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 23 

Abstract 24 

 Desflurane is an inhalational anesthetic agent with an appealing recovery profile. Its use 25 

during craniotomies however, has been limited. The present systematic review 26 

investigates the clinical effects and adverse events of desflurane use during supratentorial 27 

craniotomies for brain tumor resection in adult patients, in comparison to other 28 

inhalational and/or intravenous agents. Literature search was conducted across the 29 

following databases MEDLINE, Library of Congress and LISTA (EBSCO) from January 30 

2001 to January 2021. Twelve studies from 2003 to 2020 were included in this systematic 31 

review. Desflurane was compared to either isoflurane, sevoflurane or propofol for 32 

anesthesia maintenance. Regarding the  primary outcomes studied, brain relaxation scores 33 

showed no statistically significant difference between desflurane and the other anesthetic 34 

agents. Recovery timepoints, such as time to recovery, time to eye opening, time to 35 

extubation, time to follow commands and time to reach a “Modified Aldrete Score” equal 36 

or above 9 were significantly shorter in the desflurane arm in the majority of studies. 37 

Systemic hemodynamic variables, mean arterial pressure and heart rate, as well as 38 

cerebral hemodynamics, intracranial pressure and cerebrospinal fluid pressure were 39 

comparable between anesthetic agents and desflurane, in each study. Results of this 40 

systematic review demonstrate that desflurane is a hypnotic agent with few adverse events 41 

for anesthesia maintenance in adult patients undergoing supratentorial brain tumor 42 

surgery. Large, prospective, comprehensive studies, utilizing standarized parameter 43 

evaluation could provide higher level of evidence. 44 

 45 

 46 
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 48 

Introduction 49 

  50 

Early patient recovery after brain surgery is considered one of the main goals of the 51 

anesthesia plan. Desflurane due to its unique pharmacokinetic and pharmacodynamic 52 

profile, can contribute to prompt extubation, even after prolonged duration of anesthesia.1 53 

This characteristic allows early neurologic evaluation  and early recognition of disastrous 54 

postoperative complications, such as seizures, increased intracranial pressure or 55 

hemorrhage can be identified and treated accordingly.  56 

Desflurane is a fluorinated methyl ethyl ether. It has low blood/gas, fat/blood and 57 

brain/blood partition coefficients, which favor its rapid elimination and early recovery of  58 

consciousness.2 Desflurane is advantageous due to limited metabolism and adipose tissue 59 

storage and is considered to be a safe anesthetic choice in several surgical populations.1 60 

Concerning cerebral physiology, desflurane can decrease cerebral metabolic rate and 61 

oxygen consumption.3 On the other hand, regarding systemic hemodynamics, desflurane 62 

can decrease mean arterial pressure and consequently cerebral perfusion pressure. There 63 

have been doubts regarding its superiority in brain surgery, due to its physiologic effect 64 

to promote cerebral vasodilatation and increase cerebral blood flow (CBF) and cerebral 65 

blood volume both in animal and human studies.3 In theory, this could promote an 66 

increase in intracranial pressure (ICP), which could have detrimental effects on patients 67 

with intracranial pathology. Recent studies though, have demonstrated that desflurane at 68 

1.0 MAC does not increase intracranial pressure in normocapnic patients.4 Over the past 69 

years, there has been an increasing body of evidence showing that desflurane can be an 70 
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acceptable alternative to other volatile or intravenous hypnotic agents for brain surgery. 71 

However, to the best of the authors’ knowledge, there is no systematic review or meta-72 

analysis on this topic. Although this is not a meta-analysis, we aim to present a systematic 73 

review after examining current evidence regarding adverse and clinical effects of 74 

desflurane, as the main anesthetic agent for supratentorial brain tumor resection in adult 75 

patients.  76 

 77 

Methods  78 

Search strategy  79 

A systematic search was conducted in May 2021 by two independent researchers across 80 

three databases, MEDLINE, Library of Congress and LISTA (EBSCO). Search strategy 81 

included the following terms, organized in two blocks. Block A included the terms: 82 

desflurane OR volatile an(a)esthetics OR volatile an(a)esthesia OR inhaled an(a)esthetics 83 

OR inhaled an(a)esthesia OR inhalation an(a)esthetics OR inhalational an(a)esthesia. 84 

Block B included the terms: neurosurgery OR neurosurgical OR brain surgery OR 85 

craniotomy OR intracranial OR meningioma OR glioblastoma OR supratentorial OR 86 

infratentorial. Search terms from the two blocks were combined in pairs to employ all 87 

different combinations. Literature search was restricted to articles published during the 88 

last twenty years. Reference lists of the examined articles were also searched for relevant 89 

results.  90 

Study selection  91 

Studies were selected according to the PICOS approach. After initial search, two 92 

reviewers independently screened the articles by title and abstract to identify pertinent 93 

studies. Articles not excluded through this process, were read thoroughly in order to 94 



 5 

determine their suitability. Exclusion criteria included non-human studies, non-adult 95 

population, case series, non-comparative studies, review articles and articles not in 96 

English. Criteria for inclusion were articles in English, prospective and retrospective 97 

comparative studies, both randomized and non-randomized, having desflurane and other 98 

anesthetic agents as comparison arms, studies on human adult population and studies on 99 

craniotomies for tumor resection. Articles that were published during the last twenty 100 

years, since 2001, were included in this review. In case of disagreement, a third 101 

independent reviewer was consulted for resolution. (See supplemental table: The PICOS 102 

model) 103 

Data collection  104 

Data from the included studies were extracted independently by two reviewers and cross 105 

checked by a third one. Extracted data included first author’s name, year of publication, 106 

type of operation, number of patients included,  demographic characteristics, anesthetic 107 

agents used, results about primary and secondary outcomes. Primary outcomes included 108 

brain relaxation score, time to emergence (minutes), time to recovery (minutes), time to 109 

extubation (minutes), time to follow commands (minutes), time to reach Modified Aldrete 110 

Score (MAS) equal or greater than 9, perioperative systemic hemodynamic parameters, 111 

mean arterial pressure (MAP) in mmHg, heart rate (HR) in beats per minute, cerebral 112 

hemodynamic parameters, intracranial pressure (ICP) in mmHg, cerebral perfusion 113 

pressure (CPP) in mmHg, lumbar cerebrospinal fluid pressure (LCSFP) in mmHg. 114 

Secondary outcomes included,  perioperative gas exchange patterns (PaO2 and PaCO2 in 115 

mmHg), quality of recovery using the “Short Orientation Memory Concentration Test” 116 

(SOMCT) or “Rancho Los Amigos scale” (RLAS), perioperative blood glucose trends, 117 

emergence agitation (%), postoperative nausea and/or vomiting (PONV) (%), 118 
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postoperative shivering (%), patient satisfaction (%) and survival parameters. Satisfaction 119 

about the quality of anesthesia was graded by patients on a three point scale, 120 

“dissatisfied”, “neither dissatisfied nor satisfied” and “satisfied”, twenty four hours after 121 

surgery. Regarding systemic and cerebral hemodynamics, gas exchange patterns and 122 

perioperative glucose trends, as timing of measurement  differed widely  across studies, 123 

only results about the presence or absence of statistical difference were extracted by the 124 

authors. Numerical results about these outcomes were not extracted and compared across 125 

studies, unless it was clear  that metrics were obtained the exact same time point during 126 

the perioperative period. All  information collected was tabulated to allow analysis. 127 

Risk of bias assessment  128 

Included studies were assessed for risk of bias independently by two reviewers. 129 

Resolution by a third reviewer was sought in case of disagreement. The Cochrane tool for 130 

assessing risk of bias in randomized trials (ROB 2) was used.5  Methodological quality 131 

for each of these studies was assessed in five different domains and a final overall risk of 132 

bias judgement was reached. Based on the overall risk of bias judgement, studies were 133 

graded as “low risk of bias”, “some concerns” or “high risk of bias”. For non-randomized 134 

studies, methodological quality was assessed according to the “Methodological Index For 135 

Non-randomized Studies” (MINORS).6 136 

Protocol  137 

 This systematic review was registered in the International Prospective Register of 138 

Systematic Reviews (PROSPERO) as CRD4202123824 on March 31, 2021. The study 139 

was conducted and reported according to Preferred Reporting Items for Systematic 140 

Reviews and Meta-Analyses (PRISMA) guidelines.7  141 

www.crd.york.ac.uk/prospero/display_record.php?RecordID=238243 142 
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 143 

Results  144 

Study selection 145 

The initial search strategy yielded forty-three studies. After deduplication and suitability 146 

screening, eleven studies were retained for analysis. Screening of reference lists yielded 147 

one additional result. Study selection is shown in figure 1. The present study finally 148 

included twelve articles published from 2003 to 2020. All included studies were 149 

prospective randomized with the exception of one retrospective study. The type of 150 

operation was  supratentorial craniotomy for intracranial lesions consistently across all 151 

included studies. Although, the search strategy also included the term “ infratentorial”, 152 

no suitable study on infratentorial surgery was found. Therefore, the present systemic 153 

review focuses only on supratentorial craniotomy. Anesthetic agents used for comparison 154 

included sevoflurane and isoflurane, in six studies each, and propofol in two. (Table 1) 155 

 156 

Demographics   157 

The size of included studies varied considerably, Cata et al.8 being the largest (261 for 158 

the desflurane arm vs 117 patients for the isoflurane arm) and Boisson et al.9 the smallest 159 

(16 for desflurane vs 17 for isoflurane). Patients’ demographics (median age in years, % 160 

female) were also considerably different across studies. Dube et al.10 reported the 161 

youngest median age (34,9 for the desflurane group vs 39,5 years for sevoflurane), 162 

whereas Magni et al.11 reported the oldest (60,4 for desflurane vs 62,4years for 163 

sevoflurane). Kaye et al.12 included the highest percentage of females (66.6 in the 164 

desflurane group vs 61.1 in the isoflurane group) in contrast to Bastola et al.13 who had 165 

the lowest (32.0 for desflurane vs 28.0 for sevoflurane vs 28.0 for propofol). (Table 1) 166 
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 167 

Primary outcomes 168 

Brain relaxation scores was reported in five studies.10,13,14,15,16 For the evaluation of brain 169 

relaxation, a score ranging from 1, representing completely relaxed brain, to 4, 170 

representing tight brain, was used in all studies. No study showed statistically significant 171 

difference between desflurane and other anesthetic agents. Time to eye opening, defined 172 

as the time between the anesthetic agent cessation and patient’s eye opening, was reported 173 

in eight articles.9,10,11,12,14,15,16,17 In five of them , anesthesia with desflurane resulted in  174 

significantly shorter times overall,9,14,15,16,17 whereas the rest reported no statistically 175 

significant differences.10,11,12 A similar trend was observed with time to extubation, which 176 

was reported in eight articles.9,10,11,13,14,15,16,17 Statistically shorter time to extubation  in 177 

the desflurane group was seen in five out of the eight studies.9,11,14,15,17 Results concerning 178 

time to recovery were reported in seven studies,9,10,11,14,15,16,17 although the definitions 179 

implemented for recovery were inconsistent across them. For this review, “time to 180 

recovery” was defined as the time from anesthetic agent’s discontinuation to patient’s 181 

orientation after verbal stimuli. Statistically significant results reporting shorter times 182 

with desflurane were seen in five studies,9,11,15,16,17 whereas the other two studies reported 183 

no statistical difference.10,14 Similarly with time to recovery, a clear and common 184 

definition of the time to follow commands was not available across the included studies. 185 

Three studies reported results about time to follow commands12,13,16 and two reported 186 

about time to hand gripping.9,17 In the present review, time to hand gripping was 187 

considered the same as time to follow commands. In four out of five studies, anesthesia 188 

with desflurane resulted in shorter time with statistically significant difference .9,13,16,17 189 

Time to reach a score equal to or greater than 9 according to MAS was reported in three 190 
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studies,14,17,18 all reporting significantly shorter times in  the desflurane arm. One study 191 

used a MAS equal to or above 8 in their methodology,15 also reporting significantly 192 

shorter time with desflurane. 193 

Regarding systemic hemodynamics, results about MAP and HR were reported in 194 

seven4,9,10,12,13,14,15 and eight studies, 4,9,10,12,13,14,15,16 respectively. Mean arterial pressure 195 

values were reported to be  comparable in the majority of the studies. However,  one 196 

study15 showed significantly higher MAP values with desflurane at various timepoints 197 

(Table 2). Heart rate values between desflurane and other hypnotic agents  were, also, 198 

comparable in all studies except one, which reported statistically higher values in the 199 

sevoflurane arm.13 Intracranial pressure, CPP and LCSFP were measured and reported in 200 

four,4,10,12,16 two4,12 and one12 studies, respectively. No study reported statistically 201 

significant difference. Results about primary outcomes are shown in Table 2. 202 

 203 

 204 

Secondary outcomes 205 

Despite the fact that results about these parameters were scarcely reported, authors 206 

considered them important for the scope of this review. Evaluation of recovery after 207 

anaesthesia using SOMCT was completed in three out of the twelve studies.14,10,11 In two 208 

studies,11,14 the desflurane group had significantly higher SOMCT scores, indicating 209 

improved recovery, but only at earlier time points (Table 3). No difference was shown at 210 

later timepoints. RLAS results were reported in one study and results showed a similar 211 

trend as with SOMCT.14 Gas exchange pattern trends, namely, PaO2 and PaCO2, were 212 

studied in three11,14,16 and four articles,4,11,14,16 respectively. The majority of the articles 213 

did not show a statistically significant difference. Only one study demonstrated 214 
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statistically lower PaCO2 values in the desflurane arm  at two timepoints, 15 and 30 min 215 

post extubation.14 Perioperative blood glucose trends, among anesthesia with desflurane, 216 

sevoflurane and propofol were reported in, only, one study that showed statistically 217 

significant results in favor of propofol for achieving steadier blood glucose levels.18 218 

Emergence agitation was reported in two studies.10,13 Neither of the results was 219 

statistically significant. The incidence of postoperative nausea and/or vomiting (PONV) 220 

and postoperative shivering was reported in seven9,10,11,13,14,17,18 and four studies,9,10,11,14 221 

respectively. None of these studies showed a statistically significant difference. Patient 222 

satisfaction after anesthesia  was reported in one study.18 There was no  difference in rates 223 

of patient satisfaction among those who received desflurane, sevoflurane, or propofol. 224 

Only one retrospective study measured long-term survival after craniotomies for 225 

glioblastoma multiforme.8 Desflurane and isoflurane were found to have comparable 226 

progression free survival (PFS) and overall survival (OS) rates. Overall survival rates at 227 

three years were found to be 0.27 in the desflurane group and 0.35 in isoflurane arm, 228 

whereas, at five years the desflurane arm had a survival rate of 0.15 compared to 0.16 229 

with isoflurane. Secondary outcomes results are shown in Table 3. 230 

 231 

Risk of Bias (Rob2) 232 

No disagreements between the reviewers were encountered while assessing for risk of 233 

bias. Two studies were assessed as having an overall high risk of bias.9,10 The first  was 234 

due to having some concerns regarding “deviations from intended interventions” and due 235 

to having high risk in “measurement of the outcome”. 9 The second was due to raising 236 

“some concerns” in three domains “randomization process”, “deviations from intended 237 

interventions” and “measurement of the outcome”. 10 Three studies had a moderate overall 238 
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risk of bias.11,13,17 The studies of Gökçek et al.17 and Bastola et al.13 raised “some 239 

concerns” in two categories: “deviations from intended interventions” as well as 240 

“measurement of the outcome”. Study of Magni et al.11 raised “some concerns” in 241 

“randomization process” and “deviations from intended interventions”. Six studies were 242 

appraised as having a low risk of bias in each domain and overall.4,12,14,15,16,18 A summary 243 

of Rob2 assessment is depicted in Figure 2. 244 

MINORS criteria 245 

One retrospective non-randomized study was assessed using the MINORS criteria.8 For 246 

comparison purposes, scores were calculated for all the studies. The scores ranged 247 

between 109,13 and 1414,17,18. The one non-randomized retrospective  study was assigned 248 

a score of 13. 8 Overall, the main reasons for missing points were, “follow-up duration” 249 

declaration and “loss to follow-up” declaration. Among all studies only Cata et al.8 250 

presented accurate data on both categories. Failure of a clear statement regarding 251 

“inclusion of consecutive patients” was the second most common reason for missed 252 

points. Four studies received the maximum of 2 points, 12,14,17,18 six studies received the 253 

intermediate of 1 point,8,10,11,13,15,16 and two studies received no points.4,9 Outcome 254 

evaluation bias was the third most common reason for missing points. Six studies received 255 

a maximum score,11,14,15,16,17,18 one study received no points,8 and five received 1 256 

point.4,9,10,12,13 Evaluation according to the MINORS criteria is summarized in 257 

supplemental digital content table: MINORs scores. 258 

 259 

Discussion 260 

With reference to primary outcomes studied in this review, desflurane proves to be an 261 

anesthetic with few adverse events in craniotomies for brain tumor resection in adult 262 
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patients. Systemic and cerebral hemodynamic variables, as well as brain relaxation scores 263 

were comparable between desflurane and other anesthetic agents with no statistically 264 

significant difference. Moreover, anesthesia maintenance with desflurane consistently 265 

resulted in shorter recovery times. It should be noted, though, that all patients included in 266 

this review showed normal ICP values preoperatively. Regarding secondary outcomes, 267 

quality of recovery after anesthesia using SOMCT and RLAS test appeared to be better 268 

with desflurane, but statistically significant only at the earlier postoperative period. In a 269 

similar trend, PaCO2 did not differ in most of the studies, except for one study14 in obese 270 

patients, which  reported statistically lower PaCO2 values in the desflurane arm, but only 271 

at earlier time points of the first postoperative hour. Clinically, this translates to lower 272 

postoperative sedation in the desflurane group. Emergence agitation, POVN, 273 

postoperative shivering and patient satisfaction were all statistically comparable among 274 

the anesthetic agents. Finally, statistically significant results against desflurane were 275 

reported only by Haldar et al. regarding perioperative blood glucose values.18 In this 276 

study, the propofol group achieved more stable plasma glucose values perioperatively 277 

compared to desflurane and sevoflurane.  278 

To the best of the authors’ knowledge, this is the first systematic review on this topic. A 279 

recent narrative review,19 showed findings similar to ours and supports the role of third 280 

generation fluorinated hypnotic agents in adult patients undergoing craniotomies. 281 

Regarding recovery parameters in other surgical populations, a number of systematic 282 

reviews and meta-analyses are available. In the case of elderly patients, Chen et al. 283 

concluded that desflurane arm had consistently statistically significant shorter recovery 284 

times compared to sevoflurane.20 Also, in a meta-analysis by Singh et al. comparing 285 

recovery profiles in bariatric surgery similar results are reported, in favor of desflurane.21 286 
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Regarding ambulatory surgery this time, a systematic review by Gupta et al. and a meta-287 

analysis by Chen et al. concluded with agreeing results to the above.22,23 It appears that 288 

desflurane’s pharmacological properties make it a very appealing anesthetic agent, for a 289 

broad range of surgical populations, from shorter ambulatory surgery to longer lasting 290 

craniotomies, where rapid recovery is necessary for a complete and precise neurological 291 

assessment. A study by Ghoneim et al. not included in this review, due to reference to 292 

pediatric population, reported no difference in brain swelling with desflurane, isoflurane 293 

and sevoflurane and showed significantly faster recovery times in the desflurane group.24 294 

All studies were assessed on the basis of their primary outcomes, for which a power 295 

analysis was performed. The most frequent problems encountered were with respect to 296 

“randomization process”, “deviations from intended interventions” and “measurement of 297 

outcome”. In the study by Magni et al.11 the groups could not be considered equal due to 298 

a small but statistically significant difference in the MAC-hours, a parameter that directly 299 

influences the primary outcome (time to emergence/extubation). In this case, we have to 300 

consider the possibility that desflurane’s rapid recovery is due to shorter exposure to the 301 

agent instead of its pharmacokinetic properties. We suggest that in the future more studies 302 

state the MAC-hours, as it is a more objective way to assess the equality of the groups, 303 

compared to anesthesia or surgery duration.  The study by Dube et al.10 was marked as 304 

raising “some concerns” because although baseline differences among the groups were 305 

not significant, the specific process of randomization was not described. In the category 306 

of deviations from intended interventions, five studies presented a moderate risk of bias, 307 

as they were not double-blinded.9,10,11,13,17 Gokcek et al.17 mentioned that the data-308 

collector was blinded to the agent but the anesthesiologist in charge of interventions was 309 

not, and the concentrations of the volatile anesthetics were not constant during the study. 310 
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For the remaining studies, 9,10,11,13 the main problem was that the anesthesiologist in 311 

charge of extubation and assessment of recovery time was not blinded to the agent. With 312 

respect to “measurement of the outcome” the main reasons for reporting moderate or high 313 

risk of bias were unmeasured differences between groups concerning total doses of other 314 

anesthetics (e.g. opioids), vague criteria concerning important time points (extubation 315 

criteria, eye opening/ spontaneous ventilation upon stimulation or not), concomitant use 316 

of N2O and tapering of volatile agents in a possibly not uniform way among the groups. 317 

 The main reason for missed points according to MINORs assessment was loss of follow-318 

up or issues with follow-up duration. None of the studies except for one18  dealt with long-319 

term oncological outcomes such as tumor  recurrence and survival parameters. These are 320 

matters of particular importance, since the study population concerned oncology patients. 321 

Another reason for low MINORS scores, was failure to include consecutive patients, 322 

although reasons were stated on most occasions. Outcome evaluation bias was judged 323 

based on blinding. Only one study  received zero points due to the retrospective nature of 324 

the study. 8 All other studies received a score of 1 (inadequate blinding) or 2 (adequate 325 

blinding- blind evaluation of objective endpoints and double-blinded evaluation of 326 

objective endpoints). 327 

The present study was a systematic review of a relatively small number of relevant 328 

articles, and as such, publication bias cannot be excluded. Moreover, although most of 329 

the papers included derived from randomized comparative studies, the authors of the 330 

present review decided not to attempt a numerical aggregation in the form of a meta-331 

analysis. The main reason was the heterogeneity in the definition of certain time-related 332 

parameters. Also, one of the included studies that received a high score according to the 333 

MINORS criteria, had some issues according to the ROB2 assessment.17 This leaves two 334 
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articles with high scores according to both assessments.14,18 Haldar et al.18 however, did 335 

not report several parameters, that the authors of the present review considered clinically 336 

pertinent. It is also worth mentioning that possible important outcomes which indicate 337 

patients’ functional status ,such as Glasgow Coma Scale, Modified Rankin score 338 

or postoperative stroke are scarce or non-existent across current literature. Short 339 

orientation memory concentration test and Rancho Los Amigos score, which test 340 

neurological functional ability, only appear in three and one article each, respectively. 341 

Overall, this study attempted in the most structured and objective way to sum up relevant 342 

evidence on the topic, however its shortcomings reflect the limitations in current 343 

literature.   344 

It becomes evident from the above comments that the most important limitation of current 345 

literature is the heterogeneity in the reporting of certain endpoints. Thus, a consensus 346 

needs to be reached regarding the best way to assess time-related parameters. In addition, 347 

blood glucose levels throughout the procedure, hemodynamic, oncological and patient 348 

satisfaction endpoints are very important and need to be reported consistently in future 349 

studies. An adequate number of further good quality and homogenous randomized studies 350 

are required for a meta-analysis to provide the most reliable answers to the clinical 351 

questions this study has examined.  352 

 353 

Conclusion  354 

Overall, in the present systematic review no study was found where the rate of adverse 355 

events was statistically significantly worse in the desflurane group  compared to other 356 

anesthetic agents, in adult patients undergoing supratentorial brain tumor surgery. 357 

Systemic and cerebral hemodynamics as well as brain relaxation scores showed no 358 
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difference between desflurane and other anesthetic agents, within each study. Concerning 359 

recovery parameters, anesthesia maintenance with desflurane consistently produced 360 

superior results. Large, prospective, comprehensive studies, utilizing standardized 361 

parameter evaluation could provide a higher level of evidence. 362 

 363 
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Figure legends: 493 

Fig 1: PRISMA flow diagram  494 

Fig 2: Risk of bias assessment: Rob 2 scores  495 
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