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Background

Awake surgery (AS) permits intraoperative mapping of cognitive and motor functions, allowing neurosurgeons to tailor the resection according to patient functional boundaries thus preserving long-term patient integrity and maximizing extent of resection. Given the increased risks of the awake scenario, the growing importance of AS in surgical practice favored the debate about patient selection concerning both indication and eligibility criteria. Nonetheless, a systematic investigation is lacking in the literature.



Objective

To provide a scoping review of the literature concerning indication and eligibility criteria for AS in patients with gliomas to answer the questions:1) "What are the functions mostly tested during AS protocols?" and 2) "When and why should a patient be excluded from AS?".



Materials and methods

Pertinent studies were retrieved from PubMed, PsycArticles and Cochrane Central Register of Controlled Trials (CENTRAL), published until April 2021 according to the PRISMA Statement Extension for Scoping Reviews. The retrieved abstracts were checked for the following features being clearly stated: 1) the population described as being composed of glioma(LGG or HGG) patients; 2) the paper had to declare which cognitive or sensorimotor function was tested, or 2bis)the decisional process of inclusion/exclusion for AS had to be described from at least one of the following perspectives: neurosurgical, neurophysiological, anesthesiologic and psychological/neuropsychological.



Results

One hundred and seventy-eight studies stated the functions being tested on 8004 patients. Language is the main indication for AS, even if tasks and stimulation techniques changed over the years. It is followed by monitoring of sensorimotor and visuospatial pathways. This review demonstrated an increasing interest in addressing other superior cognitive functions, such as executive functions and emotions. Forty-five studies on 2645 glioma patients stated the inclusion/exclusion criteria for AS eligibility. Inability to cooperate due to psychological disorder(i.e. anxiety),severe language deficits and other medical conditions(i.e.cardiovascular diseases, obesity, etc.)are widely reported as exclusion criteria for AS. However, a very few papers gave scale exact cut-off. Likewise, age and tumor histology are not standardized parameters for patient selection.



Conclusion

Given the broad spectrum of functions that might be safely and effectively monitored via AS, neurosurgeons and their teams should tailor intraoperative testing on patient needs and background as well as on tumor location and features. Whenever the aforementioned exclusion criteria are not fulfilled, AS should be strongly considered for glioma patients.
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1. Introduction

In the 1950s the neurosurgeon Wilder Penfield firstly proposed an innovative technique to surgically treat epilepsy, without total anesthesia, but only through local and intermittent sedation and analgesia in order to identify the epileptogenic focus and the sensorimotor area by direct electrical stimulation of cerebral cortex (1, 2). In the past decades, this technique has grown importance and, nowadays, awake surgery (AS) represents a key treatment not only for epilepsy (3, 4), but also for resection of brain neoplastic intra-axial lesions, mainly gliomas (5–7), and deep brain stimulation in patients affected by Parkinson disease (8, 9). The central aspect of this technique is that the patient is conscious and actively participates in neuropsychological testing during surgical operations, helping neurosurgeons to avoid permanent brain function impairment. Different anesthesiologic and sedation strategies were described, with the two principal techniques being represented by the asleep-awake-asleep (AAA) and the fully awake craniotomy (FA) (10). In the former, the patient is initially under general anesthesia and is awakened after completing the craniotomy, when the surgeon is ready to start the intraoperative mapping of cognitive and motor pathways. In the FA procedure, the patient is awake during the entire procedure; consciousness and pain are controlled by local anesthetics and sedation as needed.

In the specific case of AS used for resection of gliomas, this technique aims at minimizing the risks for postoperative permanent neurological and cognitive deficits while maximizing the extent of resection (5, 11). It is now recognized that postoperative permanent impairment of sensorimotor and cognitive functions, such as aphasia, apraxia, visuospatial deficits, and other dysexecutive syndromes, is characterized by neurological, functional, and behavioral symptoms that contribute to loss of autonomy and undermine the patients' quality of life (QoL) (12). The importance of a safe procedure for the resection of gliomas infiltrating eloquent areas is well described in the literature and several techniques of intraoperative cortical and subcortical mapping have been proposed (5, 6, 13, 14). In this view, AS permits intraoperative cortical and subcortical mapping of cognitive functions and the continuous assessment of motor responses, allowing neurosurgeons to stop the resection according to patient functional boundaries thus preserving long-term patient integrity (13). Maximizing extent of resection (EOR) is particularly important when considering patient survival and prognosis: several studies demonstrated that gross total resection (GTR) and, when feasible, supratotal resection, can improve progression-free survival (PFS) and overall survival (OS) both in lower-grade gliomas (LGG) and high-grade gliomas (HGG) (15–19).

Given the patient discomfort and the increased risks of the awake setting, namely intraoperative seizures, difficult airway management and brain swelling/bleeding, the growing importance of AS in surgical practice promotes the debate about patient selection concerning both indication and eligibility criteria. Due to special neurosurgical, anesthesiologic, neuropsychological and neurophysiological issues, eligibility needs to be verified by different specialists in a multidisciplinary setting involving neurosurgeons, neurophysiologists, anesthesiologists, neuropsychologists and linguists. The literature is lacking about specified and coherent criteria from all these perspectives that often depend on each institution's practice and surgical team expertise, thus failing in reporting specific and well-established indications for AS procedure.

This scoping review aims to systematically investigate the literature concerning indication and eligibility criteria for AS in glioma patients to answer the questions: 1) "What are the functions mostly tested during AS protocols?" and 2) "When and why should a patient be excluded from AS?". To our knowledge, this is the first scoping review addressing the selection process concerning the indication and eligibility of patient candidates for AS.



2. Materials and methods


2.1 Search strategy

Pertinent studies published until April 2021 were retrieved from PubMed, PsycArticles and Cochrane Central Register of Controlled Trials (CENTRAL), according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses Statement Extension for Scoping Reviews (PRISMA-ScR) (20). Grey literature and unpublished papers were not included. To search for appropriate papers, we entered the following keys in the "Title" or "Abstract" fields: ["Awake Surgery" AND (indications OR selection)], ["Awake Surgery" AND (Glioma OR "brain tumors")], ["Awake craniotomy" AND (Glioma OR "brain tumors")], [(Glioma) AND (intraoperative monitoring)] and [intraoperative brain mapping AND (Glioma OR "brain tumors")]. Additional research was conducted through the screening of the reference lists reported in the included papers. Among all the retrieved records, we excluded duplicates and papers that did not fit the conceptual framework of the study; we did not include, for example, studies addressing pathologies other than gliomas (either LGG or HGG) or which did not adopt an awake protocol. The kinds of study design eligible for this review were observational prospective and retrospective case series, case-control studies, cohort studies and randomized-controlled trials (RCT). We excluded articles in other languages than English.



2.2 Study selection

The authors conducted the first examination on the retrieved abstracts, including the researches that had the following features clearly stated: 1) the population described as being composed of glioma (LGG or HGG) patients, independently of age; 2) the paper had to declare which cognitive or sensorimotor function was tested during the awake phase.

The second screening of the retrieved abstracts was conducted to identify the inclusion/exclusion criteria for AS. During this procedure, the first inclusion criterion was maintained and a different second one was: 2 bis) the decisional process of inclusion/exclusion for AS had to be described from at least one of the following perspectives: neurosurgical, neurophysiological, anesthesiologic and psychological/neuropsychological.

Two different tables including the main variables of interest were charted for both selection processes. The former comprised: the testing of language, sensorimotor and visuospatial pathways, or other superior cognitive functions, such as executive functions or emotions, and the hemisphere being tested; when available, the intraoperative tests being employed were reported. The second table encompassed the following variables: neurosurgical, neurophysiological, anesthesiologic, psychological/neuropsychological or other exclusion criteria.



2.3 Statistical analysis

All statistical analyses, pie charts and histograms were performed using IBM SPSS version 25.0, International Business Machines Corp, New York, USA.

Well diagrams were plotted using BioVinci version 2.0, BioTuring, San Diego, USA.




3. Results


3.1 Study selection

Overall, 1.182 references were retrieved using the aforementioned keywords. Two authors (G.A-F. and A.F.) independently examined the titles and abstracts of the studies. After removing duplicates, a total of 911 references were identified for the title and abstract screening. The full text of 418 studies was obtained and assessed. In case of selection discrepancy, a third author (G.F.) assessed the article. A total of 189 studies, including 8956 patients, matched the inclusion criteria of this scoping review. Particularly:

- The first selection procedure included 178 studies published from 1994 to 2021. On this wise, data from tested functions of 8004 patients were included in this review. All the studies reported surgical case series of which 42 (24%) included prospective analyses. The results of the first selection procedure are reported below as Indication to AS: Tested Functions.

- The second screening encompassed 45 studies that were conducted on 2645 glioma patients and stated the inclusion/exclusion criteria being adopted for AS eligibility. The studies were published from 2004 to 2021. All the studies reported surgical case series of which 18 (40%) included prospective analyses. The results of this selection procedure are reported below as Eligibility criteria for AS: Exclusion Criteria.

The process of article selection is reported in Figure 1.




Figure 1 | Flowchart of the selection process of this scoping review, according to PRISMA Statement Extension for Scoping Reviews (PRISMA-ScR).





3.2 Indication to AS: Tested functions

One hundred and seventy-eight studies described the main function/functions being tested during awake surgery. As deducible from Figure 2, an increasing number of papers in the literature commenced focusing on the functions being tested during AS starting from the 2000s.




Figure 2 | (A) The histogram shows the time distribution (by years) of the papers included in the scoping review. (B) The pie chart summarizes distribution of the included papers among the various continents.



One hundred and seven studies (60%) were conducted in Europe, while thirty-nine (22%) were conducted in Asia. North America was the third most represented continent with eighteen articles (10%). A summarizing pie chart is available in Figure 2.

The main indication for AS was the monitoring of language spectrum functions which was addressed in 149 (84%) articles. The object naming task was the principal test administered during AS being employed in 104 (58%) studies. The verb naming task was utilized in 21 (12%) studies. Semantic association, comprehension, repetition, reading and writing was respectively addressed in 21 (12%), 9 (5%), 11 (6%), 28 (16%) and 2 (1%) papers. Three major studies focused on multilanguage patients and the use of a translator in the theatre during AS (21–23).

The second most frequent indication for AS was monitoring of the sensorimotor pathway which was assessed in 84 (48%) surgical series. The evaluation of fine movements and praxis were addressed in overall 22 (12%) studies.

The visuospatial pathway, including spatial awareness, was the third most assessed function being tested in 27 (15%) studies, with the line bisection test as the usual implemented task.

Seventeen (10%) papers focused on executive functions, such as inhibition and working memory, that were frequently assessed by the Stroop test and the double-task test.

Eight (5%) studies employed a test to identify emotional pathways and areas related to the theory of the mind.

Figure 3 pointed out as all the aforementioned functions have been objects of increasing interest in the literature over years, even if testing of executive function, emotional and visuospatial pathways has grown mainly in the last decade. The Well diagram showing the functions being tested in the surgical case series included in this review is plotted in Figure 4.




Figure 3 | The histograms show the time distribution (by years) for each function being tested in the included studies.






Figure 4 | The Well diagram shows the tested functions in the included surgical case series.





3.3 Eligibility criteria for AS: Exclusion criteria

Patients age ranged from 9 to 90 years. Particularly, 27 studies involved only adult populations and 9 both adults and children/adolescents (< 18 years). Two studies included only pediatric populations.

Regarding the anesthesiologic protocol, 21 studies reported patients as being operated on with AAA procedures (46,7%), whilst 22 articles adopted fully awake craniotomy (FA) protocols (48,9%). One paper embedded both the procedures (2,2%).

Among the articles which reported glioma histological grade, we found a total of 1129 patients affected by LGGs and 1138 HGGs.

The main features of these studies with the relative inclusion/exclusion criteria for AS are reported in Table 1.


Table 1 | Main characteristics of the studies, including relative inclusion and exclusion criteria.




3.3.1 Psychological exclusion criteria

Among the psychological exclusion criteria, cooperation inability and psychiatric conditions were the most recurrent, being respectively cited in 10 (22%) and 9 (20%) papers. In particular, direct mention of anxiety disorders was present in 5 (11,1%) articles, whilst 3 (7%) studies described different degrees of confusion and/or disorientation. Emotional disorders such as alexithymia or emotional instability were reported in 5 articles (11,1%). Developmental delay was cited in 2 (4,4%) papers. Only 2 (4,4%) studies reported quantitative measures to diagnose depression or anxiety levels.



3.3.2 Neuropsychological exclusion criteria

The most widely accepted cognitive exclusion parameters were severe aphasia, reported in 24 (53,3%) studies, and global cognitive impairment, reported in 10 (22,2%) studies. A few articles mentioned dysphasia (5 papers, 11,1%) and impairments affecting cognitive functions other than language (2 papers, 4,4%). Seven (15,5%) articles reported a specific percentage of errors at cognitive tests: 3 (6,7%) studies concerning object naming, 3 concerning global cognitive assessment (MMSE) and 1 (2,2%) addressing frontal assessment.



3.3.3 Neurological/neurosurgical exclusion criteria

Serious strength or cognitive deficits represented the most cited neurological exclusion criteria, being reported in 13 (28,8%) studies: a few of them used a neurological scale to quantify the deficit. Recurrent uncontrolled seizures were reported as exclusion criteria in 7 (15%) studies. Three papers (6,7%) indicated that patients were not considered suitable for AS in the case of previous cerebral surgery. Intracranial hypertension and dimensions of the tumor were considered exclusion criteria in 2 studies (4,4%). Finally, both the supposed aggressive histology (HGG) and multifocal lesions were reported as exclusion criteria in 1 (2,2%) paper.



3.3.4 Anesthesiologic exclusion criteria

The most important exclusion criteria according to the anesthesiologic perspective were respiratory and cardiovascular diseases that were reported in 10 (22%) and 7 (16%) papers. Obesity was cited in 8 (18%) studies. Only 2 (4%) studies directly mentioned the American Society of Anesthesiologists (ASA) scale. Reduction in mouth opening and severe gastroesophageal reflux were cited in a few articles. Finally, the presence of diabetes mellitus was considered in 1 paper (2,2%).



3.3.5 Other parameters

Age is one of the most discussed elements, being reported in 10 articles (22,2%), whilst patient's refusal was specifically addressed in 1 paper (2,2%).





4. Discussion

Resective surgery often represents the first and main treatment option for patients with gliomas. It is based on the subtle balance neurosurgeons experience every day while striving to remove an infiltrating, malignant tumor in the brain without violating patients' functional status and brain connections. In 2012, De Witt Hamer et al. published a meta-analysis of the literature evaluating the impact of intraoperative stimulation mapping (ISM) on brain glioma surgery (67). The authors found that ISM was associated with improved EOR and reduced risks of definitive neurological deficits, stating the universal adoption of ISM should be considered as the standard of care for glioma surgery, mostly in eloquent areas. In a recent score-matched analysis of an international and multicenter cohort study, AS related to longer OS and PFS as well as fewer definitive neurological deficits compared to asleep craniotomies for patients suffering from glioblastoma (68). To date, superior cognitive functions, such as language and executive functions, as well as dexterity, ideo-motor praxis and visuospatial pathways can be monitored through ISM only performing AS.

AS has changed and evolved over the years in regards to both its technical and conceptual aspects. Nonetheless, the indication and eligibility of glioma patients for this technique are not well established. Moreover, they often relate to center tradition and preferences as well as to surgeon experience and beliefs. This scoping review aims at shedding light on this intriguing topic, potentially helping young neurosurgeons and centers with less experience with the technique to better understand the selection process for addressing patients with AS.


4.1 Indication to AS: Tested functions


4.1.1 Testing of language

As shown in Figure 3, language is the most frequent superior function being tested in the surgical series included in this study as well as the earliest one. A recent meta-analysis demonstrated that awake craniotomy with electrical stimulation is associated with better long-term language outcomes, as well as higher chances of GTR and shorter in-ward stay (69).

Along with the paradigm shift from language as a function purely related to Broca and Wernicke areas to the hodological view of language as a result of parallel and large-scale distributed network interactions (70), ISM techniques during awake language monitoring have been subjected to important changes in recent years.

For example, the seminal work of Haglund and colleagues in 1994 (71) was based purely on cortical stimulation mapping to identify essential language sites, as stated by the authors. Nowadays, awake language monitoring involves extensive stimulation of both cortical areas and subcortical white matter tracts implied in language comprehension and production (72, 73). Particularly, articulatory disturbances could be elicited by stimulating the ventral premotor cortex, while stimulation of the pars orbitalis could cause semantic paraphasias (74). The latter might be also elicited when the inferior fronto-occipital fasciculus (IFOF) is stimulated (74). Phonemic paraphasias are related to superior longitudinal fasciculus (SLF) and arcuate fasciculus (AF) stimulation (74).

In this light, the non-dominant hemisphere is increasingly recognized to have a potential role in language functions. As per this review, the surgical series encompassing language monitoring of either the dominant and non-dominant hemispheres began to be reported in 2000 (75, 76) and those assessing language skills solely in the non-dominant hemisphere were reported starting from 2017 (77–79). Nonetheless, in the last decade monitoring of language functions has been applied predominantly to the dominant hemisphere: 90 (84%) studies included patients with gliomas in the left hemisphere, 12 (11%) studies included patients with gliomas located in the left or the right hemisphere, and only 3 (2,8%) studies included patients with gliomas in the right hemisphere.

Concerning intraoperative tasks, language monitoring was addressed mainly via the object (104 studies) and verb (21 studies) naming tests. Semantic association was tested in 20 (11,3%) articles. The non-verbal semantic association was frequently assessed through the pyramids palm and trees test (PPTT), which was used by Corrivetti et al. to find that errors in the semantic association domain were associated with pre-SMA stimulation (80), as well as by Prat-Acin et al. to show that dorsolateral prefrontal cortex stimulation is involved in the disruption of semantic processing (73). Stimulation of the pre-SMA should also be conducted during spontaneous speech because of the role of pre-SMA and FAT in spontaneous speech initiation and verbal fluency (81). The verbal semantic association were largely evaluated by the DO 80 picture naming task, which was invalidated by stimulation of the dorsolateral prefrontal cortex, pars triangularis and pars opercularis to a cortical level, and stimulation of the IFOF to a subcortical level (77, 82). De Witte et al. also suggested the employment of a lexical-semantic processing test to intraoperatively assess the verbal semantic association (83). It is available in multiple languages and might be employed to monitor verbal semantic association.

Writing and reading functions were respectively investigated in 2 (1%) and 28 (16%) articles. Lubrano et al. found the frontal lobe, particularly dominant F2 and F3, to be involved in these functions (84). Intriguing, stimulation of F2 determined irregular handwriting and words impossible to decipher, with the main writing disturbance being represented by orthographic errors. On the other hand, stimulation of F3 determined word or letter substitutions, paragraphia, and/or writing arrest. Reading was also showed to be disrupted by stimulation of the angular and supramarginal gyrus (83).



4.1.2 Testing of sensorimotor functions

Gliomas in the precentral gyrus have been considered unresectable for years. The introduction of ISM drastically changed this perspective as proved by the increasing number of case series in the literature that focused on this topic (Figure 3). The surgical technique of ISM for the resection of gliomas involving motor areas and pathways might be essentially reconnected to two main strategies: cortical and subcortical mapping with continuous motor evoked potential (MEP) monitoring, with or without awake craniotomy. While patients with gliomas in motor areas of the dominant hemisphere are likely to be operated on in awake settings (for example to monitor and preserve language and/or visuospatial functions as well), AS for gliomas in motor areas and pathways of the non-dominant hemisphere is often related to centers and neurosurgeons' preference and expertise. The Well diagram in Figure 4 demonstrated that only 20 studies, the 24% of the surgical series testing sensorimotor functions, monitored only the motor pathway during AS.

Concerning the mere motor monitoring, Saito et al. stated that the most useful advantage of combining awake surgery with continuous MEP monitoring is that the surgeon can monitor the motor function by directly observing patient intraoperative voluntary movements (IVMs) while comparing MEP changes that could be sometimes inaccurate as in case of brain shift (85). Nevertheless, a recent meta-analysis concluded that gliomas located near or in the motor areas of the brain can be safely carried out with either asleep and awake protocols, without differences in terms of EOR and definitive postoperative deficits (86).

In a recent experience on the praxis pathway stimulation, ideo-motor apraxia seemed not to be directly affected by M1 and pyramidal tract stimulations, but rather by direct electrical stimulation of the ventrolateral premotor cortex and supramarginal gyrus as well as of the subcortical frontoparietal white matter (87). As a consequence, the authors favored the use of awake motor mapping through an intraoperative motor task for tumors located in the praxis network in patients with no preoperative deficits, while suggesting an asleep motor mapping for patients with lesions near or involving the central sulcus, or patients with preoperative deficits or history of previous treatments (88).

While monitoring of M1 and pyramidal tract in asleep patients is reliably addressed by high frequency (HF) stimulation at the cortical and subcortical levels, stimulation of praxis circuits requires the use of low frequency (LF) technique during hand movement performance both at the cortical and subcortical level; hence, mapping of praxis tracts mandates AS.

Since buccofacial apraxia and limb apraxia seem to be related to different pathways (89), Morrison et al. identified the area of speech apraxia by LF DES of the lower pre- and postcentral gyri that were identified as areas of tongue movement by preoperative fMRI (90).

Three major studies mainly focused on multilanguage patients, demonstrating that the sites for each language were different and separate (21–23). In all three studies, the surgical time seemed not to be affected by intraoperative mapping of cortical and subcortical sites of the different languages. Sellier et al. reported the results obtained from 84 foreign patients and 18 different intraoperatively tested languages; the authors showed that the presence of the translator in the theatre allowed all the intraoperative tasks to be completed, with the rate of postoperative deficits being not affected by the inability of patients to communicate with the team. In the meantime, the EOR appeared to be inferior when dealing with foreign or multilanguage patients. Finally, ReFaey et al. highlighted that multilingual patients received higher DES current without influencing the rate of intraoperative seizure rates.



4.1.3 Testing of visuospatial pathway

As stated by Bertani et al., visuospatial mapping during awake surgery is usually performed in patients with lesions located in the parietal lobe and often is intermingled with language mapping (6). The test which resulted more frequently exploited in this review is the line bisection task. It is usually performed at the cortical and subcortical levels to avoid neglect and visual field deficits (6, 91).



4.1.4 Testing of executive functions and emotions

We merged the testing of executive functions and theory of mind/emotions in this paragraph because of the emerging interest these functions gained in the last decade.

Inhibition plays a fundamental role in decision making (one of the main executive functions) and lends itself to be tested during AS through the Stroop test. As suggested by the reviewed surgical series, testing of executive functions might be particularly useful when dealing with tumors of the anterior cingulate cortex (92).

The theory of mind is described as the process of inferring others' mental states, which relates to emotions, thoughts and feelings (78). It can be intraoperatively tested via the "Reading the Mind in the Eyes" (RME) test (93). The areas involved in social cognition and the Theory of Mind were identified variously among the awake series of this review. Yordanova et al. identified two clusters of responsive stimulations, one in the dorsolateral prefrontal cortex and the other in the right inferior frontal gyrus (IFG) (78). Nakajima et al. related the premotor and posterior parts of the prefrontal cortices to various kinds of basic emotions, demonstrating that the preservation of a positive site is associated with basic emotion function preservation even in cases of transient decline after surgery (94).

Since dysexecutive syndromes are characterized by behavioral and cognitive symptoms that contribute to loss of autonomy (95), awake monitoring of executive functions might theoretically reduce their occurrence, improving patients' quality of life (35, 73). Nonetheless, the results of this review pointed out the still restricted evidence about the oncological and functional impact of higher executive functions' intraoperative monitoring. A thorough cognitive assessment performed in conjunction with language testing should be a necessary step in the global evaluation of glioma patients, both before and after surgery, to investigate the added value of testing higher cognitive functions intraoperatively (63).



4.1.5 Indication to AS – Final commentary

Indications for AS changed over the years as well as its technical and conceptual aspects. The preservation of language is the most frequent and widely recognized indication to awake patients. The increasing application of AS and the unceasing study of brain connections made it possible to map different language networks as proved by the growing surgical series in this review that tested domains different from those classically related to speech production and naming. Hand dexterity and praxis are essential functions that might heavily impact patient quality of life. Their preservation represents the main indication to awake patients with gliomas affecting sensorimotor areas. The visuospatial pathway should be tested every time neurosurgeons suspected the patient might be at risk of developing neglect or hemianopia since they could increase morbidity. The line bisection task proved to be reliable and reproducible for patients with gliomas near optic radiations. Finally, executive functions and Theory of Mind could be addressed by simple intraoperative tests, such as the Stroop and RME tests. They are usually employed when dealing with lesions affecting the anterior cingulate and the dorsolateral, premotor and prefrontal cortices.

In accordance with the results of this scoping review, a summary of the implemented intraoperative tasks and tested function being assessed in relation to specific brain regions is available in Table 2.


Table 2 | Implemented intraoperative tasks and tested function being assessed in relation to specific brain regions.






4.2 Eligibility criteria for AS – Exclusion criteria


4.2.1 Psychological exclusion criteria

Cooperation and active participation of the patient are the most important factors for a successful procedure (29). Therefore, one of the most cited exclusion criteria is the impossibility for the patient to positively cooperate with the surgical team: during AS, non-compliant behavior may cause significant and severe complications which may at least determine the abortion of the awake phase. Inability to cooperate may be due to several reasons, from disorganized or apathetic behaviors to cognitive deficits or personality structure issues (6, 34). Another possible cause of uncooperative behavior is the lack of sufficient confidence in the medical team, an aspect highlighted by Huguet et al. (32) and by Hejrati et al. (53), which pointed out the importance of sensible management of the patient and relatives. In this regard, the level of motivation is another considered psychological aspect (32); it should not be underestimated the attention dedicated by clinicians to this issue and the need for thorough and comprehensive explanations to the patient and relatives. In the authors' experience, a strong bond between the surgical team and the patient and its family increases motivation and facilitates positive cooperation with AS, while helping the patient to cope with anxiety and fear of surgery, especially in the intraoperative awake scenario.

Another well-established exclusion criterion is the presence of psychiatric diseases such as psychotic or personality disorders, obsessive-compulsive disorder and depression (32, 46, 52, 96). These elements can be assessed through the anamnestic recollection but, in case of doubts, specific questionnaires or scales can also be administered. From this review, Santini and colleagues (96) used the following scales to diagnose psychiatric symptoms and, in case of clinically significant scores, they excluded the patient: the Beck Depression Inventory (97) for depressive symptoms and the State-Trait Anxiety Inventory (98) for anxiety levels. Goebel et al. (47) suggested using the Hospital Anxiety and Depression Scale (HADS) (99).

Anxiety is the most frequently assessed psychopathological disorder, including its different sub-types such as panic attacks and phobias (31, 35, 37, 40, 47, 52, 56, 58, 61). A careful examination of these aspects can predict the ability to control anxiety and fear related to AS. Undoubtedly, some levels of anxiety or mood deflection are frequently found in hospitalized patients; it is fundamental to understand whether it is possible managing them through specific psychological work before surgery, or whether they are too severe to enable positive cooperation before and during AS.

Depressive disorders can affect cooperation during surgery since depressive symptoms may reduce pain tolerance levels (53, 96).

Emotional lability and alexithymia were also considered as possible exclusion criteria (32, 38, 48, 57, 65) as well as confusion, disorientation and developmental delay, due to the consequent inability to understand the surgical procedure and cooperate during it (25, 35, 37, 57, 66).



4.2.2 Neuropsychological exclusion criteria

Nowadays, a neuropsychological evaluation is considered mandatory for AS procedures, as it allows clinicians to detect specific cognitive alterations for each patient to verify the presence of a pre-operative cognitive deficit that would preclude correct tailoring and execution of intraoperative tests (6, 32, 100). Most of the included works provided only a general description of the neuropsychological parameters to be taken into account during the selection phase of patients for AS and focused mainly on language testing. Severe aphasia is a widely described criterion, though rarely further specified; only a few articles (34, 46, 58, 59, 96) specify a percentage (50%, 25% or 20%) of errors as the cut-off for patient inclusion or exclusion. In the case of a pre-existing preoperative language impairment, the awake team should tailor the intraoperative tasks to the patient needs and abilities, keeping in mind that a severe impairment may be present in isolated linguistic levels while other modalities/levels could be still intact. As reported by De Witte et al., the items the patient is unable to perform correctly in the preoperative assessments should be left out of the set for intraoperative testing to ensure that the errors in the awake setting are due to cortical stimulation and not caused by a pre-existing deficit (83).

Poor global cognitive status was generally reported as an exclusion criterion as it prevents patients from a correct comprehension of the procedures. In some cases (34, 42, 47), an impaired Mini-Mental State Examination (MMSE) (101) was used as an objective parameter to evaluate a global cognitive impairment, although used alone it is not considered an extensive instrument to describe patients' cognitive abilities.

Dysphasia was another reported parameter in several studies (31, 33, 37, 48, 54), due to its implications concerning language production.

Impairments involving cognitive functions other than language, such as neglect or attention, were rarely reported as they do not necessarily represent exclusion parameters for language monitoring.

To maximize the coherence among evaluations and to increase the reliability of patient answers during the mapping phase, a few works (6, 34, 37, 42) recommended that both the preoperative and intraoperative tests should be administered by the same neuropsychologist; patients would also be reassured by the presence of a known person talking with them during AS.



4.2.3 Neurological/neurosurgical exclusion criteria

Concerning patient functional and neurological status, the Karnofsky Performance Status (with a score below 70), the Medical Research Council Muscle Strength scale (score < 2) and the LOVETT scale (score < 3) were often implemented as useful tools on which patient eligibility is based on (30, 35, 36, 51, 59, 61, 65, 96).

Another exclusion criterion was represented by uncontrolled epilepsy, which might increase the intraoperative risk of seizures (27, 37, 40). Previous brain surgery is a less frequently cited exclusion criterion (24, 27, 102) as well as considerations about tumor dimension: Pereira et al. (65) stated excluding patients for AS due to tumor diameter superior to 10 cm, while Garavaglia et al. (61) excluded large lesions provoking midline shift. Finally, another rarely cited parameter was endocranial hypertension (40, 42). In the authors' opinion, endocranial hypertension compromising the patient neurological status constitutes an obvious exclusion criterion. Concerning tumor volume, it should not necessarily represent a negative factor, even if it might be related to longer surgical time thus negatively affecting patient cooperation. In this view, AAA technique might be preferred in case of larger tumors, limiting the awake period duration to that strictly necessary to complete the functional boundaries delimitation.

4.2.4 Anesthesiologic exclusion criteria

Two main disease categories were widely considered as exclusion criteria: respiratory and cardiovascular. Among the first group, difficult airways, obstructive sleep apnea, asthma and severe chronic obstructive pulmonary disease were exclusion criteria due to the difficulties of intubation and sedation they may provoke (6, 26, 36, 37, 40, 42, 45, 49, 61, 62).

Cardiovascular disorders are less detailed, only severe cardiomyopathies and the presence of pacemakers were further specified (6, 26, 30, 36, 37, 40, 42, 60).

Several studies recognized obesity as an exclusion parameter and, in some cases, with a Body Mass Index cut-off of 35 (37, 62). This criterion was adopted in a preventive view to reducing the incidence of aspiration (62) or other complications that would be difficult to manage in the awake setting, such as airway obstruction due to oversedation with an exposed and vulnerable brain, or hypercarbia, a potential stimulator of the cerebral blood flow which might lead to intraoperative bleeding, brain swelling and increased surgical difficulties (61).

Gastroesophageal reflux was considered an exclusion criterion due to possible complications with the positioning of the laryngeal mask (53, 61, 62).

Some clinicians reported using the American Society of Anesthesiologists scale, with an exclusion cut-off score of 3, to maximally objectify the eligibility decision according to an anesthesiologic point of view (30, 65).



4.2.5 Other exclusion criteria

Age was widely considered as a possible exclusion criterion, even if standardization is lacking: lots of works described AS for patients older than 60 (6, 13, 25–27, 34, 38, 41, 42, 45, 46, 49, 60) or than 70 years of age (33, 35, 39, 47, 53, 56, 58, 61, 64–66, 96). In some cases, also elderly people were awakened (29, 31, 39, 40, 48, 52). On the other hand, considering the pediatric population (< 18 years old), several works adopted AS for children and adolescents (6, 24, 25, 29, 32, 33, 39, 43, 48, 50, 52).

In the pediatric population, age may influence the possibility for young patients to sufficiently understand and cooperate. Huguet and colleagues (32) report that AS in children should be carefully evaluated due to higher psychological fragility and increased surgical risks, though if well selected and prepared, children can have a similar awake outcome to that of adult patients.

A few studies reported excluding only very young children (<10-13 years) (30, 43, 66), whilst others restrict the population eligible for AS to adolescents and adults (16-18 years) (25, 55, 60, 96). One of the main concerns regarding AS in children could be the use of intraoperative tasks that had been standardized for the adult population. Collée et al. recently reported the case of a 12-year-old child undergoing AS with the use of standardized language tests for children. According to the authors, language tests for children allow a careful assessment of language in younger people, while excluding the possibility of a concomitant developmental language disorder (103).

Concerning histology, only one paper declares to exclude patients if HGG is suspected (44), though without further explanations. A recent meta-analysis by Zhang et al. (104), which investigated outcomes of AS for glioblastomas (GBMs), demonstrated the viability of AS for GBM resection in or near eloquent areas. Particularly, the use of AS was associated with a low rate of persistent postoperative neurological deficits (1,9%) while achieving an acceptable rate of GTR (74,7%).



4.2.6 Exclusion criteria – Final commentary

The findings of this scoping review pointed out that the eligibility criteria for AS are still poorly standardized.

The inability of the patient to cooperate represented a shared exclusion criterion among the included surgical series. Likewise, the presence of a severe language deficit before surgery was generally accepted as an exclusion criterion for AS. Nonetheless, very few papers in our sample mentioned specific deficient language levels or exact cut-off values for grading the preoperative language impairment that were used during the patient selection process for AS.

Similarly, many papers deemed psychological disorders (i.e. anxiety) and other medical conditions (i.e. cardiovascular diseases, obesity, etc.) as exclusion criteria, without specifying any objective parameters to exclude patients from AS.

Concerning patient age and tumor histological features, this review included patients with an age range from 9 to 90 years who were affected by different tumor types and grades of brain gliomas.





5. Limits

The main limitation of the paper is that relevant pieces of information regarding age, gender, histology and surgery protocol lack in several of the included studies, thus leading to a significant loss of information for our work. Some of these elements have been investigated only in a few articles, preventing us from having a wider sample of information to describe and compare.



6. Conclusions

The results of this review suggest that the indication and eligibility of patients for AS are still not fully standardized. The main indication to awaken patients with gliomas in eloquent areas is represented by language monitoring, even if tasks and stimulation techniques changed over the years. The sensorimotor pathway is the second most frequent indication of AS. Even if the mere monitoring of the pyramidal tract might be addressed in asleep settings, growing attention to dexterity and praxis emerged in the last decade. In the meantime, this review demonstrated an increasing interest in functions different from those of language and sensorimotor pathways such as executive functions, social cognition and emotions that might be addressed when dealing with lesions of the anterior cingulate and the dorsolateral, premotor and prefrontal cortices.

Inability to cooperate, severe aphasia, psychological disorder, such as pathological anxiety and depression, or medical conditions, such as severe respiratory and cardiovascular diseases, or obesity, are shared exclusion conditions that however are not identified through standard cut-offs. Future efforts should be focused on the quantitative evaluation of these variables, in order to minimize uncertainties in patient selection and safely expand the pool of candidates for awake surgery.

Given the broad spectrum of functions that might be safely and effectively investigated and preserved via awake mapping and monitoring, in line with the growing body of the recent literature, this technique should no longer be confined to lesions located in areas classically considered eloquent and/or to the dominant hemisphere. Neurosurgeons and their teams should tailor intraoperative testing on individual patient needs, abilities and brain connectivity, as well as on tumor location and features. Whenever the aforementioned exclusion criteria are not fulfilled, AS should be strongly considered for glioma patients (Figure 5).




Figure 5 | Flow-chart of the proposed patient selection process for indication and eligibility to AS suggested by the authors on the basis of this scoping review results.





Data availability statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding author.



Authors contributions

GF: study design and methodology, data and statistical analysis, figures and graphs, wrote the draft, finally reviewed the manuscript. GA-F: data collection, data analysis, tables, wrote the draft. AF and LT: data collection and analysis, tables. CB, VC, MV, FC, MC, MP, SB: data analysis and finally reviewed the manuscript. ML and GB: study design and methodology, data analysis, revised the draft and finally reviewed the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This study , as well as its dissemination, was supported by "Associazione Amici della Clinica Neurochirurgica".



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



References

1. Penfield, W. Combined regional and general anesthesia for craniotomy and cortical exploration. i. neurosurgical considerations. Curr Res Anesth Analg (1954) 33:145–55.

2. Bulsara, KR, Johnson, J, and Villavicencio, AT. Improvements in brain tumor surgery: the modern history of awake craniotomies. Neurosurg Focus (2005) 18:1–3. doi: 10.3171/foc.2005.18.4.6

3. Erickson, KM, and Cole, DJ. Anesthetic considerations for awake craniotomy for epilepsy. Anesthesiol Clin (2007) 25:535–55. doi: 10.1016/j.anclin.2007.06.001

4. Maesawa, S, Nakatsubo, D, Fujii, M, Iijima, K, Kato, S, Ishizaki, T, et al. Application of awake surgery for epilepsy in clinical practice. Neurol Med Chir (Tokyo) (2018) 58:442–52. doi: 10.2176/nmc.oa.2018-0122

5. Duffau, H, Gatignol, P, Mandonnet, E, Capelle, L, and Taillandier, L. Intraoperative subcortical stimulation mapping of language pathways in a consecutive series of 115 patients with grade II glioma in the left dominant hemisphere. J Neurosurg (2008) 109:461–71. doi: 10.3171/JNS/2008/109/9/0461

6. Bertani, G, Fava, E, Casaceli, G, Carrabba, G, Casarotti, A, Papagno, C, et al. Intraoperative mapping and monitoring of brain functions for the resection of low-grade gliomas: Technical considerations. Neurosurg Focus (2009) 27(4):E4. doi: 10.3171/2009.8.FOCUS09137

7. Beez, T, Boge, K, Wager, M, Whittle, I, Fontaine, D, Spena, G, et al. Tolerance of awake surgery for glioma: a prospective European low grade glioma network multicenter study. Acta Neurochir (Wien) (2013) 155:1301–8. doi: 10.1007/s00701-013-1759-0

8. Machado, A, Rezai, AR, Kopell, BH, Gross, RE, Sharan, AD, and Benabid, A-L. Deep brain stimulation for parkinson’s disease: Surgical technique and perioperative management. Mov Disord (2006) 21:S247–58. doi: 10.1002/mds.20959

9. Kochanski, R, and Sani, S. Awake versus asleep deep brain stimulation surgery: Technical considerations and critical review of the literature. Brain Sci (2018) 8:17. doi: 10.3390/brainsci8010017

10. Piccioni, F, and Fanzio, M. Management of anesthesia in awake craniotomy. Minerva Anestesiol (2008) 74:393–408.

11. Mandonnet, E, De Witt Hamer, P, Poisson, I, Whittle, I, Bernat, AL, Bresson, D, et al. Initial experience using awake surgery for glioma: Oncological, functional, and employment outcomes in a consecutive series of 25 cases. Neurosurgery (2015) 76:382–9. doi: 10.1227/NEU.0000000000000644

12. Pertz, M, Schlegel, U, and Thoma, P. Sociocognitive functioning and psychosocial burden in patients with brain tumors. Cancers (Basel) (2022) 14:1–25. doi: 10.3390/cancers14030767

13. Bello, L, Gallucci, M, Fava, M, Carrabba, G, Giussani, C, Acerbi, F, et al. Intraoperative subcortical languagetract mapping guides surgical removalof gliomas involving speech areas. Neurosurgery (2007) 60:67–82. doi: 10.1227/01.NEU.0000249206.58601.DE

14. Duffau, H. Awake surgery for nonlanguage mapping. Neurosurgery (2010) 66:523–9. doi: 10.1227/01.NEU.0000364996.97762.73

15. Stummer, W, Reulen, H-J, Meinel, T, Pichlmeier, U, Schumacher, W, Tonn, J-C, et al. Extent of resection and survival in glioblastoma multiforme: identification of and adjustment for bias. Neurosurgery (2008) 62:564–76. doi: 10.1227/01.neu.0000317304.31579.17

16. Stupp, R, Mason, WP, Van Den Bent, MJ, Weller, M, Fisher, B, Taphoorn, MJB, et al. Radiotherapy plus concomitant and adjuvant temozolomide for glioblastoma. N Engl J Med (2005) 352:987–96. doi: 10.1056/NEJMoa043330

17. McGirt, MJ, Chaichana, KL, Attenello, FJ, Weingart, JD, Than, K, Burger, PC, et al. Extent of surgical resection is independently associated with survival in patients with hemispheric infiltrating low-grade gliomas. Neurosurgery (2008) 63:700–8. doi: 10.1227/01.NEU.0000325729.41085.73

18. Soffietti, R, Baumert, BG, Bello, L, Von Deimling, A, Duffau, H, Frénay, M, et al. Guidelines on management of low-grade gliomas: report of an EFNS–EANO* task force. Eur J Neurol (2010) 17:1124–33. doi: 10.1111/j.1468-1331.2010.03151.x

19. Stupp, R, Tonn, J-C, Brada, M, and Pentheroudakis, G. High-grade malignant glioma: ESMO clinical practice guidelines for diagnosis, treatment and follow-up. Ann Oncol (2010) 21:v190–3. doi: 10.1093/annonc/mdq187

20. Tricco, AC, Lillie, E, Zarin, W, O’Brien, KK, Colquhoun, H, Levac, D, et al. PRISMA extension for scoping reviews (PRISMA-ScR): Checklist and explanation. Ann Intern Med (2018) 169:467–73. doi: 10.7326/M18-0850

21. Bello, L, Acerbi, F, Giussani, C, Baratta, P, Taccone, P, Songa, V, et al. Intraoperative language localization in multilingual patients with gliomas. Neurosurgery (2006) 59:115–23. doi: 10.1227/01.NEU.0000219241.92246.FB

22. ReFaey, K, Tripathi, S, Bhargav, AG, Grewal, SS, Middlebrooks, EH, Sabsevitz, DS, et al. Potential differences between monolingual and bilingual patients in approach and outcome after awake brain surgery. J Neurooncol (2020) 148:587–98. doi: 10.1007/s11060-020-03554-0

23. Sellier, A, Moritz-Gasser, S, Lemaitre, AL, Herbet, G, and Duffau, H. Presence of a translator in the operating theater for awake mapping in foreign patients with low-grade glioma: A surgical experience based on 18 different native languages. J Neurosurg (2021) 135:496–504. doi: 10.3171/2020.6.JNS201071

24. Norrelgen, F, Jensdottir, M, and Östberg, P. High-level language outcomes three and twelve months after awake surgery in low grade glioma and cavernoma patients. Clin Neurol Neurosurg (2020) 195:105946. doi: 10.1016/j.clineuro.2020.105946

25. Li, T, Bai, H, Wang, G, Wang, W, Lin, J, Gao, H, et al. Glioma localization and excision using direct electrical stimulation for language mapping during awake surgery. Exp Ther Med (2015) 9:1962–6. doi: 10.3892/etm.2015.2359

26. Alimohamadi, M, Shirani, M, Shariat Moharari, R, Pour-Rashidi, A, Ketabchi, M, Khajavi, M, et al. Application of awake craniotomy and intraoperative brain mapping for surgical resection of insular gliomas of the dominant hemisphere. World Neurosurg (2016) 92:151–8. doi: 10.1016/j.wneu.2016.04.079

27. Saito, T, Muragaki, Y, Maruyama, T, Tamura, M, Nitta, M, Tsuzuki, S, et al. Difficulty in identification of the frontal language area in patients with dominant frontal gliomas that involve the pars triangularis. J Neurosurg (2016) 125:803–11. doi: 10.3171/2015.8.JNS151204

28. Krieg, SM, Schnurbus, L, Shiban, E, Droese, D, Obermueller, T, Buchmann, N, et al. Surgery of highly eloquent gliomas primarily assessed as non-resectable: risks and benefits in a cohort study. BMC Cancer (2013) 13:51. doi: 10.1186/1471-2407-13-51

29. Kuribara, T, Akiyama, Y, Mikami, T, Kimura, Y, Komatsu, K, Enatsu, R, et al. Preoperative prediction of communication difficulties during awake craniotomy in glioma patients: A retrospective evaluation of 136 cases at a single institution. Neurol Med Chir (Tokyo) (2020) 61:21–32. doi: 10.2176/nmc.oa.2020-0232

30. Benyaich, Z, Hajhouji, F, Laghmari, M, Ghannane, H, Aniba, K, Lmejjati, M, et al. Awake craniotomy with functional mapping for glioma resection in a limited-Resource-Setting: Preliminary experience from a lower-middle income country. World Neurosurg (2020) 139:200–7. doi: 10.1016/j.wneu.2020.04.039

31. Nossek, E, Matot, I, Shahar, T, Barzilai, O, Rapoport, Y, Gonen, T, et al. Failed awake craniotomy: a retrospective analysis in 424 patients undergoing craniotomy for brain tumor. J Neurosurg (2013) 118:243–9. doi: 10.3171/2012.10.JNS12511

32. Huguet, L, Lohkamp, L-N, Beuriat, P-A, Desmurget, M, Bapteste, L, Szathmari, A, et al. Psychological aspects of awake brain surgery in children–interests and risks. Child’s Nerv Syst (2020) 36:273–9. doi: 10.1007/s00381-019-04308-8

33. Manchella, S, Khurana, VG, Duke, D, Brussel, T, French, J, and Zuccherelli, L. The experience of patients undergoing awake craniotomy for intracranial masses: expectations, recall, satisfaction and functional outcome. Br J Neurosurg (2011) 25:391–400. doi: 10.3109/02688697.2011.568640

34. Nabavi, A, Goebel, S, Doerner, L, Warneke, N, Ulmer, S, and Mehdorn, M. Awake craniotomy and intraoperative magnetic resonance imaging. Top Magn Reson Imaging (2008) 19:191–6. doi: 10.1097/RMR.0b013e3181963b46

35. Zigiotto, L, Annicchiarico, L, Corsini, F, Vitali, L, Falchi, R, Dalpiaz, C, et al. Effects of supra-total resection in neurocognitive and oncological outcome of high-grade gliomas comparing asleep and awake surgery. J Neurooncol (2020) 148:97–108. doi: 10.1007/s11060-020-03494-9

36. Balogun, JA, Idowu, OK, and Malomo, AO. Challenging the myth of outpatient craniotomy for brain tumor in a Sub-Saharan African setting: A case series of two patients in ibadan, Nigeria. Surg Neurol Int (2019) 10:1–6. doi: 10.25259/SNI-47-2019

37. Pichierri, A, Bradley, M, and Iyer, V. Intraoperative magnetic resonance imaging–guided glioma resections in awake or asleep settings and feasibility in the context of a public health system. World Neurosurg X (2019) 3:100022. doi: 10.1016/j.wnsx.2019.100022

38. Hulou, MM, Cote, DJ, Olubiyi, OI, Smith, TR, Chiocca, EA, and Johnson, MD. Awake right hemisphere brain surgery. J Clin Neurosci (2015) 22:1921–7. doi: 10.1016/j.jocn.2015.06.009

39. Giussani, C, Riva, M, Gallucci, M, Boukhatem, L, Sganzerla, EP, Demonet, J-F, et al. Anatomical correlates for category-specific naming of living and non-living things. Neuroimage (2011) 56:323–9. doi: 10.1016/j.neuroimage.2011.01.080

40. Groshev, A, Padalia, D, Patel, S, Garcia-Getting, R, Sahebjam, S, Forsyth, PA, et al. Clinical outcomes from maximum-safe resection of primary and metastatic brain tumors using awake craniotomy. Clin Neurol Neurosurg (2017) 157:25–30. doi: 10.1016/j.clineuro.2017.03.017

41. Maldaun, MVC, Khawja, SN, Levine, NB, Rao, G, Lang, FF, Weinberg, JS, et al. Awake craniotomy for gliomas in a high-field intraoperative magnetic resonance imaging suite: analysis of 42 cases. J Neurosurg (2014) 121:810–7. doi: 10.3171/2014.6.JNS132285

42. Lu, J, Wu, J, Yao, C, Zhuang, D, Qiu, T, Hu, X, et al. Awake language mapping and 3-Tesla intraoperative MRI-guided volumetric resection for gliomas in language areas. J Clin Neurosci (2013) 20:1280–7. doi: 10.1016/j.jocn.2012.10.042

43. Chacko, AG, Thomas, SG, Babu, KS, Daniel, RT, Chacko, G, Prabhu, K, et al. Awake craniotomy and electrophysiological mapping for eloquent area tumours. Clin Neurol Neurosurg (2013) 115:329–34. doi: 10.1016/j.clineuro.2012.10.022

44. Klijn, E, Hulscher, HC, Balvers, RK, Holland, WPJ, Bakker, J, Vincent, AJPE, et al. Laser speckle imaging identification of increases in cortical microcirculatory blood flow induced by motor activity during awake craniotomy. J Neurosurg (2013) 118:280–6. doi: 10.3171/2012.10.JNS1219

45. Leuthardt, EC, Lim, CCH, Shah, MN, Evans, JA, Rich, KM, Dacey, RG, et al. Use of movable high-Field-Strength intraoperative magnetic resonance imaging with awake craniotomies for resection of gliomas: Preliminary experience. Neurosurgery (2011) 69:194–206. doi: 10.1227/NEU.0b013e31821d0e4c

46. Sarubbo, S, Latini, F, Panajia, A, Candela, C, Quatrale, R, Milani, P, et al. Awake surgery in low-grade gliomas harboring eloquent areas: 3-year mean follow-up. Neurol Sci (2011) 32:801–10. doi: 10.1007/s10072-011-0587-3

47. Goebel, S, Nabavi, A, Schubert, S, and Mehdorn, HM. Patient perception of combined awake brain tumor surgery and intraoperative 1.5-T magnetic resonance imaging. Neurosurgery (2010) 67:594–600. doi: 10.1227/01.NEU.0000374870.46963.BB

48. Sanai, N, Mirzadeh, Z, and Berger, MS. Functional outcome after language mapping for glioma resection. N Engl J Med (2008) 358:18–27. doi: 10.1056/nejmoa067819

49. Picht, T, Kombos, T, Gramm, HJ, Brock, M, and Suess, O. Multimodal protocol for awake craniotomy in language cortex tumour surgery. Acta Neurochir (Wien) (2006) 148:127–37. doi: 10.1007/s00701-005-0706-0

50. Klimek, M, Verbrugge, SJC, Roubos, S, van der Most, E, Vincent, AJ, and Klein, J. Awake craniotomy for glioblastoma in a 9-year-old child. Anaesthesia (2004) 59:607–9. doi: 10.1111/j.1365-2044.2004.03675.x

51. Kwinta, BM, Myszka, AM, Bigaj, MM, Krzyżewski, RM, and Starowicz-Filip, A. Intra- and postoperative adverse events in awake craniotomy for intrinsic supratentorial brain tumors. Neurol Sci (2021) 42:1437–41. doi: 10.1007/s10072-020-04683-0

52. Coskun, E, Yakar, F, Baykara, E, Civlan, S, Bakirarar, B, and Egemen, E. Experience of fully awake craniotomy for supratentorial lesions: a single-institution study. Turk Neurosurg (2020) 30(6):907–913. doi: 10.5137/1019-5149.JTN.30747-20.2

53. Hejrati, N, Spieler, D, Samuel, R, Regli, L, Weyerbrock, A, and Surbeck, W. Conscious experience and psychological consequences of awake craniotomy. World Neurosurg (2019) 129:e381–6. doi: 10.1016/j.wneu.2019.05.156

54. Wang, Y-C, Lee, C-C, Takami, H, Shen, S, Chen, K-T, Wei, K-C, et al. Awake craniotomies for epileptic gliomas: intraoperative and postoperative seizure control and prognostic factors. J Neurooncol (2019) 142:577–86. doi: 10.1007/s11060-019-03131-0

55. Sollmann, N, Kelm, A, Ille, S, Schröder, A, Zimmer, C, Ringel, F, et al. Setup presentation and clinical outcome analysis of treating highly language-eloquent gliomas via preoperative navigated transcranial magnetic stimulation and tractography. Neurosurg Focus (2018) 44:E2. doi: 10.3171/2018.3.FOCUS1838

56. Leal, RTM, Barcellos, BM, and Landeiro, JA. Technical aspects of awake craniotomy with mapping for brain tumors in a limited resource setting. World Neurosurg (2018) 113:67–72. doi: 10.1016/j.wneu.2018.02.013

57. Sitnikov, A, Grigoryan, Y, and Mishnyakova, L. Awake craniotomy without sedation in treatment of patients with lesional epilepsy. Surg Neurol Int (2018) 9:177. doi: 10.4103/sni.sni_24_18

58. Leal, RTM, da Fonseca, CO, and Landeiro, JA. Patients’ perspective on awake craniotomy for brain tumors–single center experience in Brazil. Acta Neurochir (Wien) (2017) 159:725–31. doi: 10.1007/s00701-017-3125-0

59. Bunyaratavej, K, Sangtongjaraskul, S, Lerdsirisopon, S, and Tuchinda, L. Continuous physical examination during subcortical resection in awake craniotomy patients: Its usefulness and surgical outcome. Clin Neurol Neurosurg (2016) 147:34–8. doi: 10.1016/j.clineuro.2016.05.021

60. Krieg, SM, Tarapore, PE, Picht, T, Tanigawa, N, Houde, J, Sollmann, N, et al. Optimal timing of pulse onset for language mapping with navigated repetitive transcranial magnetic stimulation. Neuroimage (2014) 100:219–36. doi: 10.1016/j.neuroimage.2014.06.016

61. Garavaglia, MM, Das, S, Cusimano, MD, Crescini, C, Mazer, CD, Hare, GMT, et al. Anesthetic approach to high-risk patients and prolonged awake craniotomy using dexmedetomidine and scalp block. J Neurosurg Anesthesiol (2014) 26:226–33. doi: 10.1097/ANA.0b013e3182a58aba

62. Deras, P, Moulinié, G, Maldonado, IL, Moritz-Gasser, S, Duffau, H, and Bertram, L. Intermittent general anesthesia with controlled ventilation for asleep-Awake-Asleep brain surgery. Neurosurgery (2012) 71:764–72. doi: 10.1227/NEU.0b013e3182647ab8

63. Santini, B, Talacchi, A, Squintani, G, Casagrande, F, Capasso, R, and Miceli, G. Cognitive outcome after awake surgery for tumors in language areas. J Neurooncol (2012) 108:319–26. doi: 10.1007/s11060-012-0817-4

64. Rughani, AI, Rintel, T, Desai, R, Cushing, DA, and Florman, JE. Development of a safe and pragmatic awake craniotomy program at Maine medical center. J Neurosurg Anesthesiol (2011) 23:18–24. doi: 10.1097/ANA.0b013e3181ebf050

65. Pereira, LCM, Oliveira, KM, L‘ Abbate, GL, Sugai, R, Ferreira, JA, and da Motta, LA. Outcome of fully awake craniotomy for lesions near the eloquent cortex: analysis of a prospective surgical series of 79 supratentorial primary brain tumors with long follow-up. Acta Neurochir (Wien) (2009) 151:1215–30. doi: 10.1007/s00701-009-0363-9

66. Gupta, DK, Chandra, PS, Ojha, BK, Sharma, BS, Mahapatra, AK, and Mehta, VS. Awake craniotomy versus surgery under general anesthesia for resection of intrinsic lesions of eloquent cortex–a prospective randomised study. Clin Neurol Neurosurg (2007) 109:335–43. doi: 10.1016/j.clineuro.2007.01.008

67. De Witt Hamer, PC, Robles, SG, Zwinderman, AH, Duffau, H, and Berger, MS. Impact of intraoperative stimulation brain mapping on glioma surgery outcome: A meta-analysis. J Clin Oncol (2012) 30:2559–65. doi: 10.1200/JCO.2011.38.4818

68. Gerritsen, JKW, Zwarthoed, RH, Kilgallon, JL, Nawabi, NL, Jessurun, CAC, Versyck, G, et al. Effect of awake craniotomy in glioblastoma in eloquent areas (GLIOMAP): a propensity score-matched analysis of an international, multicentre, cohort study. Lancet Oncol (2022) 23:802–17. doi: 10.1016/S1470-2045(22)00213-3

69. Bu, LH, Zhang, J, Lu, JF, and Wu, JS. Glioma surgery with awake language mapping versus generalized anesthesia: a systematic review. Neurosurg Rev (2021) 44:1997–2011. doi: 10.1007/s10143-020-01418-9

70. Duffau, H. The anatomo-functional connectivity of language revisited. new insights provided by electrostimulation and tractography. Neuropsychologia (2008) 46:927–34. doi: 10.1016/j.neuropsychologia.2007.10.025

71. Haglund, MM, Berger, MS, Shamseldin, M, Lettich, E, and Ojemann, GA. Cortical localization of temporal lobe language sites in patients with gliomas. Neurosurgery (1994) 34:567–76. doi: 10.1227/00006123-199404000-00001

72. Berro, DH, Herbet, G, and Duffau, H. New insights into the anatomo-functional architecture of the right sagittal stratum and its surrounding pathways: an axonal electrostimulation mapping study. Brain Struct Funct (2021) 226:425–41. doi: 10.1007/s00429-020-02186-4

73. Prat-Acín, R, Galeano-Senabre, I, López-Ruiz, P, Ayuso-Sacido, A, and Espert-Tortajada, R. Intraoperative brain mapping of language, cognitive functions, and social cognition in awake surgery of low-grade gliomas located in the right non-dominant hemisphere. Clin Neurol Neurosurg (2021) 200:106363. doi: 10.1016/j.clineuro.2020.106363

74. Benzagmout, M, Gatignol, P, and Duffau, H. Resection of world health organization grade II gliomas involving broca’s area: Methodological and functional considerations. Neurosurgery (2007) 61:741–52. doi: 10.1227/01.NEU.0000298902.69473.77

75. Ebel, H, Ebel, M, Schillinger, G, Klimek, M, Sobesky, J, and Klug, N. Surgery of intrinsic cerebral neoplasms in eloquent areas under local anesthesia. min - Minim Invasive Neurosurg (2000) 43:192–6. doi: 10.1055/s-2000-11372

76. Tomczak, RJ, Wunderlich, AP, Wang, Y, Braun, V, Antoniadis, G, Görich, J, et al. fMRI for preoperative neurosurgical mapping of motor cortex and language in a clinical setting. J Comput Assist Tomogr (2000) 24:927–34. doi: 10.1097/00004728-200011000-00020

77. Herbet, G, Moritz-Gasser, S, and Duffau, H. Direct evidence for the contributive role of the right inferior fronto-occipital fasciculus in non-verbal semantic cognition. Brain Struct Funct (2017) 222:1597–610. doi: 10.1007/s00429-016-1294-x

78. Yordanova, YN, Cochereau, J, Duffau, H, and Herbet, G. Combining resting state functional MRI with intraoperative cortical stimulation to map the mentalizing network. Neuroimage (2019) 186:628–36. doi: 10.1016/j.neuroimage.2018.11.046

79. Rolland, A, Herbet, G, and Duffau, H. Awake surgery for gliomas within the right inferior parietal lobule: New insights into the functional connectivity gained from stimulation mapping and surgical implications. World Neurosurg (2018) 112:e393–406. doi: 10.1016/j.wneu.2018.01.053

80. Corrivetti, F, de Schotten, MT, Poisson, I, Froelich, S, Descoteaux, M, Rheault, F, et al. Dissociating motor–speech from lexico-semantic systems in the left frontal lobe: insight from a series of 17 awake intraoperative mappings in glioma patients. Brain Struct Funct (2019) 224:1151–65. doi: 10.1007/s00429-019-01827-7

81. Dragoy, O, Zyryanov, A, Bronov, O, Gordeyeva, E, Gronskaya, N, Kryuchkova, O, et al. Functional linguistic specificity of the left frontal aslant tract for spontaneous speech fluency: Evidence from intraoperative language mapping. Brain Lang (2020) 208:104836. doi: 10.1016/j.bandl.2020.104836

82. Herbet, G, Moritz-Gasser, S, and Duffau, H. Electrical stimulation of the dorsolateral prefrontal cortex impairs semantic cognition. Neurology (2018) 90:e1077–84. doi: 10.1212/WNL.0000000000005174

83. De Witte, E, Satoer, D, Robert, E, Colle, H, Verheyen, S, Visch-Brink, E, et al. The Dutch linguistic intraoperative protocol: A valid linguistic approach to awake brain surgery. Brain Lang (2015) 140:35–48. doi: 10.1016/j.bandl.2014.10.011

84. Lubrano, V, Roux, FE, and Démonet, JF. Writing-specific sites in frontal areas: A cortical stimulation study. J Neurosurg (2004) 101:787–98. doi: 10.3171/jns.2004.101.5.0787

85. Saito, T, Muragaki, Y, Tamura, M, Maruyama, T, Nitta, M, Tsuzuki, S, et al. Awake craniotomy with transcortical motor evoked potential monitoring for resection of gliomas in the precentral gyrus: Utility for predicting motor function. J Neurosurg (2020) 132:987–97. doi: 10.3171/2018.11.JNS182609

86. Suarez-Meade, P, Marenco-Hillembrand, L, Prevatt, C, Murguia-Fuentes, R, Mohamed, A, Alsaeed, T, et al. Awake vs. asleep motor mapping for glioma resection: a systematic review and meta-analysis. Acta Neurochir (Wien) (2020) 162:1709–20. doi: 10.1007/s00701-020-04357-y

87. Rossi, M, Fornia, L, Puglisi, G, Leonetti, A, Zuccon, G, Fava, E, et al. Assessment of the praxis circuit in glioma surgery to reduce the incidence of postoperative and long-term apraxia: A new intraoperative test. J Neurosurg (2019) 130:17–27. doi: 10.3171/2017.7.JNS17357

88. Rossi, M, Puglisi, G, Nibali, MC, Viganò, L, Sciortino, T, Gay, L, et al. Asleep or awake motor mapping for resection of perirolandic glioma in the nondominant hemisphere? development and validation of a multimodal score to tailor the surgical strategy. J Neurosurg (2022) 136:16–29. doi: 10.3171/2020.11.JNS202715

89. Raade, AS, Gonzalez Rothi, LJ, and Heilman, KM. The relationship between buccofacial and limb apraxia. Brain Cognit (1991) 16:130–46. doi: 10.1016/0278-2626(91)90002-P

90. Morrison, MA, Tam, F, Garavaglia, MM, Golestanirad, L, Hare, GMT, Cusimano, MD, et al. A novel tablet computer platform for advanced language mapping during awake craniotomy procedures. J Neurosurg (2016) 124:938–44. doi: 10.3171/2015.4.JNS15312

91. Chan-Seng, E, Moritz-Gasser, S, and Duffau, H. Awake mapping for low-grade gliomas involving the left sagittal stratum: anatomofunctional and surgical considerations. J Neurosurg (2014) 120:1069–77. doi: 10.3171/2014.1.JNS132015

92. Wager, M, Du Boisgueheneuc, F, Pluchon, C, Bouyer, C, Stal, V, Bataille, B, et al. Intraoperative monitoring of an aspect of executive functions: Administration of the stroop test in 9 adult patients during awake surgery for resection of frontal glioma. Neurosurgery (2013) 72:169–81. doi: 10.1227/NEU.0b013e31827bf1d6

93. Baron-Cohen, S, Wheelwright, S, Hill, J, Raste, Y, and Plumb, I. The “Reading the mind in the eyes” test revised version: A study with normal adults, and adults with asperger syndrome or high-functioning autism. J Child Psychol Psychiatry Allied Discip (2001) 42:241–51. doi: 10.1017/S0021963001006643

94. Nakajima, R, Kinoshita, M, Okita, H, Liu, Z, and Nakada, M. Preserving right pre-motor and posterior prefrontal cortices contribute to maintaining overall basic emotion. Front Hum Neurosci (2021) 15:612890. doi: 10.3389/fnhum.2021.612890

95. Godefroy, O, Azouvi, P, Robert, P, Roussel, M, LeGall, D, and Meulemans, T. Dysexecutive syndrome: Diagnostic criteria and validation study. Ann Neurol (2010) 68:855–64. doi: 10.1002/ana.22117

96. Santini, B, Talacchi, A, Casagrande, F, Casartelli, M, Savazzi, S, Procaccio, F, et al. Eligibility criteria and psychological profiles in patient candidates for awake craniotomy. J Neurosurg Anesthesiol (2012) 24:209–16. doi: 10.1097/ANA.0b013e3182464aec

97. Strunk, KK, and Lane, FC. The beck depression inventory, second edition (BDI-II). Meas Eval Couns Dev (2017), 50(1-2: 50th Anniversary):3–17. doi: 10.1177/0748175616664010

98. Ferreira, R, and Murray, J. Spielberger’s state-trait anxiety inventory: Measuring anxiety with and without an audience during performance on a stabilometer. Percept Mot Skills (1983) 57:15–8. doi: 10.2466/pms.1983.57.1.15

99. Zigmond, AS, and Snaith, RP. The hospital anxiety and depression scale. Acta Psychiatr Scand (1983) 67:361–70. doi: 10.1111/j.1600-0447.1983.tb09716.x

100. Brown, T, Shah, AH, Bregy, A, Shah, NH, Thambuswamy, M, Barbarite, E, et al. Awake craniotomy for brain tumor resection. J Neurosurg Anesthesiol (2013) 25:240–7. doi: 10.1097/ANA.0b013e318290c230

101. Folstein, MF, Folstein, SE, and McHugh, PR. “Mini-mental state”. J Psychiatr Res (1975) 12:189–98. doi: 10.1016/0022-3956(75)90026-6

102. Alimohamadi, M, Sanjari, R, Mortazavi, A, Shirani, M, Moradi Tabriz, H, Hadizadeh Kharazi, H, et al. Predictive value of diffusion-weighted MRI for tumor consistency and resection rate of nonfunctional pituitary macroadenomas. Acta Neurochir (Wien) (2014) 156:2245–52. doi: 10.1007/s00701-014-2259-6

103. Collée, E, Satoer, D, Wegener Sleeswijk, B, Klimek, M, Smits, M, Van Veelen, M-L, et al. Language improvement after awake craniotomy in a 12-year-old child: illustrative case. J Neurosurg Case Lessons (2022) 3:5–9. doi: 10.3171/case2293

104. Zhang, JJY, Lee, KS, Voisin, MR, Hervey-Jumper, SL, Berger, MS, and Zadeh, G. Awake craniotomy for resection of supratentorial glioblastoma: A systematic review and meta-analysis. Neuro-Oncology Adv (2020) 2:1–12. doi: 10.1093/noajnl/vdaa111



Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Fiore, Abete-Fornara, Forgione, Tariciotti, Pluderi, Borsa, Bana, Cogiamanian, Vergari, Conte, Caroli, Locatelli and Bertani. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-12-951246-g005.jpg
Preserve
Em—

A

Patient Quality of Life

Patient Needs

Patient Background

Work Abilities

Family Assessment

Tailor

Functional Boundaries

Language Domains
Sensori-Motor

Praxia

_ Executive Functions

Visuospatial Pathway

Emotions

Superior Cognitive Functions

Assess

Awake Surgery

Psychological @

 Inability to Cooperate
+ Psychiatric Diseases
 Level of Motivation

+ Anxiety

Neuropsychological @

« Severe Aphasia

+ Poor global cognitive
status

« Neglect and Attention
disorders

Candidate

Neurological @ Anesthesinlogic@ Others@

+ KPS <70 « ASA 3 or superior - Age?
* MRC Muscle « BMI 35 or superior
Strength <2 « Severe COPD
« LOVETT <3 * Severe
* Uncontrolled Cardiomyopathies
epilepsy + Gastroesophageal
Reflux






OEBPS/Images/fonc-12-951246-g003.jpg
Number of Papers

Number of Papers

Language e B
0 0
1 1
&
0 .
2
£
£
2
s s
o L o
o0 2000 200 2020 om0 7000 200 200
Year Year
‘Vistiospatial Pativany Executive Functions.
10 4 | '
)
H
. g
B
2
. 5
H
2
[
- o T T T T T
Year Year
Emotion
&
X
2
H
H

Wi





OEBPS/Images/fonc-12-951246-g002.jpg
Number of Papers

25

20

15

10

1990

2000

2010

Year

2020

Easia
Africa
Europe
North America
Oceania
M south America






OEBPS/Images/fonc.2022.951246_cover.jpg
, frontiers ‘ Frontiers in Oncology

Indication and eligibility of
glioma patients for awake
surgery: A scoping review by a
multidisciplinary perspective





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Indication and eligibility of glioma patients for awake surgery: A scoping review by a multidisciplinary perspective

      

        		

          Background

        



        		

          Objective

        



        		

          Materials and methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1. Introduction

        



        		

          2. Materials and methods

        

          		

            2.1 Search strategy

          



          		

            2.2 Study selection

          



          		

            2.3 Statistical analysis

          



        



        



        		

          3. Results

        

          		

            3.1 Study selection

          



          		

            3.2 Indication to AS: Tested functions

          



          		

            3.3 Eligibility criteria for AS: Exclusion criteria

          

            		

              3.3.1 Psychological exclusion criteria

            



            		

              3.3.2 Neuropsychological exclusion criteria

            



            		

              3.3.3 Neurological/neurosurgical exclusion criteria

            



            		

              3.3.4 Anesthesiologic exclusion criteria

            



            		

              3.3.5 Other parameters

            



          



          



        



        



        		

          4. Discussion

        

          		

            4.1 Indication to AS: Tested functions

          

            		

              4.1.1 Testing of language

            



            		

              4.1.2 Testing of sensorimotor functions

            



            		

              4.1.3 Testing of visuospatial pathway

            



            		

              4.1.4 Testing of executive functions and emotions

            



            		

              4.1.5 Indication to AS – Final commentary

            



          



          



          		

            4.2 Eligibility criteria for AS – Exclusion criteria

          

            		

              4.2.1 Psychological exclusion criteria

            



            		

              4.2.2 Neuropsychological exclusion criteria

            



            		

              4.2.3 Neurological/neurosurgical exclusion criteria

            



            		

              4.2.5 Other exclusion criteria

            



            		

              4.2.6 Exclusion criteria – Final commentary

            



          



          



        



        



        		

          5. Limits

        



        		

          6. Conclusions

        



        		

          Data availability statement

        



        		

          Authors contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Lobe (Regions)
Frontal Lobe

Rolandic and Peri-Rolandic Area
Anterior Cingulate Cortices
Right IFG and dIPFC

Left IFG

Left Inferior and Middle Frontal Gyri

pre-SMA

dorsolateral prefrontal cortices (dIPFC) and Left IFG

Parietal Lobe

Left SMG and AG

Inferior Parietal Lobule

Temporal Lobe

Left Superior and Middle (Posterior) Temporal Gyri

Inferior Parietal Lobule

Insula

Left Insula

Occipital Lobe

Function

Praxis

Inhibition

Theory of Mind

Language

Readin;
Writing

Non-Verbal Semantic Association

Speech Initiation and Verbal Fluency

Verbal Semantic Association

Language

Readin;

Visuospatial Pathway

Visuospatial Pathway

Language

Visuospatial Pathway

AG, angular gyrus; dIPEC, dorsolateral prefrontal cortex; IFG, inferior frontal gyrus; SMG, supramarginal gyrus.

Test

Hand and Tongue Fine Movement tasks

Stroop Test

RME test

Spontaneous Speech
Counting
Picture Naming test

Verb Generation test

Reading task
‘Writing task

PPTT

Spontaneous Speech

Picture Naming test

DO 80

Lexical-Semantic Processing test

Spontaneous Speech
Picture Naming test

Verb Generation test

Reading task

Line Bisection task

Spontaneous Speech
Picture Naming test
Verb Generation test

Line Bisection task

Spontaneous Speech
Picture Naming test

Verb Generation test

Line Bisection task





OEBPS/Images/fonc-12-951246-g001.jpg
Records identified through
database searching
(n=1.156)

Additional records identified
through other sources (references)
(n=26)

l l

Records after duplicates removed

(n=911)
v Records excluded (other
pathologies, other
Reco(:ii ;C;:;"Ed » languages than English,
- review articles)
(n=493)
L2
Full text Full-text assessed articles Full-text articles excluded,
Assessment (n=418) > with reasons (no
indication nor eligibility
criteria declared)
(n=373)
v
Studies included in qualitative
synthesis
(n=189)

- 45 studies stated
eligibility criteria

- 178 studies stated the
tested function






OEBPS/Images/fonc-12-951246-g004.jpg
B Language | Other Cognitive Functions Sensory-Motor

Viusospatial Pathway






OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/table1.jpg
Authors and
year

Norrelgen F, et al,,
2020 (24)

Li, T., et al, 2015
(25)

Alimohamadi M.,
et al, 2016 (26)

Saito T., et al,, 2016
(27)

Krieg SM,, et al,,
2013 (28)

Kuribara T., et al.,

2020 (29)
Benyaich Z., et al.,
2020 (30)

Nossek E., et al.,
2013 (31)

Bertani G., et al.,
2009 (6)
Huguet L, et al,,
2020 (32)

Manchella S., et al.,
2011 (33)

Nabavi A., et al,,
2008 (34)

Zigiotto L., et al.,
2020 (35)

Balogun JA., et al.,
2019 (36)

Pichierri A., et al.,,
2019 (37)

Hulou MM, et al.,
2015 (38)

Giussani C,, et al.,
2011 (39)

Bello L., et al., 2007
(13)

Groshev A, et al.,
2017 (40)

Maldaun MV.,
et al, 2014 (41)

LuJ, etal, 2013
(42)

Chacko AG,, et al.,
2013 (43)

Klijn E, et al,, 2013
(44)

Leuthardt EC,,
et al, 2011 (45)

Sarubbo S., et al.,
2011 (46)

Goebel S, et al,,
2010 (47)

Sanai N, et al.,
2008 (48)

Picht T., et al,, 2006
(49)

Klimek M., et al.,
2004 (50)

Kwinta, B.M,, et al,
2021 (51)

Coskun, E., 2020
(52)

Hejrati, N., et al,,
2019 (53)

Wang, Y.-C,, et al,
2019 (54)

Sollmann, N, et al.,
2018 (55)

Leal, RT.M, et al,
2018 (56)

Sitnikov, A.R,,
etal, 2018 (57)

Leal, RT.M,, et al,,
2017 (58)

Bunyaratavej, K.,
etal, 2016 (59)

Krieg, S.M.,, et al.,
2014 (60)

Garavaglia, M.M.,
etal, 2014 (61)

Deras, P, et al,,
2012 (62)

Santini, B, et al.,
2012 (63)

Rughani, AL, etal,
2011 (64)

Pereira, L.C.M.,
etal,, 2009 (65)

Gupta, D.K,, et al,,
2007 (66)

Number LGG  Kindof

of vs  Anesthesia
patients HGG
27 17vs  AAA
10
91 66vs  AAA
25
10 7vs3 FA
82 46vs FA
36
8 4vsd  AAA
136 54vs  AAA
82
20 18vs2 AAA
424 80vs FA
283
275 275 AAA
LGG
17 17vs0 AAA
16 5vs1l AAA
34 NA FA
16 NA  AAA
1 16 AAA
HGG
20 11vs9 ACe AAA
25 9vs16 FA
35 10 vs
25
88 44vs  AAA
44
44 4vs40 FA
12 14vs  AAA
28
30 19vs FA
11
67 36vs  AAA
31
8 8vs0 AAA
12 4vs8 FA
12 12 AAA
LGG
25 13vs FA
12
250 124vs FA
126
20 20 FA
LGG
1 1 FA
HGG
25 17vs 8 AAA
109 17vs FA
92
14 5vs9 FA
41 19vs  AAA
22
60 14vs  AAA
16
13 5vs8 FA
54 35vs  AAA
19
11 4vs7 FA
27 16vs FA
11
30 8vs22 FA
10 NA FA
140 NA  AAA
21 8vs13 FA
18 6vs 12 AAA
79 41vs FA
38
24 16vs8 FA

Psychological Neuropsychological

Disorientation

Psychopatology

Inability to
cooperate
Inability to
cooperate,
anxiety
Inability to
cooperate

Inability to
cooperate, lack of
motivation,
alexithymia,
recurrent
depression, OCD

Inability to
cooperate

Inability to
cooperate,
anxiety,
confusion

Inability to
cooperate,
anxiety, phobias,
altered mental
status

Inability to
cooperate,
emotional
instability,
developmental
delay

Anxiety

Inability to
cooperate

Inability to
cooperate,
psychiatric
disorders
Anxiety,
depression, severe
psychological
distress

Emotional
instability,
confusion,
decreased level of
consciousness
Inability to
cooperate
Inability to
cooperate,
agitation,
restlessness
Inability to
cooperate

Depression,
psychotic
disorders,
claustrophobia
Inability to
cooperate

Inability to
cooperate

Untreated
psychiatric
condition,
claustrophobia

Psychoemotional
lability

Untreated
psychiatric
condition,
claustrophobia
Inability to
cooperate

Inability to
cooperate, panic
attacks

Psychiatric
disorders

Inability to
cooperate
Inability to
cooperate,
psychologically
instability

Inability to
cooperate,
developmental
delay

Severe Aphasia,

Cognitive deficit

Severe Aphasia, Cognitive
deficits

Severe Aphasia, Cognitive
deficits

Severe Aphasia

Severe dysphasia

Severe dysphasia

Severe Aphasia (< 50%
language tests), score
MMSE < 23

Severe Aphasia

Severe dysphasia

Severe Aphasia

Severe Aphasia

Severe Aphasia

Severe Aphasia, score
MMSE < 23

Severe Aphasia (error
rate higher than 25% at
naming tests)

Severe Aphasia, score
MMSE < 23, neglect,
impairments in
concentration, sustained
attention, severely
disinhibited, apathic, or
disorganized behavior.

Severe Aphasia, Severe
dysphasia

Severe Aphasia

Severe Aphasia, Cognitive
deficits

Severe Aphasia

Severe dysphasia

Severe Aphasia

Cognitive deficits

Severe Aphasia

> 20 % of errors at
preoperative object
naming test

> 20 % of errors at
preoperative object
naming test

Severe Aphasia

> 30% of errors at
naming tests and on FAB

Cognitive deficits

Severe Aphasia

Severe Aphasia

Neurological
and
neurosurgical

Previous Surgery

Neurological
deficits

Previous Surgery
Previous Surgery

AS only for
lesions infiltrating
left pre or post-
central gyrus.

KPS of < 70

Outside eloquent
areas

Outside eloquent
areas

Neurological
deficits, Outside
eloquent areas

Neurological
deficits

KPS of < 70

Outside eloquent
areas

Severe
intracranial
hypertension

Outside eloquent
areas

Outside eloquent
areas, severe
intracranial
hypertension

Outside eloquent
areas

Outside eloquent
areas, suspected
LGG

Outside eloquent
areas

Outside eloquent
areas

Lovett Scale < 3,
Outside eloquent
areas

Outside eloquent
areas

Hemiplegia,
Outside eloquent
areas

MRCMS < 2,
Outside eloquent
areas

Lovett Scale < 3

Neurological
deficits, large
sizes with midline
shift

KPS of < 70,
multifocal lesions

Outside eloquent
areas

KPS of < 70,
lesions extending
to the thalamus,
hypothalamus or
brainstem,
diameter of
lesions larger
than 10 cm

Hemiplegia

Aenesthesiological ~ Other

Obesity, Cardiovascular
disease, difficult airways

ASA =3

Obesity, Cardiovascular
disease, difficult airways

Obesity, Cardiovascular
disease, difficult
airways, respiratory
diseases

Obesity (BMI > 35),
Cardiovascular disease,
obstructive sleep apnea,
difficult intubation,
active acute or chronic
cough, uncontrolled
seizures

Obstructive sleep apnea,

history of
postanaesthesia nausea
and vomiting, bleeding
diasthesis, seizures

Pacemaker, obstructive
sleep apnea

Obesity, difficult
airways, severe diabetes
mellitus

Obstructive sleep apnea,
uncontrolled seizures

Obesity, severe
gastroesophageal reflux

Pacemaker

Obesity, obstructive
sleep apnea, difficult
airways, severe chronic
obstructive pulmonary
disease/asthma, severe
gastroesophageal reflux

Severe asthma, severe
reduction of mouth
opening, partial airway
obstruction, severe
gastroesophageal reflux

Uncontrolled seizures

Systemic diseases, ASA
23

conditions

Age: not
under 16
years old; not
over 60 years
old.

Age: over 75
years old

Age: over 10
years old

Age: over 65
years old

Not pediatric
population

Age: not
under 13
years old

Age: not
under 18
years old
Patient
refusal

Age: not
under 18
years old

Age: not
under 18
years old

Age: not
under 12
years old

AAA, asleep-awake-asleep; AC, awake craniotomy; ASA, American Society of Anesthesiologists; BMI body mass index; FAB, frontal assessment battery; HGG, high grade glioma; LGG, low
grade glioma; MMSE, Mini Mental State Examination; MRCMS, Medical Research Council Muscle Strength scale; NA, not available; OCD, Obsessive-compulsive disorder.





