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Abstract
Purpose Extensive resection probably confers a modest survival advantage in patients with glioblastoma.
Studies have revealed the positive effects of intraoperative stimulation mapping (ISM) on the extent of
resection, but no consensus for contribution of intraoperative stimulation mapping is reached.

Methods This retrospective study enrolled two groups of patients who underwent surgery for motor-
eloquent glioblastoma: the non-ISM group of 57 patients (surgery in 2008–2013) and ISM group of 13
patients (surgery in 2014–2015). The two groups and subgroups based on resection extent and
postoperative additional neurological de�cit were compared using Kaplan–Meier analysis and the log-
rank test.

Results Gross or near total resection (≥ 90% resection quality) was signi�cantly more common in the ISM
group than the non-ISM group (76.9% versus 24.6%; p = 0.001). The extent of resection was also
signi�cantly greater (90.5% ± 15.6% versus 64.6% ± 29.2%; p = 0.002). The neurological outcome in the
ISM group was thus superior, but the two differences were not signi�cant. The median progression-free
survival time was signi�cantly longer in the ISM group (22.0 ± 5.1 months vs 8.0 ± 1.0 months; p = 0.037)
but a signi�cant difference was not indicated in median overall survival time (22.0 ± 8.4 months vs 16.0 ± 
2.2 months; p = 0.167).

Conclusion ISM was discovered to lead to higher quality of resection and delayed recurrence. The
neurological outcome and median overall survival time in the ISM group was thus superior, but the two
differences were not signi�cant.

Trial registration number (for clinical trials) Nil

Introduction
Malignant glioma is invasive and in�ltrative [1], and surgical resection is unlikely to be curative [2, 3]. In
most patients, tumor recurrence occurs and survival is poor [4]. Of numerous factors related to the
speci�c tumor and treatment employed, only patient age, performance status, some molecular markers,
and tumor histology have been identi�ed as reliable prognostic factors [5-10]. Whether resection is
worthwhile in glioblastoma has long been debated, but scholars have believed that a modest survival
advantage is conferred by maximal resection [11-13].

Because tumors are often located in eloquent areas, with evidence showing that involvement of these
areas results in disease progression and poor survival [14, 15], the aim of modern surgical policy is
maximization of the quality of resection and minimization of the risk of surgical sequelae [16].
Glioblastoma resections are increasingly being guided by emerging presurgical functional imaging and
intraoperative mapping techniques [17]. This modern strategy has been shown to ensure the greatest
resection extent and to reduce the neurological de�cit caused by surgery [18].
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However, the true contribution of the intraoperative mapping technique remains controversial. Few
studies have compared use and nonuse of intraoperative stimulation mapping (ISM) for brain tumor
surgery in a single institution [19, 20]. In our department, ISM began to be used in glioma surgery in 2014.
This study, conducted in two consecutive periods (2008 to 2013 and 2014 to 2015) in a single
department, is a unique comparative study determining the possible contribution of intraoperative
electrostimulation mapping to glioblastoma resection surgery, particularly resection within or adjacent to
the descending motor pathways.

Material And Methods
Patients

This was a single institution, retrospective study of data collected as part of standard care. We identi�ed
70 consecutive patients who underwent glioblastoma resection surgery adjacent to or within the
descending motor pathways from January 2008 to December 2015. Our institute began using ISM for
brain tumor surgery since Januaey 2014. The �rst 57 patients, who underwent conventional surgery
without ISM between January 2008 and December 2013, were de�ned as the non-ISM group; the
subsequent 13 patients, who underwent resection surgery with ISM between January 2014 and December
2015, were de�ned as the ISM group.

We obtained clinical data from the patients’ medical records, including the patients’ demographics,
neuroradiologic data, intraoperative �ndings, postoperative outcomes, Karnofsky Performance Status
(KPS) score, recurrence, and follow-up. All patients underwent baseline and volumetric magnetic
resonance imaging (MRI) studies. The ISM group also underwent functional MRI (fMRI) and diffusion
tensor imaging (DTI) preoperatively. In the non-ISM group, fMRI and DTI were performed prior to surgery
in only �ve cases. The World Health Organization (WHO) brain tumor classi�cation was employed for
pathology classi�cation [21]. Following the initial surgical resection, radiation therapy and adjuvant
chemotherapy were administered to patients as the standard therapy [4].

All adult patients who underwent primary glioblastoma resection surgery within or adjacent to the
descending motor pathways were included in the study based on imaging criteria for the motor eloquent
cortex and diffusion tensor imaging. The exclusion criteria were tumor involving another eloquent area
(visual, language, and supplementary area), bleeding with hemiplegia before surgery, and cases in which
only biopsy was performed. The institutional review board of our institution approved the study protocol
(IRB No.: 201800151B0).

Intraoperative electrostimulation protocol

Similar surgical equipment (neuronavigation, ultrasonic aspirator, microscope, and microinstrument) were
used in the operating room for both groups, except for the intraoperative electrostimulation equipment.
General anesthesia was employed in all surgeries.
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The intraoperative electrostimulation protocol was implemented using the approach of Berger and
Ojemann [22]. The objective of using ISM in surgery was maximization of the amount of resection and
minimization of neurological de�cit due to surgical damage. The ISM protocol depended on how the
tumor related to the subcortical white matter and functional cortex. Prior to resection, tumor location and
boundaries were de�ned using a neuronavigation system in all cases. All operations were performed after
fentanyl and propofol administration for total intravenous anesthesia. Muscle relaxants were
administered only for intubation. The EBN IOM system (EB Neuro S.p.A, Florence, Italy) was employed to
process the acquired data.

After dura opening, somatosensory evoked potential phase reversal was used to identify the central
sulcus. The electrocorticogram was monitored using multichannel recording. Before tumor resection,
mapping was implemented as direct cortical stimulation �rst with the largest current (5–20 mA) that
elicited the target muscle without producing subsequent discharge. A bipolar electrode with 5-mm-spaced
tips delivered short-train (4-7 pulses) current with anodal and rectangular pulses at a frequency of 50 Hz,
interstimulus interval of 4 ms, and pulse duration of 0.5 ms. During tumor resection, subcortical
stimulation was applied in a back and forth fashion for location of the descending motor pathways. The
following subcortical stimulation protocol was employed: a train of four pulses of monopolar, cathodal,
rectangular pulses at 50-Hz frequency and 0.5-ms duration. The current intensities applied were 5 to 10
mA. Following the surgery, the lowest current intensity that induced a motor evoked potential response
was determined.

Postoperative evaluation and follow-up

Before the surgery, neurological examinations (such as targeted muscle power level) and KPS score were
reviewed. Neurological examination was performed on immediate postoperative day 1; another detailed
examination was performed and the KPS score was recalculated after postoperative month 3. On
immediate postoperative day 1, patients with stable or improving muscle power were placed in the
favorable postoperative motor function group. Those whose muscle power was worsening were placed in
the poorer postoperative motor function group. Permanent major neurological de�cit was identi�ed at the
end of postoperative month 3.

The �rst postoperative MRI scan was performed within 1 week after surgery. MRI scans were
subsequently obtained every 3 months.Recurrence was de�ned according to RANO criteria. Recurrence
was classi�ed as local if located in or contiguous with the resection cavity, or <3 cm from the primary
tumor margins and distant when the recurrence lesion border was >3 cm from a previous cavity [23].
Additional MRIs were requested in case of clinical suspicion. Patients in undistinguished
progression/pseudoprogression status were continued to be followed and con�rmed progressions were
retrospectively registered with their initial date of suspicion as the date of progression.The patients were
followed up from the time of the primary surgery for at least 72 months before December 2018.

Statistical analysis
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We performed four separate statistical analyses. The demographic data of the non-ISM group was
compared with that of the ISM group. Fischer’s exact test or the χ2 test was employed to compare
categorical variables. The independent t and Mann–Whitney U tests for parametric and nonparametric
data were used to compare continuous variables. The statistical tests were all two-tailed. The ISM and
non-ISM groups were assessed using Kaplan–Meier plots, and the log-rank test was used to compare the
groups’ progression-free and overall survival.

Results
Patients, imaging, and presurgical neurological status

A total 70 patients were enrolled in the present study. From January 2008 to December 2015, 11 surgeons
participated in conventional resection without ISM in 57 patients. We began intraoperative
electrostimulation mapping and monitoring for brain tumor surgery since January 2014. Between
January 2014 and December 2015, 13 patients underwent resection surgery with ISM, with the
procedures performed by three surgeons (who were also among the aforementioned 11 surgeons). Table
1 presents the clinical characteristics, image �ndings and presurgical functional status. No differences
existed between the ISM and non-ISM groups in sex, age, tumor volume, preoperative neurological status,
or Ki-67 index.

Extent of resection and surgical sequela

Table 2 presents surgical �ndings and postsurgical outcomes. GTR or NTR (>90% resection quality) was
achieved in signi�cantly more patients of the ISM group (76.9% vs 24.6%; p = 0.001). Resection extent
was also signi�cantly greater in the ISM group (90.5% ± 15.6% vs 64.6% ± 29.2%; p = 0.002).

Immediate postoperative additional neurological de�cit was half as common in the ISM group (15.4% vs
28.1%). In the ISM group, permanent major neurological de�cit was also less common than that in the
non-ISM group (7.7% vs 21.1%). The neurological outcome in the ISM group was thus superior, but the
two differences were not signi�cant.

Survival analysis

In the survival analysis comparing the ISM and non-ISM groups, the median progression-free survival
time was signi�cantly longer in the ISM group (22.0 ± 5.1 months vs 8.0 ± 1.0 months; p = 0.037). Also,
the median overall survival time was longer in the ISM group (22.0 ± 8.4 months vs 16.0 ± 2.2 months; p
= 0.167), but this difference was nonsigni�cant. The progression-free and overall survival Kaplan–Meier
curves are displayed in Fig. 1a and b, respectively.

In the GTR + NTR versus SR + PR survival analysis comparison, the median progression-free survival time
was signi�cantly longer in the ≥90% resection group (16.0 ± 5.3 months vs 8.0 ± 1.4 months; p = 0.018).
The median overall survival time was also signi�cantly longer in the ≥90% resection group (37.0 ± 9.2
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months vs 14.0 ± 2.8 months; p < 0.001). The progression-free and overall survival Kaplan–Meier curves
are presented in Fig. 2a and b.

Discussion
Comparative study in a single institution

The standard treatment for patients with newly diagnosed glioblastoma (WHO grade IV) is maximal
surgical resection combined with radiotherapy plus adjuvant and concomitant temozolomide or
carmustine wafers (Gliadel) [4]. Increasing evidence indicates an independent correlation between overall
survival and the extent of glioblastoma resection [5, 16, 24-32]. Extensive resection in patients with
glioblastoma is generally believed to confer a slight survival advantage.

However, complete resection of glioblastoma is impossible because it is invasive and in�ltrative [1]. The
resection of glioblastoma located adjacent to or within the eloquent cortex or a subcortical pathway
structure remains di�cult for surgeons [15]. In modern glioblastoma surgery, maximizing the resection
extent and minimizing the risk of surgical sequelae are the objectives [16]. Surgery safety and resection
extents have been increased by advances such as neuronavigation, fMRI [33, 34], intraoperative MRI [35],
�uorescence-guided surgery [24], laser interstitial thermal therapy [36], and intraoperative
electrostimulation mapping [37].

The recent literature reveals that the use of ISM during tumor surgery in eloquent areas has a positive
effect; however, controversy remains. No randomized trials have yet been conducted on the usefulness of
ISM. Because of the multiple advanced tools employed in tumor resection, assessment of ISM’s exact
role is di�cult. Additionally, different institutions usually employ differing surgical strategies and
equipment. Furthermore, achieving homogeneity in tumor histology and location is di�cult in a study.
Only two comparative studies have been reported in the literature regarding operation without and with
ISM for brain tumor in a single institution [19, 20]. Reithmeier et al. [19] included patients with low-grade
to high-grade gliomas and even metastasis and meningioma. Duffau et al. [20] published a series of
landmark articles but focused on supratentorial low-grade glioma and the multiple locations of these
tumors.

To minimize the aforementioned bias, our study is the �rst comparative study conducted in a single
institution that compares the possible contribution of ISM to glioblastoma resection surgery and with a
focus on tumors adjacent to or within the descending motor pathways. Our sample was uniform and
consecutive in an attempt to determine the effect of ISM on resection quality, functional outcome, and
survival.

Contribution of ISM to resection quality and survival analysis

Our study revealed that >90% resection quality was achieved in signi�cantly more cases and the resection
extent was signi�cantly greater in the ISM group than the non-ISM group. Gerritsen et al. [38] published a
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meta-analysis investigating the effect of ISM in patients with high-grade glioma. GTR was signi�cantly
more prevalent in the ISM group than the non-ISM group (79.1% vs 47.7%; p < 0.001). However, the
comparison performed in this meta-analysis was subject to considerable publication bias, selection bias,
and poor uniformity of tumor information [18]. Thus, in the absence of level I data, the present study must
be considered a pilot study obtaining proof that use of ISM has a signi�cant impact on resection quality.

Several studies conducted in the last 20 years have furthered our understanding of the importance of
resection extent for low-grade and high-grade glioma [16, 24-32]. Brown et al. [32] performed the largest
quantitative meta-analysis and discovered that compared with SR, GTR had a strong positive effect on
overall and progression-free survival. Stummer et al. [24] performed the prospective, randomized trials for
use of 5-ALA that have shown survival advantage of gross total resection. This was also shown in our
study; the group with ≥90% resection (GTR + NTR) had longer overall and progression-free survival than
those with <90% resection. However, in the survival analysis comparing the ISM and non-ISM groups, the
median progression-free survival time was signi�cantly longer in the ISM group (22.0 ± 5.1 months vs 8.0
± 1.0 months; p = 0.037), and a signi�cant difference was not indicated in median overall survival time
(22.0 ± 8.4 months vs 16.0 ± 2.2 months; p = 0.167). There are two possible reasons: the resection quality
was favorable in some cases in the non-ISM group, or an extent of resection threshold—the lowest
amount of resection that confers a survival bene�t in glioblastoma surgery—was not met in the ISM
group. This resection threshold has been reported as between 70% and 98% [5, 39-42]. Therefore,
resection with use of ISM must be su�ciently large to confer a survival bene�t in glioblastoma surgery.

Contribution of ISM to functional outcome and survival analysis

In our study, a postoperative immediate additional neurological de�cit was almost half as common in the
ISM group compared with the non-ISM group (15.4% vs 28.1%). A permanent major neurological de�cit
was also less common in the ISM group (7.7% vs 21.1%). The neurological outcome in the ISM group
was thus superior, but the difference in both postoperative immediate additional neurological de�cit and
permanent major neurological de�cit were nonsigni�cant. De Witt et al. [18] conducted a landmark
systematic meta-analysis on the safety of resective glioma surgery. They reported that both early
neurologic de�cits (14.2% vs 47.9%) and late neurologic de�cits (6.4% vs 9.4%) were less common in the
ISM group.

Intraoperative electrostimulation can create a safe distance to critical functional structures by adjusting
the stimulation current or striking the resection cavity wall with the stimulator to prevent direct extensive
parenchymal damage. However, this is not always su�cient to avoid vascular damage in particular,
which causes irreversible ischemia and delayed hypoperfusion. Permanent neurological de�cits have
usually been related to inadvertent surgical ischemia, which is detectable using postoperative diffusion-
weighted MRI [43, 44].

Limitations of our study
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Our study was limited in that it had a retrospective design and variability may have been caused by the
bias of the attending surgeons. Additionally, the sample was small, and this was a single-center study.
Another crucial bias, especially for overall survival, was the lack of molecular pathological data.
Treatment of glioblastoma through surgery alone is di�cult. Tumor recurrence occurs in the majority of
patients because of the low extent of resection but also the molecular subtype of glioblastoma. This is
why greater resection extent resulted in longer median progression-free survival but not longer overall
survival.

Conclusion
This is the �rst uniform and comparative analysis investigating the contribution of ISM in a single
institution for treating glioblastoma in motor-eloquent area. Our results revealed that the use of ISM led to
higher quality of resection and delayed recurrence. Although the effect on postoperative functional
outcome and overall survival was nonsigni�cant. ISM may be useful as a tool in glioblastoma surgery
but controversial to be a necessity for its contribution.
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Tables
Table 1 Comparisons of clinical features, image �ndings and presurgical functional status between
patients with GBM adjacent to motor-eloquent area following non-ISM and ISM method

Sex (Male/female) 35/22 8/5 1.000

Mean age at onset 57.32 ± 14.51. 59.69 ± 12.79 0.563

Media MP on presentation 4(0-5) 4(2-5) 0.923

Mean KPS on presentation 69.12±9.69 73.08±11.09 0.252

Neuroimaging �ndings at presentation      

Left/Right hemisphere 18/39 5/8 0.746

Mean Volume of brain tumor (mm3) 52856.49 ± 34274.70 37165.80 ± 18970.57 0.116

 

Table 2. Comparisons of surgical �ndings and postsurgical outcomes between patients with GBM
adjacent to motor-eloquent area following non-ISM and ISM method

Surgical �ndings      

  GTR or NTR/Subtotal 14/43 10/3 0.001

  Extent of Resection (%) 64.55 ± 29.17 90.51 ± 15.58 0.002

  Mean Volume of residual tumor (mm3) 18699.33 ±
20939.45

3957.52 ±
4594.99

0.014

  Estimated Blood Loss 391.58 ± 287.18 263.85 ± 309.69 0.192

Functional Outcome      

  Stationary or Improving/ Worse (Post-op day
1)

41/16 11/2 0.491

  Major Neurological De�cit (Post-op 3
months)

12 1 0.437

Pathology      

Ki-67(%) 31.09 ± 17.75 38.69 ± 21.84 0.259

Figures
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Figure 1

Kaplan–Meier survival curve of a progression-free survival and b overall survival in ISM and non-ISM
groups (ISM intraoperative stimulation mapping, PFS progression-free survival, OS overall survival)

Figure 2

Kaplan–Meier survival curves of a progression-free survival and b overall survival in the groups with
≥90% resection and <90% resection


