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Abstract

Question Should patients with imaging suggestive of low

grade glioma (LGG) undergo observation versus treatment

involving a surgical procedure?

Target population These recommendations apply to

adults with imaging suggestive of a WHO grade 2 glioma

(oligodendroglioma, astrocytoma, or oligo-astrocytoma).

Recommendations Surgical resection is recommended

over observation to improve overall survival for patients

with diffuse low-grade glioma (Level III) although obser-

vation has no negative impact on cognitive performance

and quality of life (Level II).

Question What is the impact of extent of resection on

progression free survival (PFS) or overall survival (OS) in

LGG patients?

Target population These recommendations apply to

adults with imaging suggestive of a WHO grade 2 glioma

(oligodendroglioma, astrocytoma, or oligo-astrocytoma).

Recommendations Impact of extent of resection on

PFS Level II It is recommended that GTR or STR be

accomplished instead of biopsy alone when safe and fea-

sible so as to decrease the frequency of tumor progression

recognizing that the rate of progression after GTR is fairly

high.

Impact of extent of resection on OS Level III Greater

extent of resection can improve OS in LGG patients.

Question What tools are available to increase extent of

resection in LGG patients?

Target population These recommendations apply to

adults with imaging suggestive of a WHO grade 2 glioma

(oligodendroglioma, astrocytoma, or oligo-astrocytoma).

Recommendations Intraoperative MRI during surgery

Level III The use of intraoperative MRI should be consid-

ered as a method of increasing the extent of resection of LGGs.

Question What is the impact of surgical resection on

seizure control and accuracy of pathology in low grade

glioma patients?

Target population These recommendations apply to

adults with imaging suggestive of a WHO grade 2 glioma

(oligodendroglioma, astrocytoma, or oligo-astrocytoma).

Recommendations Surgical resection and seizure con-

trol Level III After taking into account the patient’s

clinical status and tumor location, gross total resection is

recommended for patients with diffuse LGG as a way to

achieve more favorable seizure control.

Accuracy of diagnosis Level III Taking into account the

patient’s clinical status and tumor location, surgical

resection should be carried out to maximize the chance of

accurate diagnosis.

Question What tools can improve the safety of surgery

for LGGs in eloquent locations?
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Target population These recommendations apply to

adults with imaging suggestive of a WHO grade 2 glioma

(oligodendroglioma, astrocytoma, or oligo-astrocytoma).

Recommendations Preoperative imaging Level III It

is recommended that preoperative functional MRI and

diffusion tensor imaging be utilized in the appropriate

clinical setting to improve functional outcome after surgery

for LGG.

Intraoperative Mapping of Tumors in Eloquent Areas

Level III Intraoperative mapping is recommended for

patients with diffuse LGGs in eloquent locations compared

to patients with non-eloquently located diffuse LGGs as a

way of preserving function.

Keywords Low grade glioma � Astrocytoma �
Oligodendroglioma � Surgery � Observation �
Systematic review � Practice guideline

Surgery rationale

The management of suspected diffuse intracranial low-

grade glioma (WHO grade II astrocytoma, oligo-astrocy-

toma, or oligodendroglioma) includes observation through

serial imaging, biopsy, or surgical resection. The role for

surgical resection remains undefined. Overall survival (OS)

is relatively long for this patient population, making its

accurate determination difficult without a properly pow-

ered trial with significant long-term data collection [1].

This challenge is compounded by the multiple endpoints

which must be assessed such as the role for surgical

resection, progression free survival (PFS), seizure control

in patients presenting with seizures, and functional

preservation in patients with tumors in eloquent locations.

This guideline systematically reviews the evidence avail-

able for surgical resection in the management of newly

diagnosed low grade glioma, with an emphasis on these

endpoints.

Surgery methodology

Search strategy

The following electronic databases were searched

from 1990 to December 2012: PubMed, Embase�,

Cochrane database of systematic reviews, and abstracts

from the annual meetings of the Society for Neuro-

Oncology (SNO), American Association of Neurologic

Surgeons (AANS), and Congress of Neurologic Sur-

geons (CNS).

Eligibility criteria

In order to be included, studies needed to be:

1. Published in English.

2. Involve patients with newly diagnosed WHO grade 2

oligodendroglioma, astrocytoma, or oligo-astroctyoma

or imaging suggestive of those diagnoses. In publica-

tions with mixed populations, the results of those with

newly diagnosed WHO grade 2 tumor must be

separable from others.

3. Fully-published peer-reviewed studies or meeting

abstracts from national neurosurgical meetings (AANS

or CNS) or the SNO annual meeting.

4. Number of study participants with newly diagnosed

WHO grade 2 tumor, or imaging suggestive of such a

lesion, being five or higher.

5. Enrolled adult patients (18 years of age and older) or

provide isolated results for adult patients in a mixed

cohort that can be assessed separately.

Study selection and quality assessment

Two independent reviewers evaluated citations using a

priori criteria for relevance and documented decisions in

standardized forms. Cases of disagreement were resolved

by a third reviewer. The same methodology was used for

full-text screening of potentially relevant papers. Studies

which met the eligibility criteria were data extracted by one

reviewer and the extracted information was then checked

by a second reviewer.

Evidence classification and recommendation levels

Both the quality of the evidence and the strength of the

recommendations were graded according to the American

Association of Neurological Surgeons (AANS)/Congress

of Neurological Surgeons (CNS) criteria as noted in the

Introduction section of these guidelines (reference to intro/

methods chapter needs to be added before publication).

These criteria have been reported in methodology papers

from previous guideline series [2].
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Surgery scientific foundation

Overall, 67 primary studies met the eligibility criteria for

this systematic review, including 64 studies that produced

class III data and 3 studies producing class II data related to

surgery for LGGs. Figure 1 outlines the flow of studies

through the review process.

Observation versus intervention

Four retrospective cohort studies [3–6] met the eligibility

criteria for comparing a strategy of observation with or

without preceding biopsy versus resection. One of these

studies provided class II data that non-operated patients

with suspected LGG scored better on quality of life tests

than patients who underwent surgery for LGG, supporting

a wait-and-see policy [5]. Another class III study specifi-

cally compared patients with epilepsy and LGG who

underwent immediate surgery and adjuvant treatment ver-

sus those followed by serial imaging and only treated upon

radiographic progression, and reported identical OS in both

groups [6]. In contrast to these studies, a pair of studies

provided class III data favoring up front surgery and

treatment over a wait-and-see approach. The first such

study showed that duration of seizure history before sur-

gery adversely impacts OS in LGG patients, making an

argument for up-front surgery in patients with seizures and

imaging suggestive of LGG [3]. A second more recent

study compared outcomes from two Norwegian centers,

one of which practices biopsies of LGGs followed by a

wait and scan approach, while the other favors early

resection of LGGs [4]. The study reported improved OS

from patients at the center with early surgical resection [4].

Incidentally found LGGs

While no studies have compared outcomes when observing

versus resecting incidentally found LGGs, two retrospec-

tive cohort studies reviewed outcomes when operating on

incidentally found LGGs and produced class III data [7, 8].

Both studies reported resection of incidentally found LGGs

to be safer and associated with better OS than resection of

symptomatic LGGs [7, 8].

Correlating extent of resection (EOR)

with progression free survival (PFS)

Nineteen studies attempted to correlate EOR with PFS in

LGGs undergoing surgery (Table 1), with two of these

studies producing class II data and the other 17 studies

producing class III data. A 2002 study producing class II

data involved 28 patients prospectively enrolled to corre-

late EOR with PFS. Resection was stratified into total,

subtotal (incomplete when total was the goal), partial

(cytoreductive being the goal), and biopsy, and the authors

found recurrences to be more common during a 9 year

follow-up in patients with reduced EOR [9]. A 2008 study

producing class II data prospectively evaluated outcomes

of 111 patients after GTR of LGG and found a 52 % risk of

tumor progression within 5 years of surgery [10].The lack

of comparison to subtotally resected tumors observed

during the same interval makes it difficult for a recom-

mendation to emerge, but the higher than expected rate of

progression after GTR was a cause for concern. Of the 17

studies producing class III data investigating the correla-

tion between EOR with PFS for LGG, two studies argued a

lack of relationship [11, 12], six studies argued that GTR

Fig. 1 Flow of studies to final number of eligible studies. Shown here

is the process by which 2429 articles identified from title and abstract

screening were narrowed to the 67 included articles. Note that when

categorizing the number of included articles covering each aspect of

surgery the total number of articles in the categories exceeds 67

because some articles produced data covering more than one aspect of

surgery
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specifically increased PFS [13–18], and nine studies argued

that EOR increased PFS [19–27], with most using multi-

variate analysis to address the influence of confounding

variables.

Correlating extent of resection with overall survival

(OS)

Thirty-five retrospective studies attempted to correlate

EOR with OS in LGGs undergoing surgery, all producing

class III data (Table 1). Six of these studies showed no

correlation between EOR and OS [12, 28–32]. Three

studies showed a correlation between EOR and OS in

univariate analyses, but the correlation was not significant

in associated multivariate analyses [16, 33, 34]. Of the

remaining 26 studies, six showed that achieving radio-

graphic GTR of an LGG increases OS [15, 17, 18, 23, 35,

36], 17 showed that increasing EOR leads to increased OS

[6, 11, 20–22, 24–26, 37–45], and three showed that sur-

gical resection prolonged OS relative to biopsy [46–48].

Ability of intraoperative imaging to improve extent

of resection

Four retrospective studies [15, 55–57] have investigated

intraoperative MRI and one investigated intraoperative CT

[58] as tools to maximize extent of resection. All five

studies produced class III data suggesting that intraopera-

tive imaging improved extent of resection. A 2001 study

showed OS to correlate with EOR, with 8 of 12 patients

undergoing resection of additional tissue noted on iMRI,

leading to 6 more GTRs [57]. A 2004 study showed that 7

of 9 patients underwent additional resection of tumor noted

on iMRI, with the other 2 having residual tumor in elo-

quent areas that could not be resected [55]. A 2005 study

reported improved OS in patients whose LGGs were

resected with iMRI compared to rates reported in national

databases [15]. And a 2006 study reported an increase in

GTR rate from 53 to 58 % after resection of residual tumor

seen on iMRI [56].

Correlating resection with seizure control

Four retrospective cohort studies [49–52] met the eligibil-

ity criteria for attempting to determine if surgical resection

of a LGG in a patient with a seizure history improves

seizure control. Three studies presented class III data

arguing that gross total resection of a LGG improves sei-

zure control [49–51]. The fourth study was a smaller 5

patient study involving patients with medically refractory

epilepsy with LGG resection leading to 3 patients becom-

ing seizure free [52].

Accuracy of pathology from resection versus biopsy

and impact on treatment

One retrospective study investigated how frequently

pathology results differ between biopsy and subsequent

resection of the same tumor and produced class III data

supporting the hypothesis that the pathologic diagnosis

obtained through a surgical resection can differ from that of

a biopsy of the same tumor. The surgical resection typi-

cally yields more aggressive histologic grade than the

biopsy [69], presumably due to spatial heterogeneity,

which is an added benefit to resection.

Role of advanced preoperative imaging modalities

in safe maximal surgical resection

Two retrospective cohort studies have investigated the role

of advanced preoperative imaging modalities in safe

maximal surgical resection. One study presented class III

data suggesting that preoperative DTI tractography corre-

lated with extent of surgical resection [53]. Another non-

controlled study presented class III data in which func-

tional MRI (fMRI) could be used to localize eloquent areas

before surgery [54].

Ability of intraoperative neuromonitoring

to improve neurologic outcomes after surgical

resection

Seven retrospective studies with class III data investigated

the impact of intraoperative neurophysiological monitoring

of language [59–62], motor function [63], or both [64, 65]

on neurologic outcomes after surgical resection of LGGs in

eloquent locations. Sarubbo et al. reported no permanent

deficits with 78 % volumetric resection achieved and KPS

improved in 8 of 12 patients [60]. Chang et al. reported

patients with tumor in locations proven to be eloquent by

mapping exhibited a worse OS in comparison to those with

tumors in non-eloquent locations by mapping [59]. Yor-

danova et al. reported a technique in which resection pro-

ceeded until mapping indicated a need to stop, even if that

meant resecting beyond the MRI boundary of tumor. This

lead to supra-total resections in 15 of 17 cases, with

improved PFS compared to a control group of patients

undergoing total resections of LGGs [61]. De Benedictis

et al. reported 9 cases in which patients underwent repeat

awake craniotomies, after asleep surgery, with EOR

improved in all 9 cases at the time of the second surgery

[62]. A study of motor mapping used both cortical and

subcortical mapping and identified subcortical tracts in

89 % of 26 LGGs, with the GTR rate improving from 44 to

67 % when tracts were not identified by subcortical map-

ping [63]. While finding these tracts subcortically was
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associated with higher immediate postoperative deficits,

these deficits usually resolved within 1 month [63]. In

2003, Duffau et al. investigated cortical and subcortical

language and motor mapping during 103 resections of

LGGs, with 94 % of cases leading to favorable functional

results [64]. A follow up study by the same group 3 years

later reported results with motor and/or language mapping

during resection of insular LGGs with no permanent defi-

cits, but EOR an OS were not commented on [65].

Ability of postoperative plasticity to improve

neurologic outcomes after surgical resection

Three retrospective studies produced class III data inves-

tigating postoperative plasticity, the ability of other brain

locations to compensate for resected areas, after resection

of LGGs in eloquent locations. Ius et al. retrospectively

analyzed 58 postoperative MRIs and reported areas that

could not safely tolerate resection, which included left

primary motor and somatosensory cortices for upper and

lower limbs, left ventral premotor cortex, left posterior

superior temporal gyrus (Wernicke’s area), left supra-

marginal gyrus, left angular gyrus, right primary motor and

somatosensory areas for superior and inferior limbs, and

right angular gyrus [66]. In one study, awake intraoperative

mapping of 7 patients with LGGs in Broca’s area and intact

preoperative language revealed a shift in language towards

other locations, with recruitment of the ventral and dorsal

premotor cortices, orbitofrontal cortex, and insula, whereas

no or few language sites were detected within Broca’s area.

The retrospective nature of this study made it difficult to

determine if this represented plasticity stimulated by the

LGG or if these patients had variable localization of lan-

guage prior to developing LGG [67]. In 2003, Duffau et al.

reported 77 patients with LLGs undergoing surgical

resection with intraoperative speech and/or motor mapping.

While all patients experienced postoperative neurologic

deficits, all but 4 cases improved at 3 months, which the

authors argue reflects plasticity. [68]. It should be noted

that they did not identify the locations to where function

had been transferred.

Surgery conclusion

While the lack of class I evidence and limited examples of

class II evidence restricts our ability to definitively rec-

ommend surgery for LGGs, the literature is supportive of

several potential benefits of surgery for patients with dif-

fuse LGGs. The three examples of class II evidence support

the lack of a negative impact from a wait and see approach

on cognitive performance and quality of life, less frequent

tumor progression with GTR or STR compared to biopsy

alone, and a surprisingly high rate of progression even after

GTR. Most of the class III evidence supports a benefit of

surgery on survival, with the impact of surgery being

greater on PFS [with 17 of 19 (89 %) studies supporting

some benefit of surgery on PFS] than on OS [for with 26 of

34 (76 %) studies supporting a benefit of surgery]. Class III

studies also promote benefits of surgery on seizure control

and accuracy of pathology, and suggest that plasticity and

neuro-monitoring can improve functional outcomes after

surgery for LGGs in eloquent locations.

Key issues for future investigation

While difficulty creating prospective randomized trials

comparing surgery versus no surgery for LGGs will likely

limit the availability of class I evidence, future investiga-

tion should include class II studies prospectively correlat-

ing volumetric extent of resection with PFS and OS in large

cohorts of patients. Such studies should be conducted with

more uniform measurement of EOR than the variable cri-

teria currently used, and should also incorporate the sur-

gical adjuncts for which class III evidence exists, including

preoperative functional MRI along with intraoperative

MRI and brain mapping (Table 1).
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