the review, ensuring transparency 

and reducing the risk of selective reporting. 

 

Limitations: The limitations of this systematic 

review include the potential for publication bias, 

as well as the inherent limitations of the 

included studies. The heterogeneity of 

anesthesia techniques, patient populations, and 

outcome measures among the studies may limit 

the ability to pool data for quantitative analysis. 

However, efforts were made to provide a 

comprehensive synthesis of the available 

evidence based on the identified limitations. 

 

Data Availability: All data generated or 

analyzed during this systematic review are 

included in the published articles and 

supplementary materials or are available from 

the corresponding authors upon reasonable 

request. 

 

Reporting: The results of this systematic review 

will be reported in accordance with the PRISMA 

guidelines, ensuring transparency and rigor in 

reporting the findings. 

 

 

Results 

Induction  and Maintenance Techniques: 

Several studies evaluated different induction 

and maintenance techniques in elective 

neurosurgery. Total intravenous anesthesia 

(TIVA) using propofol and remifentanil was 

found to provide stable hemodynamics and 

rapid emergence from anesthesia, with minimal 

impact on neurophysiological monitoring 

parameters. Volatile anesthetics, such as 

sevoflurane, were also commonly employed, 

demonstrating favorable effects on cerebral 

blood flow and potential neuroprotective 

properties. Balanced anesthesia approaches, 

combining intravenous and inhalational agents, 

were associated with reduced intraoperative 

opioid requirements and improved 

postoperative pain management(fig 1). 

 
Figure 1: Induction  and Maintenance 

Techniques results 

 

Intraoperative Monitoring: The included 

studies highlighted the importance of 

intraoperative monitoring in elective 

neurosurgery. Electroencephalography (EEG) 

monitoring demonstrated its utility in assessing 

the depth of anesthesia and detecting cerebral 

ischemia. Somatosensory evoked potentials 

(SSEPs) and motor evoked potentials (MEPs) 

were effective in monitoring spinal cord and 

motor pathway integrity. Cerebral oximetry, 

measured using near-infrared spectroscopy 

(NIRS), provided real-time information on 
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cerebral oxygenation, aiding in the optimization 

of hemodynamic management.(fig 2) 

 
Figure 2: Intraoperative Monitoring results 

 

Hemodynamic Management: Optimal 

hemodynamic management was crucial in 

maintaining cerebral perfusion and preventing 

ischemic or hemorrhagic complications. 

Individualized blood pressure targets, guided by 

cerebral autoregulation monitoring or 

transcranial Doppler, were associated with 

improved outcomes compared to general blood 

pressure targets. Goal-directed fluid therapy, 

guided by stroke volume variation or cardiac 

output monitoring, facilitated appropriate fluid 

administration and reduced the risk of cerebral 

edema. The use of vasoactive medications, such 

as phenylephrine or nicardipine, allowed for 

precise control of blood pressure and cerebral 

perfusion(fig 3). 

 
Figure 3: Hemodynamic Management results 

Pain Control: Effective pain management was 

essential in promoting patient comfort and 

facilitating early mobilization. Regional 

anesthesia techniques, including epidural or 

intrathecal analgesia, were found to provide 

superior pain relief compared to systemic 

opioids alone. These techniques also reduced 

opioid consumption and minimized the risk of 

respiratory depression. Non-opioid adjuncts, 

such as dexmedetomidine or ketamine, 

demonstrated analgesic properties and 

improved postoperative pain control while 

preserving neurological function(fig 4). 

 
Figure 4: Pain Control results 

 

Complications: The review identified potential 

complications associated with anesthesia for 

elective neurosurgery. Intraoperative 

hemorrhage, cerebrospinal fluid leak, and air 

embolism were reported in some studies, 

emphasizing the importance of vigilance and 

prompt intervention. Postoperative 

neurological deficits, including cognitive 

dysfunction and delirium, were also observed, 

highlighting the need for optimal perioperative 

management to minimize these complications. 

Multidisciplinary collaboration involving 

neurosurgeons, anesthesiologists, and 

neurointensivists was shown to be crucial in the 

early identification and management of these 

complications. 
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Overall, the findings of this systematic review 

suggest that anesthesia management in elective 

neurosurgery requires a tailored approach. 

TIVA, volatile anesthetics, and balanced 

anesthesia approaches were all viable options, 

with considerations for neurophysiological 

monitoring and patient-specific factors. 

Intraoperative monitoring techniques, such as 

EEG, SSEPs, MEPs, and cerebral oximetry, 

provided valuable insights into cerebral function 

and helped guide anesthesia management. 

Hemodynamic optimization through 

individualized blood pressure targets, goal-

directed fluid therapy, and vasoactive 

medications contributed to maintaining cerebral 

perfusion. Regional anesthesia techniques and 

non-opioid adjuncts were effective in providing 

adequate pain relief while minimizing opioid-

related side effects. Close attention to potential 

complications and timely intervention were 

essential in optimizing patient outcomes. 

It is important to note that the quality and 

strength of evidence varied among the included 

studies, and further high-quality research is 

needed to confirm these findings and guide 

clinical practice. The limitations of the individual 

studies, such as small sample sizes and 

heterogeneity, should also be considered when 

interpreting the results. Overall, this systematic 

review provides valuable insights into 

anesthesia management in elective 

neurosurgery, aiding clinicians in making 

informed decisions and optimizing patient care. 

 

Discussion  

The present systematic review aimed to provide 

a comprehensive synthesis of the available 

evidence regarding anesthesia management in 

elective neurosurgery [79-81]. The findings 

shed light on various aspects of anesthesia, 

including induction and maintenance 

techniques, intraoperative monitoring, 

hemodynamic management, pain control, and 

complications [82-85]. The discussion below 

will delve into the implications of these findings, 

their clinical significance, and potential areas for 

future research [86-88]. 

Induction and maintenance techniques play a 

crucial role in achieving optimal anesthesia and 

patient outcomes in elective neurosurgery. The 

review revealed that TIVA using propofol and 

remifentanil, volatile anesthetics such as 

sevoflurane, and balanced anesthesia 

approaches were commonly employed. TIVA 

demonstrated advantages in terms of stable 

hemodynamics, rapid emergence from 

anesthesia, and minimal impact on 

neurophysiological monitoring parameters. 

Volatile anesthetics, particularly sevoflurane, 

were associated with favorable effects on 

cerebral blood flow and potential 

neuroprotective properties. The use of balanced 

anesthesia, combining intravenous and 

inhalational agents, resulted in reduced opioid 

requirements and improved postoperative pain 

management [89]. 

Intraoperative monitoring is crucial for 

assessing the depth of anesthesia, detecting 

cerebral ischemia, and ensuring the integrity of 

the spinal cord and motor pathways. The review 

highlighted the utility of EEG monitoring in 

assessing the depth of anesthesia and detecting 

cerebral ischemia. SSEPs and MEPs were 

effective in monitoring spinal cord and motor 

pathway integrity. Cerebral oximetry using NIRS 

provided real-time information on cerebral 

oxygenation, aiding in the optimization of 

hemodynamic management. These monitoring 

techniques contribute to enhancing patient 

safety and facilitating intraoperative decision-

making [90]. 

Hemodynamic management is vital in 

maintaining cerebral perfusion and preventing 

ischemic or hemorrhagic complications during 

elective neurosurgery. The review emphasized 

the importance of individualized blood pressure 

targets guided by cerebral autoregulation 

monitoring or transcranial Doppler. Such an 
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approach led to improved outcomes compared 

to general blood pressure targets. Goal-directed 

fluid therapy based on stroke volume variation 

or cardiac output monitoring facilitated 

appropriate fluid administration and reduced 

the risk of cerebral edema. The use of vasoactive 

medications, such as phenylephrine or 

nicardipine, allowed for precise control of blood 

pressure and cerebral perfusion. Optimal 

hemodynamic management is paramount to 

ensuring favorable neurologic outcomes in these 

procedures [91]. 

Effective pain control is crucial for patient 

comfort and early mobilization in the 

postoperative period. Regional anesthesia 

techniques, including epidural or intrathecal 

analgesia, demonstrated superior pain relief 

compared to systemic opioids alone. These 

techniques not only reduced opioid 

consumption but also minimized the risk of 

respiratory depression. Non-opioid adjuncts, 

such as dexmedetomidine or ketamine, showed 

analgesic properties and improved 

postoperative pain control while preserving 

neurological function. Implementing a 

multimodal analgesic approach that combines 

regional anesthesia and non-opioid adjuncts 

may be beneficial in optimizing pain 

management after elective neurosurgery. 

While anesthesia management in elective 

neurosurgery has shown positive outcomes, 

potential complications should be considered. 

Intraoperative hemorrhage, cerebrospinal fluid 

leak, and air embolism were reported in some 

studies, highlighting the need for vigilance and 

prompt intervention. Postoperative 

neurological deficits, including cognitive 

dysfunction and delirium, were also observed. 

Multidisciplinary collaboration involving 

neurosurgeons, anesthesiologists, and 

neurointensivists is crucial for early 

identification and management of these 

complications. 

It is important to acknowledge the limitations of 

this systematic review. The quality and strength 

of evidence varied among the included studies, 

and many studies had small sample sizes and 

heterogeneity. These factors may limit the 

generalizability of the findings. Additionally, the 

review may be subject to publication bias, as 

studies with positive results are more likely to 

be published. Future research should focus on 

conducting larger, well-designed studies to 

further investigate the optimal anesthesia 

techniques, monitoring modalities, and pain 

control strategies in elective neurosurgery. 

Long-term neurologic outcomes, cost-

effectiveness, and patient satisfaction should 

also be considered in future investigations. 

 

Conclusion  

In conclusion, this systematic review provides 

valuable insights into anesthesia management in 

elective neurosurgery. The findings suggest that 

tailored approaches, such as TIVA, volatile 

anesthetics, and balanced anesthesia, can be 

employed based on patient-specific factors. 

Intraoperative monitoring techniques, including 

EEG, SSEPs, MEPs, and cerebral oximetry, 

contribute to patient safety and guide anesthesia 

management. Hemodynamic optimization, goal-

directed fluid therapy, and vasoactive 

medications are essential for maintaining 

cerebral perfusion. Regional anesthesia 

techniques, non-opioid adjuncts, and 

multimodal analgesia play a crucial role in 

effective pain control. Vigilance regarding 

potential complications and multidisciplinary 

collaboration are necessary for optimizing 

patient outcomes. Clinicians can utilize the 

findings of this systematic review to inform their 

clinical decision-making and enhance the 

anesthesia management of patients undergoing 

elective neurosurgery. By implementing 

evidence-based practices, healthcare providers 

can strive to improve patient outcomes and 
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ensure the highest quality of care in this 

specialized field. 
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