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Perilesional Resection of Glioblastoma Is
Independently Associated With Improved Outcomes

BACKGROUND: Resection is a critical component in the initial treatment of glioblastoma
(GBM). Often GBMs are resected using an intralesional method. Circumferential perilesional
resection of GBMs has been described, but with limited data.

OBJECTIVE: To conduct an observational retrospective analysis to test whether perile-
sional resection produced a greater extent of resection.

METHODS: We identified all patients with newly diagnosed GBM who underwent
resection at our institution from June 1, 1993 to December 31, 2015. Demographics,
presenting symptoms, intraoperative data, method of resection (perilesional or intrale-
sional), volumetric imaging data, and postoperative outcomes were obtained. Complete
resection (CR) was defined as 100% resection of all contrast-enhancing disease. Univariate
analyses employed analysis of variance (ANOVA) and Fisher’s exact test. Multivariate
analyses used propensity score-weighted multivariate logistic regression.

RESULTS: Newly diagnosed GBMs were resected in 1204 patients, 436 tumors (36%) perile-
sionally and 766 (64%) intralesionally. Radiographic CR was achieved in 69% of cases. Multi-
variate analysis demonstrated that perilesional tumor resection was associated with a
significantly higher rate of CR than intralesional resection (81% vs 62%, multivariate odds
ratio = 2.5, 95% confidence interval: 1.8-3.4, P < .001). Among tumors in eloquent cortex,
multivariate analysis showed that patients who underwent perilesional resection had a
higher rate of CR (79% vs 58%, respectively, P < .001) and a lower rate of neurological
complications (11% vs 20%, respectively, P=.018) than those who underwent intralesional
resection.

CONCLUSION: Circumferential perilesional resection of GBM is associated with signif-
icantly higher rates of CR and lower rates of neurological complications than intrale-
sional resection, even for tumors arising in eloquent locations. Perilesional resection, when
feasible, should be considered as a preferred option.

KEY WORDS: Circumferential dissection, Extent of resection, Glioblastoma, Intralesional resection, Neurological
complications, Perilesional
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urrently, the standard-of-care treatment
C for glioblastoma (GBM) is maximal safe
resection followed by temozolomide
administration ~ and  radiation  therapy."?
Although GBM is an infiltrative disease and

extends beyond the contrast-enhancing portion
of the tumor, the goal of surgery is maximal

ABBREVIATIONS: Cl, confidence interval; CR,
complete resection; GBM, glioblastoma; HR, hazard
ratio; KPS, Karnofsky Performance Scale; OR, odds
ratio; OS, overall survival
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resection of this enhancing component. The
extent of resection correlates with survival,
as initially described by Lacroix et al*
and confirmed by several other studies.3 ¢
Nonetheless, aggressive surgical resection must
be balanced with the goal of minimizing neuro-
logical deficits.

A major tenet of oncological surgery outside
the central nervous system is that resections
should be conducted using an en bloc “no-touch”
technique in which the mass is circumferentially
removed without violation of its outer border
and often with a margin of normal tissue.” 13
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This method is thought to prevent tumor spillage and to ensure
complete removal of tumor cells. Historically, although en bloc
resection with margins has not been a major tenet of neurosur-
gical oncology, recently, en bloc resection has been increasingly
explored as a means of improving outcomes in certain pathologies.
For example, en bloc resection of brain metastases is associated
with decreased rates of recurrence and leptomengingeal disease
compared with intralesional resection, wherein the pseudocapsule
around the tumor is violated.'*'® Furthermore, en bloc resection
of pituitary adenomas is associated with improved outcomes and
has been advocated by Oldfield et al.!”*!® Finally, recent work has
also suggested that en bloc resection improves the outcome of
patients with many other neurosurgical malignancies, including
hemangioblastomas, and spinal tumors such as ependymomas,
chordomas, and chondrosarcomas.'?-23

For GBM, surgeons may remove the tumor in an intralesional
fashion, often described as piecemeal, in which the contrast-
enhancing portion of the tumor is entered, and the tumor is
removed from the center toward the edges. This intralesional
approach has been the mainstay of treatment because it is thought
to be safer, as eloquent brain surrounding the tumor is approached
only after the main mass is removed. In contrast, our group and
others have previously described resecting GBMs using a perile-
sional circumferential dissection.’®?” However, the safety and
efficacy of this approach have not yet been reported. GBM is
known to be infiltrative, and thus a true en bloc resection is
not possible. However, we reasoned that following these same
principles, using a perilesional resection technique to circum-
ferentially dissect the brain—tumor interface would maximize
extent of resection without increased neurological morbidity. We
tested this hypothesis by analyzing the outcome of patients who
underwent resection of treatment-naive GBMs, comparing the
perilesional and intralesional resection techniques.

METHODS

Patient Selection

We identified patients with newly diagnosed GBM who underwent
initial resection at our institution from June 1, 1993, to December
31, 2015, from our prospectively collected departmental database. This
observational study conforms to the strengthening the reporting of obser-
vational studies in epidemiology (STROBE) research reporting guide-
lines and was conducted under the auspices of an institutional review
board-approved protocol. Waivers of informed consent and autho-
rization were granted. Patients were only included if the tumor was
newly diagnosed and previously untreated. To reduce bias in selection
of a resection technique, we excluded 131 patients whose tumors
were located primarily in deep locations or in locations that precluded
perilesional resection, including tumors located mainly in the ventricle,
thalamus/hypothalamus, insula, or deep within the posterior fossa.
Opverall, 1204 patients were included in the study.

Most demographic, preoperative, and perioperative clinical data
were collected prospectively and entered into our Brain and Spine
Center Database. These data included multiple intraoperative param-
eters, including whether the tumor was removed perilesionally or
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intralesionally. The remaining data were collected retrospectively.
The following data were collected and reviewed: demographic data,
preoperative data (including presenting symptoms), Karnofsky Perfor-
mance Scale (KPS) score, and imaging data (including pre- and postop-
erative tumor volume using T1- and T2-weighted imaging [based
on comparative computerized volumetric analyses of preoperative and
postoperative magnetic resonance imaging scans]). For the purpose
of analysis, tumor location defined as either within eloquent (located
directly in cortex controlling motor, sensory, speech, or visual functions)
or noneloquent brain (in noneloquent cortex or near eloquent cortex)
was determined based on previous publications from our institution.*®
In addition, we recorded extent of tumor resection, extent of residual
tumor, evidence of necrosis, hemorrhage, or cysts, and intraoperative
data such as method of resection (perilesional or intralesional), blood
loss, and type of anesthesia (either general or with patient awake). The
choice of resection technique was determined by the surgeon, and it
was classified and recorded in the charts/database prospectively by the
surgeon at the end of the operation. We defined complete resection (CR)
as 100% resection of all contrast-enhancing tumors. We also quantified
postoperative data including neurological complications, seizures, and
other complications such as infections and hemorrhages. Postoperative
hemorrhages were recorded if they required surgical intervention. A
neurological complication was counted if the patient developed new
or worsening deficits postoperatively. Neurological complications that
lasted beyond 30 d were considered long-term neurological complica-
tions. We defined perilesional resection as using a dissection technique
in which the interface/pseudoplane between enhancing tumor and brain
is identified initially, and then dissected circumferentially until the tumor
specimen has been separated, which resulted in a single specimen.

Statistical Methods

The primary outcome studied was CR, and the secondary outcomes
were neurological complications, intraoperative blood loss, non-
neurological complications, and survival. Univariate analyses used
ANOVA for continuous variables and the Fisher exact test for categorical
variables. Multivariate analyses were performed using logistic regression.
Odds ratios (ORs) with 95% confidence intervals (Cls) were reported.
Any missing values were omitted from analysis.

Differences in patients’ characteristics are noted in Table 1. We recog-
nized that there is an inherent bias between the tumors that were
resected perilesionally vs intralesionally, in that surgeons may have
been more reluctant to use the perilesional method for tumors located
in eloquent brain regions than for tumors in noneloquent areas. To
adjust for this selection bias in choosing perilesional vs intralesional
resection techniques, we applied a propensity score weighting method
in our analysis.”” This method aims to balance the baseline covariates to
allow for homogenous distribution of the variables between the patient
groups who underwent either perilesional or intralesional resection. The
propensity scores were calculated on the basis of the projected probability
of undergoing perilesional resection, given a patient’s baseline character-
istics. To estimate the propensity score for each patient, a multivariate
logistic regression model was fitted with perilesional resection (yes = 1
vs no = 0) as the response and the baseline patient characteristics as the
model covariates/predictors.

Overall survival time, defined as the time from date of diagnosis
to the date of death, was estimated using the Kaplan—-Meier method.
The log-rank test was employed to determine the difference in survival
times between groups. Variables tested in the survival analysis included
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TABLE 1. Preoperative Presenting Characteristics of 1204 Patients, 1202 of Whom Underwent Either Perilesional Resection or Intralesional

Value
Characteristic All patients Perilesional Intralesional P value
Total 1204 patients 436 (36%) 766 (64%)
Median age 59.4 yr 60.5 yr 59.1yr NS
Sex
Male 60% 59% 61% NS
Female 40% 41% 39%
Median tumor volume 28.9 cm? 29.2cm? 28.9 cm? NS
Location
Frontal 39% 41% 38% NS
Temporal 37% 32% 39% .02
Parietal 18% 18% 18% NS
Functional location
Eloquent 40% 34% 43% .002
Noneloquent 60% 66% 57%
Tumor characteristic
Cystic 15% 15% 15% NS
Necrotic 63% 59% 66% .04
Hemorrhagic 1% 10% 12% NS
Preoperative deficits
All neurological deficits 72% 67% 74% .01
Motor deficits 34% 30% 37% .01
Speech deficits 33% 35% 32% NS
Sensory deficits 16% 1% 19% <.001
Visual deficits 22% 23% 21% NS
Preoperative KPS score > 70 92% 95% 91% .02
Preoperative seizures 30% 27% 32% NS

KPS, Karnofsky Performance Scale.

Data on resection technique were available in 1202 patients. Results of univariate analysis with P values are reported. P < .05 was considered significant, NS = not significant.

demographics such as age and sex, resection type, extent of resection,
presence of neurological complications, KPS score, and location in
eloquent brain. Cox proportional regression with propensity score
weighting was applied to estimate hazard ratios (HRs) and their
95% Cls.

Data were analyzed using SPSS version 23.0 software (IBM Inc,
Armonk, New York) and statistical software R version 3.3.2 with the
packages Matching version 4.8-3.4 and survival version 2.38-1 (R
Foundation for Statistical Computing, Vienna, Austria). P values of less
than or equal to .05 were considered to be statistically significant.

Surgical Technique

Our standard technique involves using intraoperative ultrasound and
stereotactic image guidance to identify the cortical margins of the tumor
and its subcortical extension. Functional imaging and tractography as
well as intraoperative mapping are vital to guiding our dissection and
are used to identify surrounding functional tissue, including functional
cortex and subcortical white matter. When performing an intralesional
resection, the tumor is entered and resected until normal brain is
identified visually or by tactile sensation or until functional tdissue is
identified by functional mapping. However, the brain—tumor interface
can be difficult to identify as a result of progressive tissue swelling during
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the operation and an increase in bleeding surfaces. When performing a
perilesional resection, we use the imaging and functional data obtained to
perform volumetric and circumferential dissection of the tumor (Figures
1 and 2). The basis for this technique requires following a plane between
the tumor and brain to maximize extent of resection and reduce trans-
gression into subcortical white matter, which has been shown to be the
most common source of postoperative deficits.”® Tumors that extend to
the cortical surface typically expand a gyrus. Using a transsulcal approach,
the sulci that border this gyrus can then be used as the tumor margins
for dissection. Otherwise, a transcortical approach can be used to define
the tumor margin, especially for subcortical tumors. We use bipolar
cautery and suction to dissect the tumor edge along a gliotic pseudoplane,
which is often identifiable. Following this dissection pattern allows us to
maximize tumor resection by minimizing transgression into the tumor,
which also decreases bleeding. Along the edge of gyri, a subpial resection
technique preserves the vascular integrity of the adjacent cortex and
minimizes subcortical vascular injury. As we circumferentially surround
the tumor with minimal brain retraction, we are able to coagulate feeding
vessels and avoid vessels en passage. While approaching the deeper
portions of the dissection, care is taken to stay on the tumor border. In
addition, because the tumor is not “decompressed,” computer-assisted
surgical guidance is relatively well maintained, allowing for greater corre-
lation at the depths of the dissection.

www.neurosurgery-online.com
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Ascending branch
frontal branch

Precentral
(prerolandic)

Central
sulcus

FIGURE 1. Perilesional technique of GBM resection. A, A GBM in the left frontal lobe abutting Broca’s area is
shown. The expanded gyrus is identified, and irs surrounding sulci are dissected. A perpendicular section at the
level of the green plane in A is shown in B: the sulci are split to identify the large arteries, and the feeding vessels
are coagulated and cut. After reaching the base of the sulcus, the inferior portion of the tumor is resected along
the plane between the solid mass and the infiltrated brain. Reproduced with permission from Hentschel, S. J. and
E E Lang, Current surgical management of glioblastoma. Cancer ], 2003. 9 (2): 113-125. (http://ovidsp. tx.ovid.
com/sp-3.26. 1alovidweb.cgi?erS = HKKPFPPKLKDDIGCKNCGKPBIBCBPPAAOOG Link + Set = S.5sh.22.23.

26.29%7¢7%esl_10).

RESULTS

We identified 1204 patients who met the inclusion criteria
and underwent resection for newly diagnosed GBM (Table 1).
Data on resection technique were available for 1202 patients.
Perilesional resection was performed in 436 cases (36%), whereas
766 tumors (64%) were resected using an intralesional technique.
There was no significant difference in median tumor volume
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between tumors resected perilesionally (29.2 cm®) and those
resected intralesionally (28.9 cm?).

Degree of Resection

Of the tumors evaluated, 1095 had adequate preoperative and
postoperative data recorded to assess degree of resection, and
754 (69%) had a CR with no residual contrast enhancement
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that was resected in a perilesional manner, as described above.

FIGURE2. A, Perilesional resection of a right temporo-occipital GBM. (Left) Preoperative axial T1-weighted postcontrast MR image. (Right)
Postoperative axial T1-weighted postcontrast MR image. B, Intraoperative image of perilesional resection of the right temporo-occiptal GBM
shown in Figure 2, depicting craniotomy with inferiorly based dural flap exposing the temporo-occipital region overlying the tumor. The outline
of the planned corticectomy can be seen. The Penfield #4 dissector is seen in the lower left (anterior superior) corner of the craniotomy. A large
vein of Labbé is seen along the inferior edge of the planned resection (*). C, Depicts the resection cavity. The Penfield #4 dissector is within the
cavity at the edge of a ventricular opening (*). The tentorium is seen in the depths of the cavity (**). D, Image of the GBM tumor specimen

noted on postoperative T1-weighted imaging (Figure 3). Of
the perilesionally resected tumors, a CR was achieved in 81%,
whereas only 62% of tumors that were resected in an intralesional
fashion had a CR, which was statistically significant (P < .001;
Table 2). This finding was confirmed with multivariate analysis
with adjustment with propensity score weighting to balance for
baseline covariates (OR = 2.5, 95% CI: 1.8-3.4, P < .001). The
only other variable significantly associated with CR was smaller
tumor volume (OR = 1.01, 95% CI: 1.01-1.02, P < .001).

Postoperative Neurological Complications

Of the 1204 patients included in the study, 155 (13%)
patients developed a neurological complication after surgery.
Univariate analysis revealed that patients who underwent perile-
sional resection had a significantly lower neurological compli-
cation rate than those who underwent intralesional tumor
resection (9% and 15%, respectively, P = .004; Figure 4, Table 3).
Multivariate analysis showed that perilesional resection continued
to be significantly associated with a lower rate of neurological
complications (P = .03), and eloquent location of the tumor

16 | VOLUME 86 | NUMBER1 | JANUARY 2020

was associated with a higher rate of neurological complications

(P = .02; Table 4).

Long-Term Neurological Complications

Opverall, 1157 patients had adequate clinical follow-up data
to assess long-term neurological function. Eight percent of
patients developed long-term neurological complications. Perile-
sional resection was associated with a lower rate of long-term
neurological complications than intralesional resection (6% and
9%, respectively), but this was not significant. After multivariate
analysis, only eloquent tumor location was significantly associated
with long-term neurological complications (P = .03; Table 4).

Subgroup Analysis of Tumors in Eloquent Locations

Tumors in eloquent brain were less likely to undergo perile-
sional resection than tumors in noneloquent locations (31%
and 40%, respectively, 2 = .002). Thus, we reasoned that a
separate analysis of tumors in eloquent brain would best evaluate
the impact of resection technique on outcomes. There was no
significant difference in median tumor volume between tumors

www.neurosurgery-online.com
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Proportion of Complete Resection
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FIGURE 3. Bar graph depicting the percentage of complete resection for each variable. Tumor volume is dichotomized for the purpose of visualization. * Statistically
significant based on univariate analysis. * Statistically significant based on multivariate analysis.

resected perilesionally (30.0 cm?®) and those resected intrale-
sionally (31.0 cm?).

Tumors in eloquent locations were evaluated in 479 patients.
CR was attained in 64% of cases. The rate of CR was significantly
greater in tumors resected perilesionally than in those resected
intralesionally (79% and 589%, respectively; P < .001). This was
confirmed with multivariate analysis (OR = 2.8, 95% CI: 1.7-
4.6, P < .001). In this subgroup, 17% of patients had a postoper-
ative neurological complication. Patients who underwent perile-
sional resection had a lower rate of neurological complications
than those who underwent intralesional resection (11% and 20%,
respectively), and this was the only significant variable identified
based on both univariate and multivariate analyses (OR = 0.5,
95% CI: 0.2-0.9, P = .02).

Survival

The median overall survival (OS) time for this patient
population was 13.8 mo (95% CI: 1.09-1.21). Patients who

NEUROSURGERY

underwent perilesional resection had a longer median OS time
(14.3 mo) than those who underwent intralesional resection (13.4
mo, HR =0.89, 95% CI: 0.813-0.974, P = .01). Longer OS was
also associated with CR (HR = 0.626, 95% CI: 0.565-0.683,
P < .001), younger age (HR = 0.974, 95% CI: 0.968-0.976,
P < .001), and a preoperative KPS score > 70 (HR = 0.842,
95% CI 0.714-0.992, P = .04). The positive effect of perile-
sional resection was not significant (P = .25) when CR was
included in the model, indicating that CR was more important
to survival than resection technique. We also found similar results
with comparable estimated HRs when subgroup analyses were
performed for eloquent and noneloquent patients.

Other Surgical Outcomes

The mean intraoperative blood loss was 222 mL. After
multivariate analysis, perilesional resection was the only factor
associated with lower intraoperative blood loss (170 vs 251 mL
for intralesional resection, P < .001). The overall postoperative
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TABLE 2. Results of Univariate and Multivariate Analyses Evalu-
ating Variables Associated With Complete Resection of a Previously
Untreated Glioblastoma
Multivariate
Univariate Multivariate odds ratio
P-value P-value (95% ClI)

Age 7
Sex 16 | 0.8(0.6-1.1)
Perilesional resection <.001 <.001 2.5(1.8-3.4)
Preoperative volume <.001 <.001 1.01(1.01-1.02)
Eloquent location .01 24 0.8(0.6-1.1)
Preoperative neurological n 5 0.9(0.6-1.3)
deficits
Left-sided .09 .06 0.7(0.5-1.01)
Preoperative KPS score > 70 <.001 Al 1.7(0.9-3.3)
Location-frontal .6
Location-temporal 3

KPS, Karnofsky Performance Scale.
Odds ratios with 95% confidence intervals (Cl) are reported. P < .05 was considered
significant.

intracranial hemorrhage rate was 1.8%. The most common
type of hemorrhage identified was intraparenchymal hemorrhage,
which was identified in 0.9% of patients. CR was the only variable
associated with a lower rate of intraparenchymal hemorrhage,
after multivariate analysis (P = .04).

DISCUSSION

In the largest study to date evaluating circumferential perile-
sional resection for newly diagnosed GBM, we showed that perile-
sional resection is associated with a higher rate of CR of the
contrast-enhancing disease along with decreased postoperative
neurological morbidity. Furthermore, we showed that perilesional
resection is safe and feasible in eloquent locations and is also
associated with a lower rate of neurological complications. We
believe this to be the largest study discussing the advantages of
perilesional-style resection.

In many non-neurological systemic malignancies, en bloc
resection using a “no-touch” technique is often standard and
is associated with improved outcomes, and en bloc techniques
are known to improve outcomes in many neurosurgical malig-
nancies,”~2%24:25,31,32 Many neurosurgeons resect GBMs from
the center toward the edges in an intralesional/piecemeal fashion.
Although GBM is an infiltrative tumor, thus making an authentic
en bloc resection infeasible, we are proponents of performing a
circumferential dissection in the gliotic plane surrounding the
contrast-enhancing portion of GBMs, resulting in a circum-
ferential perilesional resection. In addition, because the tumor
is not “decompressed” during the dissection, computer-assisted
image guidance is relatively well maintained throughout the
procedure.’® Although similar resection techniques have been
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described by many groups including our own,?¢27:33-3 data are
sparse regarding patient outcomes. The only study describing
patient outcomes with this technique evaluated a small patient
population of 34 patients and found it to be associated with
improved survival.*’

Although GBM is an infiltrative disease and often contains
contrast-enhancing and nonenhancing components,* the typical
goal of surgery is maximal safe resection of the contrast-enhancing
portion, and perilesional resection would facilitate these goals.
In fact, our data show that perilesional resection was the only
controllable variable significantly associated with a higher rate
of CR.

We recognized that there may be a selection bias when choosing
the perilesional technique. We were concerned that as a result
of this bias, smaller tumors in noneloquent regions were more
likely to be resected using perilesional resection. Yet we found
that tumor size was similar in the 2 groups. We did find that
a smaller percentage of tumors located in eloquent brain were
resected using the perilesional technique. Thus, we performed
an analysis evaluating only tumors in eloquent locations. Never-
theless, in this subgroup, perilesional technique was associated
with a significantly higher rate of CR and a lower rate of neuro-
logical complications after multivariate analysis.

We found less difference in comparing resection techniques
when evaluating long-term neurological complications. Perile-
sional resection was associated with lower rates of long-term
neurological complications, but this was not significant. Thus, the
difference between the resection techniques was most profound
in short-term complications. This could be a result of a
reduced frequency of complications for comparison. Regardless,
these shorter-term neurological deficits can still result in major
detriment to the quality of life and are associated with decreased
survival time. Rahman et al’” found that patients with new
or worsened postoperative neurological deficits had significantly
worse survival than those who lacked such deficits (9.2 and
14.7 mo, respectively), and importantly, this difference remained
even in patients in whom the deficits improved at follow-
up visits. McGirt et al’® evaluated the presence of deficits
at patient discharge, and found that the 2-yr survival rate
for patients without surgically acquired deficits was 23% but
was 0% and 8% for patients with speech or motor deficits,
respectively.

Notably, we found that perilesional resection was signifi-
cantly associated with a lower intraoperative blood loss. Anecdo-
tally, in some cases when tumors are resected in an intrale-
sional fashion, bleeding can be substantial and often does
not abate until the tumor is completely resected. This issue
is often avoided when a perilesional approach is employed.
Furthermore, a CR was significantly associated with a lower rate
of postoperative intraparenchymal hemorrhages. It is likely that
residual tumor burden continues to be a source for potential
hemorrhage.

Aggressive surgical resection must be balanced with the goal
of minimizing neurological deficits. Any mechanism to decrease

www.neurosurgery-online.com
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Rate of Neurological Complications

9%
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4%

Speech Complications Long-term complications

Intralesional

FIGURE 4. The percentages of all neurological complications and specific subtypes are shown for the 2 resection techniques (perilesional and intralesional). * Statistically
significant based on univariate analysis. * Statistically significant based on multivariate analysis. P < .05 was considered significant.

deficits should be attempted.’**? We urge surgeons to contem-
plate the risks of neurological deficits before proceeding with
aggressive resections, and to attempt any means to improve neuro-
logical outcomes. We routinely perform mapping when resecting
tumors in or near eloquent regions.

Limitations

This study has several limitations. This is a retrospective
review at a single institution, although most data were collected
prospectively. There may be selection bias in the choice of using
perilesional resection, as surgeons may limit its use in eloquent
locations, but we tried to mitigate this bias by using a propensity
score weighting method and by performing a subgroup analysis
focusing on tumors in eloquent locations alone. Although a
randomized trial might be the most definitive way to address

NEUROSURGERY

this question, it is impractical, or unlikely to be successfully
conducted.

CONCLUSION

Maximal safe resection has been shown to improve patient
survival, but this must be balanced with minimizing neurological
deficits. Surgeons should consider options that may improve
the outcomes of our patients. Using the circumferential perile-
sional resection technique is significantly associated with higher
rates of CR of GBM and a lower rate of neurological complica-
tions. Furthermore, in eloquent areas of the brain, the perilesional
technique was safe and feasible and in fact, was also associated
with a greater extent of resection and lower rates of neurological
complications than intralesional resection. Perilesional resection
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TABLE 3. The Proportions of All Postoperative Neurological
Complications in Relation to Clinical Variables Potentially Affecting
Morbidity in Patients Who Underwent Resection of a Previously
Untreated Glioblastoma

Presence of postoperative  Univariate
neurological complications  analysis

Variable Yes No Pvalue

Overall 13% 87%

Resection method
Perilesional 9% 91% .004
Intralesional 15% 85%

Location
Eloquent 17% 83% <.001
Other 10% 90%

Extent of resection
Complete 12% 88% .052
Incomplete 16% 84%

Presence of preoperative deficits
Preoperative deficit 14% 86% .04
No deficit 10% 90%

Tumor cyst presence
Cyst 8% 92% .02
No cyst 14% 86%

Results of univariate analyses with P values are shown. P < .05 was considered signif-
icant, NS = not significant.

TABLE 4. Results of Multivariate Analysis Evaluating Postoperative
Neurological Complications in Patients Who Underwent Resection
of a Previously Untreated Glioblastoma

Odds ratio
(95% Cl) P value
All neurological complications
Perilesional resection 0.6 (0.4-0.9) .03
Eloquent location 17 (1.1-2.5) .02
Long-term neurological complications
Eloquent location 1.8 (1.04-3.2) .03

Odds ratios with 95% confidence intervals (Cl) are reported. P < .05 was considered
significant.

of a GBM, when feasible, should be considered as a preferred
option.
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Video Abstract: Summary Video of Perilesional Resection of Glioblastoma Is
Independently Associated With Improved Outcomes.
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PERILESIONAL GBM RESECTION IMPROVES OUTCOME

COMMENTS

he authors present a large series of patients with newly diagnosed

GBM who were treated with intralesional or perilesional approaches.
The hypothesis of this study was that although GBM is an infiltrative
tumor, a pseudo “en bloc” approach can improve extent of resection
and be safely performed. This approach has been previously reported by
multiple groups but long-term follow-up data on a large cohort makes
this study unique. The data suggests that this type of approach results
in improved rate of complete removal, less blood loss, and no more
morbidity than the usual school of intralesional debulking. This study is
well-powered and the outcomes are not unexpected. Perilesional resection
allows the surgeon to obtain a maximal or in some cases supramaximal
resection which results in improved survival, albeit a marginal benefit
in terms of total months. I think the authors have done a nice job of
excluding deep lesions so that the groups are comparable. Despite this,
there will be inherent biases in selection because not all tumors adjacent
or within eloquent regions are equal, but I think given the large number
of patients included in the study this limitation is acceptable. The authors
themselves have certainly alluded to this in the limitation section. I
personally subscribe to aggressive surgery for GBM but it is important
to remember that this strategy has been tried and abandoned with other
solid cancers exactly for the reason that cancer is not, at its most funda-
mental core, a purely surgical disease, but rather a systemic disease that
requires systemic therapy for ultimate “cure”. Certainly, the reported
strategy by the authors results in a more complete gross resection but
a word of caution to the overly zealous young or inexperienced surgeon
is warranted in the discussion.

M. Yashar S. Kalani
Charlottesville, Virginia

he authors present a large cohort of glioblastoma patients to

determine if extent of resection and other measures of patient
outcome are improved using a perilesional resection versus an intrale-
sional technique for resection of the tumor. The major limitation of this
work is the obvious selection bias inherent in this retrospective study.
Some tumors are more amenable to an en bloc resection while other
lesions require an intralesional approach. This work adds to the growing
body of literature supporting the importance of extent of resection in
the outcomes of patients with gliomas. Nevertheless, it is important to
remember that increasing resection volume at the expense of causing a
new, permanent neurological deficit nullifies all of the survival benefits
to the patient.

Randy L. Jensen
Salt Lake City, Utah
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