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Object. Low-grade gliomas (LGGs) frequently infiltrate highly functional or “eloquent” brain areas. Given the
lack of long-term survival data, the prognostic significance of eloquent brain tumor location and the role of functional
mapping during resective surgery in presumed eloquent brain regions are unknown.

Methods. We performed a retrospective analysis of 281 cases involving aduits who underwent resection of a

supratentorial LGG at a brain tumor referral center. Preoperative MR images were evaluvated blindly for involvement
of eloquent brain areas, inciuding the sensorimotor and language cortices, and specific subcortical structures. For
high-risk tumors located in presumed eloquent brain areas, long-term survival estimates were evaluated for patients
who underwent intraoperative functional mapping with electrocortical stimulation and for those who did not.
Results. One hundred and seventy-four patients (62%) had high-risk LGGs that were located in presumed elo-
quent areas. Adjusting for other known prognostic factors, patients with tumors in areas presumed to be eloquent
had worse overall and progression-free survival (OS, hazard ratio [HR] 6.1, 95% CI 2.6-14.1; PFS, HR 1.9, 95%
Cl1 1.2-2.9; Cox proportional hazards). Confirmation of tumor overlapping functional areas during intraoperative
mapping was strongly associated with shorter survival (OS, HR 9.6, 95% CI 3.6-25.9). In contrast, when mapping
revealed that tumor spared true eloquent areas, patients had significantly longer survival, nearly comparable to pa-
tients with tumors that clearly involved only noneloquent areas, as demonstrated by preoperative imaging (OS, HR

29,95% CI 1.0-8.5).

Conclusions. Presumed eloquent location of LGGs is an important but modifiable risk factor predicting disease
progression and death. Delineation of true functional and nonfunctional areas by intraoperative mapping in high-risk
patients to maximize tumor resection can dramatically improve long-term survival.

(DOI: 10.3171/2010.6 JNS091246)
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plasms characterized by insidious progression,
frequently invading functionally critical or “elo-
quent” brain regions. Eloquent brain areas in the cerebral
hemispheres are defined practically as the essential areas
for carrying out basic neurological functions and include
the sensorimotor cortex, language cortex, and subcortical
structures such as the basal ganglia and internal capsule.
Unlike malignant gliomas, LGGs often spare neural func-
tion in the process of slow infiltration or instead induce
cortical reorganization.?
Although many investigations have addressed risk

l OW-GRADE gliomas are infiltrative cerebral neo-

Abbreviations used in this paper: HR = hazard ratio; HSD = hon-
estly significant difference; KPS = Karnofsky Performance Scale;
LGG =low-grade glioma; OS = overall survival; PFS = progression-
free survival; UCSF = University of California, San Francisco.
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factors for survival, almost all have overlooked elo-
quence as one of the most important and unique aspects
related to cerebral neoplasms.6712:13.1519.2631 Few studies
have been conducted with sufficient long-term follow-up
after the widespread application of MR imaging, the cur-
rent standard for detection of LGGs.%"

Current surgical decision making relies upon weigh-
ing impressions about the benefit of resection on long-term
survival versus the perceived risks of surgery. This issue
is especially critical for patients with LGGs in eloquent
areas, as the risks of surgery are potentially greater than
for patients with tumors in noneloquent locations. Recent
studies have demonstrated that greater extent of resec-
tion is associated with improved long-term survival >142
However, injury of eloquent brain regions can result in
significant neurological impairments that can have dev-
astating consequences on quality of life and survival.

One approach to minimizing these potential risks of
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surgery, while aiming for a maximal resection, is the use
of intraoperative functional brain mapping. Mapping is
usually conducted by applying direct electrical stimula-
tion to successive neighboring cortical or subcortical ar-
eas to evoke either movement of the face, arms, or legs
(motor mapping) or the interruption of speech (language
mapping). Those areas deemed to be essential for motor
or language function are carefully preserved during re-
section. While this technique has been shown to greatly
minimize morbidity, its adoption has been limited by the
fact that no study to date has demonstrated that its appli-
cation can affect long-term survival.

We conducted a comprehensive review of a large co-
hort of 281 patients with LGGs that were treated surgical-
ly at our tertiary brain tumor referral center. The specific
aims of this study were as follows: 1) to determine PFS
and OS for patients with LGGs that infiltrate eloquent
brain areas; 2) to determine if intraoperative functional
mapping modifies the risk of progression or modifies du-
ration of survival in patients with LGGs presumed to in-
volve eloquent cortex based on preoperative imaging; and
3) to determine if functional mapping increases the extent
of resection of these lesions.

Methods

We conducted a retrospective review with long-
term follow-up of 281 consecutive cases involving adult
patients with hemispheric infiltrative LGGs that were
treated surgically at the UCSF between January 1989 and
June 2005. All included patients had newly diagnosed,
histologically confirmed WHO Grade II low-grade in-
filtrative gliomas. Patients with pilocytic or gemistocytic
astrocytomas were excluded. All research activities were
approved by the UCSF institutional review board for hu-
man research. Figure 1 shows the algorithm for analysis
and grouping by treatment in this study.

All demographic and radiographic features were de-
rived from hospital records. Clinical variables including
age, sex, and KPS score were recorded. The KPS score
was classified as follows: 100 (asymptomatic, incidental
findings), 90 (minor symptoms, such as a presenting sei-
zure or persistent headaches), 80 (normal activity with ef-
fort, with some signs or symptoms of disease).

Blinded MR Imaging Review

Preoperative MR images were independently re-
viewed by 2 investigators (E.C. and MW.M.), who were
blinded to patient outcome to control for observer bias
and surgeon operative preference. Tumor location and
anatomical characteristics were carefully documented,
including whether tumors had infiltrated brain areas pre-
sumed to be eloquent (Fig. 2). The eloquent areas consist-
ed of the sensorimotor strip (precentral and postcentral
gyri), dominant hemisphere perisylvian language areas
(superior temporal, inferior frontal, and inferior parietal
areas), the basal ganglia/internal capsule, the thalamus,
and the calcarine visual cortex. It is worth emphasizing
that this designation of “presumed” eloquence is based
upon preoperative diagnostic anatomical MR imaging,
not functional imaging or intraoperative functional map-
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ping, which will be addressed below. Using blinded eval-
uation allowed us to apply an unbiased differentiation of
cases into high and low surgical risk categories; patients
were considered to have high-risk lesions if there was in-
volvement of eloquent areas and low-risk lesions if there
was no involvement of areas presumed to be eloquent.

Surgical Intervention

During the study period, 8 neurosurgeons employed
a variety of surgical approaches in treating these lesions.
The surgical approaches included in this study popula-
tion ranged from minimal resection to maximal tolerated
resection sparing functional brain areas. Intraoperative
mapping techniques using direct electrocortical stimula-
tion (Ojemann Cortical Stimulator, Integra LifeSciences
Corp.) included language and/or motor mapping and were
applied if they were part of the surgeon’s routine practice.
Language mapping surgery is facilitated by local anes-
thesia so patients are fully awake during intraoperative
testing. Sites where stimulation induces speech arrest or
errors in naming or reading are designated as eloquent
language areas. Motor mapping can be done with the
patient under general anesthesia or awake. Sites where
stimulation evokes visually or electromyographically de-
tected movements of the face or limbs are designated as
eloquent motor areas. Details of these procedures have
been described previously.*'¢ To further evaluate the con-
tribution of eloquence and mapping to prognosis, cases
in which tumors were found to invade eloquent brain
were categorized as “true eloquent,” and those in which
tumors spared eloquent brain were categorized as “false
eloquent” (that is, cases in which the tumor was found
to be near or adjacent to eloquent brain, but not directly
overlapping it).

Outcome Measures

The main outcome measures were OS and PFS. Pro-
gression was defined as an unequivocal increase in the
FLAIR/T?2 signal abnormality and/or newly detected ar-
eas of contrast enhancement on follow-up MR imaging
compared with the baseline postoperative MR images
obtained within 3 days following surgery. Survival and
progression data were available for 281 patients (100%).

A secondary outcome measure was volumetric extent
of resection. Manual segmentation was performed with
region-of-interest analysis to measure preoperative and
postoperative tumor volumes (in ¢cm?) based on FLAIR
axial slices (5-mm thickness, no gap) as previously de-
scribed. Comparisons were made between pre- and post-
operative FLAIR imaging as well as postoperative T1-
weighted MR imaging to determine areas of residual
tumor. Extent of resection was calculated as (preopera-
tive tumor volume — postoperative tumor volume)/pre-
operative tumor volume x 100%. Preoperative contrast-
enhanced T1-weighted images were reviewed for each
case, and when enhancing tumor was present, its volume
was also measured. Determination of volumes was made
without knowledge of clinical outcome. Data on extent of
resection were available for 224 patients (80%).
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Fie. 1. Algorithm for analysis and grouping by treatment in this study.
Preoperative MR images from 281 patients with LGGs were blindly re-
viewed for tumor location that occupied presumed eloguent locations,
based upon anatomical criteria. Those patients with tumors in pre-
sumed eloguent locations were considered to be “high-risk” and were
further stratified by whether they underwent intraoperative functional
mapping. Cases in which tumors were confirmed to be in an eloquent
location were designated as "true eloquent” compared with those that
were determined by mapping to be adjacent but not directly overlapping
eloquent brain (“false eloguent”).

Follow-up information was obtained primarily by
extensive chart review, telephone interview, and through
the National Death Index archives. Telephone follow-up
was stopped on October 19, 2008. The follow-up period
for OS analyses was defined as the time interval between
date of initial surgery and the date of death or date that
the patient was last known to be alive. Duration of PFS
was defined as the time interval between the date of sur-
gery and the date of the MR imaging study on which the
first progression event was detected or the date of the last
known MR imaging study with no evidence of disease
progression (whichever was first).

Statistical Considerations

For categorical variables, the Fisher exact test was
used when analyzing differences in demographic char-
acteristics between patients with tumors in presumed
eloquent areas and those with tumors in presumed non-
eloquent areas. The Student t-test was used to test the dif-
ference in means for continuous variables. Kaplan-Meier
estimates were generated to illustrate the time-to-event
curves. The log-rank test was used to compare differences
in OS and PFS. Multivariate analysis by Cox proportional
hazards modeling was used to adjust for the known prog-
nostic factors: age at diagnosis, KPS (as continuous vari-
able), histological tumor subtype (astrocytoma, oligoden-
droglioma, and oligoastrocytoma), and maximum tumor
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Fie. 2. Representative schematic illustrations of eloquent tumor lo-
cations in left lateral view for cortical sites (A) and axial transection for
deeper subcortical sites (B). Red signifies language areas; blue, senso-
rimotor cortex; green, deep subcortical structures, including the thala-
mus, basal ganglia, and internal capsule. The 3 circle sizes designate
tumor diameter in centimeters.

diameter. Adjustment for multiple comparisons was made
by setting the threshold for statistical significance at 0.01.
Analysis of variance was used to compare differences in
extent of resection between the different mapping groups.
The Tukey HSD test was used for post hoc comparison of
individual differences.

Results
Baseline Characteristics

The baseline characteristics of the study population
and tumors are shown in Table 1. Patients with tumors in
presumed eloquent areas did not differ from those with
tumors in noneloquent areas with respect to age at diag-
nosis and histological tumor subtype. However, patients
with tumors in eloquent areas had lower KPS scores, larg-
er tumors, and a greater proportion of left-sided tumor lo-
cations. The majority of presumed eloquent-area tumors
were located in the sensorimotor (41%), language (48%),
and/or internal capsule/basal ganglia (47%). Less than
10% were located in visual cortex, the hypothalamus, or
the thalamus. Most of the presumed eloquent-area tumors
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TABLE 1: Summary of clinicopathological differences (63%) involved 1 eloquent area, while involvement of 2
between study patients with LGGs in presumed eloquent eloquent areas was less frequent (32%) and involvement
and noneloquent areas of 3 was rare (3.4%).
Characteristic Eloguent ~ Noneloquent p Value Clinical Outcome
no. of cases 174 107 The median duration of follow-up for those patients
patient age still alive at the time of last follow-up was 62.4 months
median 38 38 0.78* (range 3—152 months). The overall estimated 5-year OS
range 15-68 20-72 was 86%, with 214 patients who were censored. The over-

all estimated 5-year PFS was 62%, with 143 patients who

KPS sc.ore , were censored. In 174 patients (62%) LGGs were found to
median 90 90 <0.001 have infiltrated “high-risk” presumed eloquent locations.
range 80-100 90-100 Patients with tumors in “high-risk” presumed elo-
KPS =100 (%) 19 (11) 38 (35.5) quent Jocations had significantly shorter estimated OS (p
KPS = 90 (%) 146 (84) 69 (64.5) <_0.0001, log-rank test; estimated 5-year OS probability:
KPS = 80 (%) 704) 0(0) high-risk =0.79, low-risk = 0.98; Fig. 3A). A similar asso-
holoav (% ciation was found for PFS (5-year PFS, high-risk = 50%,

pathology (%) low-risk = 80%) (p < 0.0001, log-rank test; Fig. 3B). After
astrocytoma 53(31) 28(26) 072t adjustment for other prognostic factors such as age, per-
oligodendroglioma 59 (34) 42(39) formance status, tumor histological type, and tumor size,
oligoastrocytoma 62 (36) 37(35) we found that patients with eloquent-area LGGs demon-

side of tumor (%) strated (2)111 iﬁcRreaseg Sh(zyiz?:rd for siliorter OS and PFS (OS,
p <0.001, 6.1, 95% CI 2.6-14.1; PFS, p = 0.003, HR
:iegf;t 13; S?)) g: gi; oot 1.9, 95% CI 1.2-2.9; Cox proportional hazards). Of note,
o only 8 death events were observed among 107 patients
location (%) with low-risk tumors located outside of presumed elo-
frontal 77 (44) 7 (70) <0001T quent areas.
parietal 15(9) 9(8) Since eloquent location was so strongly predictive of
temporal 25 (14) 17 (16) all outcome measures, a subanalysis was carried out to
insula 56(32) 5(5) determine if the effect was additive by comparing out-
basal ganglia 1) 0(0) comes of patients with tumors involving 1 versus 2or3
) known eloquent areas. Involvement of multiple addition-
resection (%) al eloquent areas did not appear to confer significantly
gross total 24 (14) 69 (65) <0.001% higher risk of death (HR 0.60, 95% CI 0.52-1.6). Within
subtotal 150 (86) 38(36) the group of patients with LGGs in presumed eloquent
extent of resection (%) areas, no significant difference among different eloquent
median 636 931 <0.001* regions was observed for OS or progression estimates
(Fig. 3C and D).
range 5-100 5-100
maxm:jL.l;n diameter in cm 53 28 <0.001 Intraoperative Mapping and Clinical Outcome
;T::]glen 1.4-11 14-9 To determine the role of intraoperative functional
loquent locations (%) mapping, patients w1tl} tumors in presumed eloquent lo-
eloq . cations were then stratified according to whether they un-
sensorimotor 72(114) derwent mapping (“mapping yes” [127 patients]/”mapping
language 83(47.7) no” [47 patients]). Patients who underwent mapping were
visual 2(11) also grouped by whether functional brain areas were
hypothalamus 7(4.0) directly involved with or spared from tumor infiltration
thalamus 6(34) (“True-Eloquent” [8] patients]/“False-Eloquent” [46 pa-
. tients]). No significant difference in OS was observed be-
internal _capsule/ basal 82(471) tween those patients who underwent mapping and those
ganglia . who did not (p = 0.21, log-rank test).

no. of eloquent locations (%) However, analysis of the intraoperative mapping
1 10(63.2) findings revealed that OS was far shorter in the True-
2 55(31.6) Eloquent Group than in the False-Eloquent Group (Fig.
3 6(3.4) 4A, p <0.001, log-rank test; see Table 2 for adjusted HR).

Furthermore, patients in the True-Eloquent Group had

* Student t-test. survival estimates similar to patients with tumors in areas

t Fisher exact test. presumed to be eloquent who did not undergo mapping (p

=096, log-rank test). Likewise, patients in the False-Elo-
quent Group did not have significantly different survival
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Fic. 3. A and B: Kaplan-Meier survival estimates of OS (A) and PFS (B) stratified by “presumed eloguence” on MR im-
ages. C and D: Kaplan-Meier survival estimates of OS (C) and PFS (D) stratified by specific eloquent regions. (Probability

values based on log-rank test.)

from those who were harboring tumors in low-risk non-
eloquent areas, despite a trend that suggested that those in
the False-Eloquent Group fared slightly worse (p = 0.04,
log-rank test). Therefore, when functional mapping delin-
eated safe boundaries between tumor and eloquent brain
regions, OS was greatly improved.

Similar analysis was performed for the end point of
PFS (Fig. 4B). Despite a similar pattern of separation as
seen in OS, the benefit due to functional mapping is not
as apparent in terms of PFS. Specifically, the difference
between the True-Eloquent and False-Eloquent Groups
did not reach statistical significance (p = 0.18, log-rank
test). One plausible explanation would be the lack of reli-
ability in the assessment of tumor progression based on
the standard MR imaging technique.

To determine how intraoperative mapping influ-
enced resection, extent of tumor resection was analyzed
for the following 4 groups (Fig. 5): 1) patients whose tu-
mors were considered to involve only noneloquent areas
based on MR imaging (Noneloquent Group); 2) patients
with tumors in areas presumed to be eloquent based on
who did not undergo intraoperative mapping (No Map-
ping Group); 3) patients whose tumors were presumed to
involve eloquent areas based on MR imaging but were
found through intraoperative mapping to involve only
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noneloquent areas (False-Eloquent Group); and 4) patients
whose tumors were presumed based on MR imaging and
confirmed through intraoperative mapping to involve elo-
quent areas (True-Eloquent Group). In accordance with
the survival data, extent of resection was greater in pa-
tients in the Noneloquent Group and the False-Eloquent
Group (93.1% + 14.1% and 91.6% + 16.5%, respectively
[mean + SD]), whereas the mean extent of resection in
the No Mapping Group was 32.4% + 32.2% and the mean
extent of resection in the True-Eloquent Group was 59.2
+ 22.8% (p < 0.001, ANOVA). Post hoc analysis demon-
strated no statistically significant difference in extent of
resection between the Noneloquent Group and the False-
Eloquent Group (p = 0.98, Tukey HSD). These results
suggest that the long-term survival benefits associated
with functional mapping are likely facilitated through
increased extent of resection by definitively eliminating
risk of injury to eloquent brain in patients with tumors
that involve these areas.

Discussion

Intraoperative mapping in the surgical treatment of
brain tumors located in eloquent brain areas requires
validation with outcome measures. We evaluated a large
series of patients with extensive follow-up and showed
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TABLE 2: Multivariate analysis of mapping groups, PFS, and OS—adjusted for age, KPS score, tumor diameter, and histological type*

0S PFS
Median FU for Median FU for

Groupt No.of Pts  No.of Events  Censored (yrs) HR (95% Cl) No. of Events Censored (yrs) HR (95% Cl)
Noneloguent 107 8 56 1.0 37 4.3 1.0
No Mapping 47 28 10 9.0(3.6-22.3) 35 6.9 1.9 (1.2-3.2)
False-Eloquent 46 7 42 2.9(1.0-8.5) 20 3.8 1.5(0.9-2.7)
True-Eloquent 81 25 4.0 9.6 (3.6-25.9) 46 34 25(1.5-4.3)

* FU = follow-up.

t Groups were defined as follows: The Noneloquent Group included all patients with tumors determined to involve only noneloguent areas on the basis
of MR imaging. The No Mapping Group included all patients with tumors presumed to involve eloquent areas on the basis of MR imaging who did not
undergo intraoperative mapping. The False-Eloquent Group included all those whose tumors were presumed to involve eloquent areas but which were
found to spare eloquent brain based on intraoperative mapping. The True-Eloquent Group included all those in whom the presumption of eloguent brain

involvement was confirmed through intraoperative mapping.

that tumor location in eloquent brain areas was associ-
ated with shorter OS and PFS. Of the high-risk tumors
located in presumed eloquent brain areas, however, we
found that the use of intraoperative functional mapping
played a critical role in delineating those tumors truly in-
volved eloquent areas versus those that did not. A major
finding was that patients in the False-Eloquent Group had
excellent survival outcomes, which suggests that mapping
can drastically change the long-term prognosis for these
patients.

The role of eloquence as a prognostic factor has been
largely ignored in several studies published about the
long-term prognosis associated with LGGs.1?° However,
LGGs are commonly located in eloquent areas of the
brain? In our series, more than half of patients harbored
tumors that directly involved areas that were located in or
adjacent to presumed eloquent areas, which underscores
the importance of tumor location for treatment planning
and prognosis. Tumor location in eloquent areas of the
brain can influence survival through neurological impair-
ment due to malignant transformation and/or by preclud-
ing complete debulking of tumor burden. Subtotal resec-
tion is associated with recurrence of gliomas of a higher
grade >? Sawaya et al.”* examined 327 patients with both
primary and secondary brain tumors, including 40 LGGs,
and found that eloquent location was associated with in-
creased deficits in the immediate postoperative period,
but the effect on long-term survival was not assessed.

The current study demonstrates that intraoperative
functional mapping can improve long-term survival for
patients with LGGs. The proportion of cases that resulted
in a gross-total resection increased, as did the percentage
extent of tumor resection. Because extent of resection has
previously been shown to be an important predictor of
long-term survival 72 it is not surprising to find that
functional mapping-also plays an important role in sur-
vival, as it is the principal method by which resection can
be maximized while being carried out safely. Surgeon
skill and experience has an important role when consider-
ing aggressive resection of LGGs with ill-defined borders.
Increased extent of resection prolongs survival in part by
decreasing the risk of transformation into a higher-grade
tumor.!
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Intraoperative functional mapping can improve long-
term survival associated with LGGs located in eloquent
brain regions. Magnetic resonance imaging can usually
clearly demonstrate the location of the pre- and postcen-
tral gyrus in the normal setting, but tumors can distort the
normal anatomy of this area, necessitating intraoperative
localization of these eloquent areas. If tumors are mapped,
gross-total or subtotal resection of LGGs located in so-
matosensory cortex can be accomplished with minimal
deficits.!” Tumors located in supplementary motor areas
can be fully resected with transient postoperative deficits
that recover with time.?! Similarly, language cortex can
be located outside of the Broca and Wernicke areas; thus,
intraoperative mapping is essential in preventing apha-
sia.!'?2 When mapping is employed, tumors located in
presumed speech areas can be completely resected with-
out permanent deficits.> Smaller intraoperative mapping
studies have demonstrated functional tissue within the
confines of tumor tissue in both low- and high-grade glial
tumors.'®?7 A recent study using magnetic source imag-
ing has confirmed functional activity within LGGs.?* In
patients with functional tissue located within the tumor
who underwent gross-total resection, all had new neuro-
logical deficits postoperatively.

The role of other mapping methods, such as func-
tional MR imaging, magnetic source imaging, or diffu-
sion tensor tractography, was not directly evaluated in
our analyses. While these methods have demonstrated
utility in identifying regions involved in a given neuro-
logical function, they do not evaluate whether those areas
are critical for carrying out that function. This distinction
is important since resection of some functional involved
areas can be tolerated with minimal observable effects,
because either the function is widely distributed across
the cortical network or because of intrinsic redundant
circuitry. At our own institution, these other mapping
methods are primarily used for preoperative planning,
and sometimes to help guide, but they never replace elec-
trocortical stimulation.

Currently, intraoperative cortical mapping is used at
selected centers and is not universally employed during
the resection of LGGs located in eloquent cortex. Intraop-
erative mapping has previously been shown to be safe.>*

571




w 2
2
<
E 6
n 4
T 4
g 3
(o) logrank test
2 § 1vs2;p=0.04
3 vs 4; p=0.96
2vs 4, 2 vs 3; p<0.001
0.0
0 0 60 90 120
Months
B 10

logrank test
2 1 1vs2;p=0.05
2vs 3; p=0.18
3vs4=0.21

Progression-Free Survival

0.0

0 30 60 90 120
Months

W 1. Non-Eloquent

B 2. False Eloquent

N 3. True Eloquent

I 4. Presumed Eloquent- No Mapping

Fic. 4. Kaplan-Meier survival estimates of OS (A) and KPS (B) strat-
ified by subgroups. “False Eloquent Mapping® refers to cases in which
the brain region was preoperatively presumed to be eloquent based on
anatomical imaging, but was actually not eloquent based on intraopera-
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Recent studies have also shown it to be cost-effective as
patients require shorter periods of hospitalization and less
time in the intensive care unit.’® Based on the results of
the present study, we recommend the routine use of intra-
operative mapping during the resection of LGGs located
in presumed eloquent cortex to provide the best possible
long-term survival benefit.

Conclusions

Presumed eloquent location of LGGs is an important
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Fie. 5. Surgical extent of resection stratified by mapping subgroups.
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distribution (circles).

predictor of OS and PES. This is the first demonstration
that the use of functional stimulation mapping can signifi-
cantly modify long-term survival as it relates to presumed
eloquent tumor location. These effects are likely to be
mediated through maximization of the extent of resection
and reduction of tumor burden. Therefore, the standard of
care for patients with LGGs in presumed eloquent loca-
tions necessitates intraoperative mapping; to do otherwise
deprives patients of precious survival time.
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