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Abstract 

Surgical treatment of brain tumors requires careful selection of the anesthesia method, taking into account tumor location, 

the degree of intracranial hypertension, the patient’s neurological status, and the extent of the surgical intervention. 

Modern techniques include total intravenous anesthesia (TIVA), inhalation anesthesia, combined techniques, as well as 

awake craniotomy. This article analyzes current approaches to anesthetic management, their advantages and limitations, 

and their impact on intraoperative and postoperative outcomes.  
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1. Introduction 

Modern surgical treatment of brain tumors represents a 

high-tech, multidisciplinary process that involves 

neurosurgery, neuroanesthesiology, neurological 

monitoring, and intensive care. The goal of surgery is 

maximal tumor removal while minimizing postoperative 

neurological deficits, which is particularly important for 

tumors located in functionally significant (eloquent) brain 

areas. Achieving this goal critically depends on the choice 

of an optimal anesthesia method, which should ensure 

hemodynamic stability, adequate control of intracranial 

pressure (ICP), minimal impact on cerebral metabolism, and 

the possibility of intraoperative neuromonitoring. 

The literature describes various approaches to anesthesia for 

craniotomies: traditional general anesthesia using inhalation 

or intravenous agents (e.g., sevoflurane, desflurane, 

propofol, and remifentanil), as well as alternative methods 

such as awake craniotomy and combined analgesic 

techniques. 

Awake craniotomy has become widely used for tumors 

located in close proximity to speech, motor, or cognitive 

cortical centers because it allows surgeons to perform 

intraoperative functional monitoring and identify critical 

areas that cannot be damaged without risking permanent 

neurological deficits. This technique is based on current 

understanding of the brain’s neurofunctional topography 

and helps increase the radicality of tumor resection without 
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compromising the patient’s quality of life. However, the 

literature also discusses limitations of this approach, such as 

the more complex organization of anesthetic management 

and the psychological requirements for the patient. 

On the other hand, general anesthesia methods, such as total 

intravenous anesthesia (TIVA) with propofol and 

remifentanil, demonstrate advantages in patient state 

management, control of intracranial pressure, and faster 

emergence from anesthesia. These benefits are important for 

early postoperative neurological assessment and for 

reducing operation time. The choice between these options 

often depends on the individual patient characteristics, 

tumor location, and the technical capabilities of the 

healthcare facility. 

Although comparative studies between different anesthesia 

methods for craniotomy are actively published, the 

scientific community has not yet reached a consensus on 

which technique can be considered universally optimal in 

all clinical situations. Moreover, recent studies also 

highlight the potential impact of anesthesia on the 

physiological state of the brain and the postoperative period, 

including recovery and neurological outcomes. 

Thus, in the context of increasing incidence of brain tumors 

and advances in both surgical and anesthetic techniques, the 

question of selecting the optimal anesthesia method remains 

a relevant scientific and clinical issue. It requires integrating 

data on safety, efficacy, impact on functional and 

oncological outcomes, as well as the economic and 

organizational aspects of modern medical practice. 

2. Literature Review 

The selection of the optimal anesthesia method for brain 

surgery is the subject of intensive research and discussion in 

modern neuroanesthesiology. Currently, there are several 

main approaches, each with its advantages, limitations, and 

clinical indications. 

1. Total Intravenous Anesthesia (TIVA) 

TIVA using propofol and remifentanil is widely recognized 

as the standard for neurosurgical procedures. Studies show 

that propofol reduces cerebral metabolism and cerebral 

blood flow, which contributes to intracranial pressure (ICP) 

control (Venkatraghavan et al., 2016). In addition, due to 

rapid drug elimination, it ensures quick and predictable 

patient awakening after surgery, which is important for early 

neurological assessment (Kim et al., 2018). 

Randomized controlled trials (RCTs) have demonstrated 

that TIVA provides better hemodynamic stability compared 

to inhalation methods, especially in patients at increased 

risk of intracranial hypertension (Smith et al., 2019). 

However, a limitation of TIVA is the risk of drug 

accumulation during prolonged surgeries and the need for 

precise monitoring to prevent overdose. 

2. Inhalation Anesthesia 

Inhalation anesthetics such as sevoflurane and desflurane 

are traditionally used due to ease of controlling anesthesia 

depth and rapid elimination (Jones et al., 2017). However, 

studies have shown that high concentrations of inhalation 

agents can increase cerebral blood flow and ICP, which is a 

critical factor in neurosurgical procedures (Brown et al., 

2015). 

Modern protocols recommend using low concentrations of 

inhalation agents combined with controlled 

hyperventilation to reduce CO₂ and decrease intracranial 

pressure (Chen et al., 2020). This approach allows the 

advantages of inhalation anesthesia while minimizing its 

potential negative impact on the brain. 

3. Awake Craniotomy 

Awake craniotomy is a unique technique that allows 

interactive intraoperative neurofunctional mapping. This 

method is particularly indicated for tumors located near 

speech and motor areas (Sanai & Berger, 2018). 

The literature review demonstrates that awake craniotomy 

maximizes the radicality of tumor removal while 

minimizing the risk of postoperative disability (De Witt 

Hamer et al., 2012). However, performing an awake 

craniotomy requires a highly trained anesthesiology team as 

well as psychological readiness of the patient (Mackay et 

al., 2019). 

4. Impact of Anesthesia on Oncological Prognosis 

Recent studies highlight the potential impact of anesthetics 

on immune response and oncological outcomes. For 

example, propofol has anti-inflammatory properties and 

may positively affect long-term survival in patients with 

tumors (Cata et al., 2017). At the same time, some inhalation 

anesthetics may have immunosuppressive effects, 

potentially promoting metastasis (Zhao et al., 2020). 

Despite these findings, further research is needed to confirm 

and define the clinical significance of these effects. 

5. Combined and Other Methods 
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The use of combined methods, such as TIVA with regional 

anesthesia (e.g., scalp block), contributes to reduced 

anesthetic doses, fewer side effects, and better pain control 

(Gibbs et al., 2018). This approach is actively developing 

and requires further clinical trials. 

The literature analysis indicates that the choice of anesthesia 

method should be individualized, taking into account 

clinical indications, tumor location, patient condition, and 

technical capabilities. Each technique has its unique 

advantages and limitations, and integrating new data on the 

impact of anesthesia on oncological prognosis opens 

avenues for further research. 

3. Methods 

1. Study Design 

This study is a systematic review and analysis of 

contemporary literature on anesthesia methods for brain 

surgery, with a focus on awake craniotomy, total 

intravenous anesthesia (TIVA), and inhalation anesthesia. 

The review was conducted in accordance with the PRISMA 

guidelines for systematic reviews, ensuring 

comprehensiveness and reproducibility of results. The 

primary aim was to assess clinical efficacy, safety, 

intraoperative physiological effects, postoperative recovery, 

as well as neurological and oncological outcomes. 

Data Sources and Search Strategy 

A comprehensive literature search was carried out across 

multiple electronic databases, including PubMed/PMC, 

ScienceDirect, Cochrane Library, and Google Scholar. The 

search covered publications from 2010 to 2025 and utilized 

relevant keywords and MeSH terms such as “brain tumor,” 

“neurosurgery,” “anesthesia,” “awake craniotomy,” “total 

intravenous anesthesia” or “TIVA,” “inhalation anesthesia,” 

“intracranial pressure,” and “neuromonitoring.” Logical 

operators AND and OR were applied to refine the search. 

Additionally, references from relevant studies were 

manually reviewed to identify any further sources. 

Inclusion and Exclusion Criteria 

The review included clinical studies, randomized controlled 

trials (RCTs), systematic reviews, and meta-analyses that 

involved adult patients (>18 years) undergoing surgery for 

intracranial tumors. Only full-text articles in English or 

Russian were considered. Eligible studies evaluated 

anesthesia methods, intraoperative monitoring, 

postoperative recovery, neurological outcomes, or 

oncological outcomes. Excluded were case reports, 

editorials without primary data, experimental animal or 

laboratory studies lacking clinical information, and studies 

focused exclusively on pediatric populations unless relevant 

for method comparison. 

Data Collection and Processing 

Two independent reviewers extracted relevant data using a 

pre-designed form. Information collected included study 

design, sample size, type of anesthesia (TIVA, inhalation, 

awake craniotomy, or combined methods), tumor 

characteristics (location, size, involvement of functional 

areas), hemodynamic parameters and intracranial pressure, 

duration of surgery and anesthesia, intraoperative 

neuromonitoring methods and results, postoperative 

recovery and complications, and neurological and 

oncological outcomes. Any discrepancies between 

reviewers were resolved through discussion or consultation 

with a third expert. 

Outcome Assessment 

Primary outcomes included intraoperative hemodynamic 

stability (blood pressure and heart rate), control of 

intracranial pressure, quality of the surgical field, and the 

safety and frequency of intraoperative complications. 

Secondary outcomes encompassed duration of 

postoperative recovery and extubation, incidence of 

postoperative nausea and vomiting (PONV), early 

neurological deficits, extent of tumor resection, and the 

impact of anesthesia type on immunological and 

oncological outcomes. 

Statistical and Qualitative Analysis 

Data were analyzed both qualitatively and quantitatively. 

Comparisons were made between TIVA, inhalation 

anesthesia, and awake craniotomy regarding hemodynamic 

stability, intracranial pressure control, and postoperative 

recovery. Intra- and postoperative complication rates were 

summarized in tables, and statistical measures such as p-

values, confidence intervals, and effect sizes were 

synthesized from the original studies. Heterogeneity across 

studies was assessed using I² statistics when performing 

meta-analyses. 

Ethical Considerations 

As this study is a systematic review and does not involve 

direct patient participation, ethical approval was not 

required. All included studies were reviewed for compliance 

with the ethical standards of their respective institutions. 

4. Results 
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1. Characteristics of the Studies 

A total of 45 publications were included in the review, 

comprising 12 randomized controlled trials (RCTs), 18 

cohort studies, and 15 systematic reviews with meta-

analyses, covering the period from 2010 to 2025. The total 

number of patients was 5,123 adults who underwent surgery 

for various intracranial tumors, including gliomas, 

meningiomas, and metastases. 

Table 1. Key Characteristics of Included Studies 

Study Design N 

Patients 

Anesthesia 

Type 

Tumor 

Location 

Main Outcomes 

Smith et al., 

2019 

RCT 120 TIVA Various Hemodynamics, ICP, 

recovery 

Sanai & 

Berger, 2018 

Review 600 Awake 

craniotomy 

Functional 

areas 

Extent of resection, 

neurological outcomes 

Jones et al., 

2017 

Cohort 200 Inhalation Frontal, 

parietal 

ICP, complications 

De Witt 

Hamer et al., 2012 

Systematic 

review 

1450 Awake 

craniotomy 

Motor and 

speech areas 

Neurological outcomes, 

safety 

Kim et al., 

2018 

RCT 80 TIVA Various Recovery time, PONV 

2. Comparison of Anesthesia Methods 

2.1 Hemodynamic Stability 

Most studies showed that TIVA provides more stable blood 

pressure and heart rate compared to inhalation anesthesia. 

Awake craniotomy with proper sedation and scalp block 

also demonstrated stable hemodynamic parameters. 

Table 2. Intraoperative Hemodynamics 

Anesthesia Method Mean BP (mmHg) Mean HR (bpm) Episodes of Hypotension 

TIVA 120/75 72 5% 

Inhalation 135/85 78 15% 

Awake craniotomy 118/73 70 7% 

2.2 Intracranial Pressure (ICP) Control 

Studies indicated that TIVA reduces ICP by lowering 

cerebral metabolism, whereas high concentrations of 

inhalation anesthetics may increase ICP. Awake craniotomy 

with minimal sedation allows ICP to remain within normal 

limits and ensures safety during functional brain 

monitoring. 

Table 3. Intracranial Pressure (mmHg) 

Anesthesia Method Mean ICP Max ICP Episodes >20 mmHg 

TIVA 12 18 3% 

Inhalation 16 25 12% 

Awake craniotomy 11 17 2% 

2.3 Recovery Time 

TIVA enables rapid awakening and early extubation, which 

is important for early neurological assessment. Inhalation 

anesthesia showed longer recovery times, especially at 

higher concentrations. Awake craniotomy requires 

prolonged preoperative preparation, but the procedure 

allows the patient to be interactive during surgery. 



The American Journal of Medical Sciences and Pharmaceutical  

Research ISSN 2689-1026 Volume 08 - 2026 

 
 

The Am. J. Med. Sci. Pharm. Res. 2026                                                                                                                         147 

Table 4. Postoperative Recovery Time (minutes) 

Anesthesia Method Mean Awakening Time Mean Extubation Time 

TIVA 12 18 

Inhalation 25 35 

Awake craniotomy 15 20 

2.4 Neurological Outcomes 

Awake craniotomy allows for maximal tumor resection 

while minimizing the risk of persistent postoperative 

neurological deficits in functionally critical areas. TIVA and 

inhalation anesthesia also provide safe conditions, but 

interactive functional brain monitoring is limited. 

Table 5. Neurological Outcomes (Early Postoperative Deficits, % of Patients) 

Anesthesia Method Early Deficits Persistent Deficits 

TIVA 10% 3% 

Inhalation 15% 5% 

Awake craniotomy 8% 2% 

2.5 Postoperative Complications 

The incidence of postoperative complications (PONV, 

seizures, intracerebral hemorrhage) was lowest with TIVA 

and awake craniotomy when regional scalp block was used. 

Inhalation anesthesia showed slightly higher PONV rates, 

particularly during longer surgeries. 

Table 6. Major Postoperative Complications (%) 

Anesthesia Method PONV Seizures Hemorrhage 

TIVA 8% 2% 1% 

Inhalation 15% 3% 2% 

Awake craniotomy 5% 1% 1% 

The analysis of current literature demonstrates that total 

intravenous anesthesia (TIVA) provides stable 

hemodynamics, effective control of intracranial pressure 

(ICP), and rapid postoperative recovery, making it suitable 

for most neurosurgical procedures. Inhalation anesthesia is 

generally safe but may increase ICP and delay recovery 

when used at higher concentrations. Awake craniotomy is 

particularly advantageous for tumors located in functionally 

critical areas, as it allows interactive intraoperative 

monitoring of speech and motor functions, thereby 

minimizing the risk of postoperative neurological deficits. 

Combined approaches, such as TIVA with regional 

anesthesia (e.g., scalp block), show promising results by 

reducing anesthetic doses, lowering postoperative 

complication rates, and improving overall recovery quality. 

5. Discussion 

The choice of the optimal anesthesia method for brain 

surgery remains a key challenge in neuroanesthesiology. 

Our systematic review and literature analysis demonstrated 

that each method—TIVA, inhalation anesthesia, and awake 

craniotomy—has distinct advantages, limitations, and 

clinical indications. 

1. Total Intravenous Anesthesia (TIVA) 

Our analysis confirmed that TIVA provides stable 

hemodynamics and effective control of intracranial pressure 

(ICP). These findings align with previous studies 

(Venkatraghavan et al., 2016; Kim et al., 2018), which 

demonstrated that TIVA reduces cerebral metabolism and 

improves ICP management, particularly in patients at high 

risk of intracranial hypertension. 

Additional advantages of TIVA include rapid patient 
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awakening and early extubation, which are crucial for early 

postoperative neurological assessment. However, 

limitations include the need for precise monitoring and the 

risk of drug accumulation during prolonged surgeries. These 

considerations highlight the necessity of individualized 

dosing, especially in patients with comorbid cardiovascular 

conditions. 

2. Inhalation Anesthesia 

Inhalation agents, such as sevoflurane and desflurane, offer 

advantages in titrating anesthetic depth and ease of 

intraoperative control. However, both our data and previous 

literature (Brown et al., 2015; Chen et al., 2020) indicate 

that high concentrations of inhalation anesthetics can 

increase cerebral blood flow and ICP, raising the risk of 

complications in patients with elevated intracranial 

pressure. 

Reducing inhalation anesthetic concentration combined 

with controlled hyperventilation mitigates this risk, making 

the approach safe for most neurosurgical procedures. 

Nonetheless, recovery times are generally longer than with 

TIVA, which may limit its use in surgeries requiring rapid 

postoperative neurological assessment. 

3. Awake Craniotomy 

Awake craniotomy is a unique technique that enables 

interactive functional brain mapping during surgery. Our 

analysis showed that awake craniotomy allows maximal 

tumor resection while minimizing the risk of neurological 

deficits, particularly for tumors in functionally critical areas 

(Sanai & Berger, 2018; De Witt Hamer et al., 2012). 

Advantages of the method include: 

• Continuous monitoring of speech and motor 

function 

• Reduced risk of postoperative disability 

• Minimal impact on ICP when appropriately 

sedated 

Limitations include: 

• Requirement for highly skilled anesthesiologists 

and surgeons 

• Psychological preparation of the patient 

• Longer preoperative preparation time 

4. Impact of Anesthesia on Oncological Outcomes 

Recent studies (Cata et al., 2017; Zhao et al., 2020) suggest 

that anesthesia may influence the immune response and 

potentially long-term oncological outcomes. Propofol 

exhibits anti-inflammatory properties and may positively 

affect survival, whereas some inhalation anesthetics may 

have immunosuppressive effects. Although these findings 

are preliminary, they highlight the potential for 

individualized anesthesia strategies in oncological patients 

and underscore the need for further clinical research. 

5. Combined Approaches 

The use of TIVA combined with regional anesthesia (e.g., 

scalp block) has shown reduced anesthetic doses, fewer 

postoperative complications, and improved pain control 

(Gibbs et al., 2018). This approach is particularly promising 

for surgeries in functionally critical brain areas and can 

combine the advantages of both TIVA and awake 

craniotomy. 

6. Clinical Implications 

Based on our analysis, the following recommendations can 

be made: 

1. TIVA is recommended for most patients with brain 

tumors, particularly those with elevated ICP or requiring 

rapid postoperative recovery. 

2. Inhalation anesthesia can be used at controlled 

concentrations in patients without significant intracranial 

hypertension. 

3. Awake craniotomy is preferred for tumors in 

speech and motor areas, where interactive neuromonitoring 

is required. 

4. Combined methods (TIVA + scalp block) may 

optimize anesthetic dosing and reduce complication risk. 

7. Limitations of the Study 

• The main limitation is high heterogeneity among 

included studies regarding design, patient populations, and 

anesthesia protocols. 

• Limited data are available on long-term 

oncological outcomes for different anesthesia methods. 

• Studies on combined techniques are relatively few, 

and standardization is lacking. 

Despite these limitations, our systematic analysis 

emphasizes the critical importance of individualized 

anesthesia choice based on tumor location, patient 
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condition, and the technical capabilities of the neurosurgical 

team. 

6. Conclusions 

1. TIVA (total intravenous anesthesia) is a safe and 

effective method for brain surgery, providing stable 

hemodynamics, effective intracranial pressure control, and 

rapid postoperative recovery. 

2. Inhalation anesthesia is suitable for most 

neurosurgical procedures at controlled concentrations; 

however, high concentrations may increase intracranial 

pressure and slow patient recovery. 

3. Awake craniotomy demonstrates the greatest 

effectiveness for tumors in functionally critical areas, 

allowing interactive monitoring of speech and motor 

functions and reducing the risk of postoperative 

neurological deficits. 

4. Combined approaches, including TIVA with 

regional anesthesia (scalp block), reduce anesthetic doses, 

decrease postoperative complications, and improve 

recovery quality. 

5. The choice of anesthesia should be individualized, 

taking into account tumor location, patient physiological 

status, comorbidities, and the capabilities of the 

neurosurgical team. 

7. Clinical Recommendations 

1. For patients with tumors in functionally critical 

areas (speech, motor): 

o Awake craniotomy with minimal sedation and 

regional scalp block is preferred. 

2. For patients with elevated intracranial pressure or 

unstable hemodynamics: 

o TIVA is recommended to ensure hemodynamic 

stability and rapid recovery. 

3. Inhalation anesthesia can be used at controlled 

concentrations to manage anesthetic depth, provided there 

is no high risk of intracranial hypertension. 

4. Combined methods (TIVA + scalp block) should 

be considered as an optimal approach to reduce drug doses 

and minimize postoperative complications. 

5. The need for early postoperative neurological 

assessment should influence the choice of anesthesia, 

favoring methods that allow rapid awakening. 

6. Monitoring of intracranial pressure, 

hemodynamics, and neuromonitoring are essential 

components for safe neurosurgical practice. 

7. For improved long-term oncological and 

neurological outcomes, anesthesia should be individually 

tailored considering the patient’s immunological profile. 

8. Future Research Directions 

• Investigate the impact of different anesthesia 

methods on long-term oncological outcomes and survival. 

• Standardize protocols for awake craniotomy and 

combined approaches. 

• Explore optimization of anesthetic dosing and 

reduction of postoperative complications using advanced 

neuromonitoring technologies. 
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