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Abstract

OBJECTIVE
To evaluate the value of the concept of the “Hexahedron” in the supratotal resection (SPTR) of frontal
gliomas in both dominant and nondominant hemispheres .

METHODS
All consecutive patients who underwent SPTR for frontal gliomas under the guidance from the concept of
the “Hexahedron” were retrospectively analysed for lesion location, pathology, extent of resection (EOR),
and complications from May 2020 to June 2021. Volumetric EOR was measured and classi�ed as SPTR,
(in which the volume of the postoperative cavity was larger than the preoperative tumour volume), gross
total resection (GTR, > 95% by volume) or subtotal resection (STR, ≤ 95% by volume) after independent
radiological review.

RESULTS
Six men and two women (mean age: 47.13 years; range: 26–69 years) were included. All eight patients
underwent frontal craniotomy combined frontotemporal craniotomy for resection of frontal gliomas.
Neuropathological examination con�rmed a diagnosis of glioblastoma WHO Grade IV in 4 patients,
anaplastic oligodendroglioma WHO Grade III in 1, anaplastic astrocytoma WHO Grade III in 2 and diffuse
astrocytoma WHO Grade II in 1. SPTR was achieved in six patients and STR was achieved in two. The
main postoperative complications were contralateral paresis in 2 patients and memory disturbances in 1
patient. There were no cases of rebleeding or secondary operation during hospitalization.

CONCLUSIONS
In the presented eight cases the concept of the “Hexahedron” allowed for safe surgical supratotal
resection of frontal gliomas.

Introduction
The management of gliomas has been extensively studied, and consistently, surgery is said to play a
central role in their treatment. The consistency of available data supports the long-held principle that
safe, maximal tumour resection including high-grade (HGG) and low-grade glioma (LGG) improves
symptom management, quality of life, progression-free survival (PFS), and overall survival (OS) in glioma
patients[1].
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For maximally resecting frontal gliomas, we proposed the concept of the “Hexahedron” based on their
growth range and the functional characteristics of the frontal lobe. The six sides and different boundaries
of the frontal resection area were de�ned following guidance from the “Hexahedron” concept.

Material And Methods
This retrospective study included all consecutive patients who underwent the resection of the frontal
gliomas under guidance from the concept of the “Hexahedron” at Chongqing Sanbo Jiangling Hospital
and Yunnan Cancer Hospital, China between May 2020 and June 2021. There were no age exclusion
criteria. A total of eight patients were enrolled in this study, including six males and two females, with an
average age of 47.13 (26 69) years. Patient medical records, clinical visits, and imaging studies were
reviewed until the last available follow-up. Tumour pathology, postoperative complications, and clinical
outcomes were collected (Table 1).
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Table 1
Clinical and Tumor Characteristics of Adult Patients With Low-Grade and High-Grade Glioma Evaluated

for Extent of Surgical Resection (N = 8)
Characteristic No. of Patients %

Sex

Male 6 75

Female 2 25

Age at diagnosis, years    

< 40 2 25

40–60 4 50

> 60 2 25

Meidan 47.13

Range 26–69

KPS at diagnosis

80 2 25

90 4 50

100 2 25

Meidan 90

Range 80–100

Presentation    

Seizure 2 25

Incidental 2 25

Headache 4 50

Side of tumor    

Left 4 50

Right 4 50

Tumor location    

Frontal lobe 7 87.5

Frontal lobe, basal ganglia and thalamus 1 12.5

Tumor subtypes    
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Characteristic No. of Patients %

Glioblastoma 4 50

Anaplastic astrocytoma 2 25

Anaplastic oligodendroglioma 1 12.5

Diffuse astrocytoma 1 12.5

Postoperative chemotherapy

No 1 12.5

Yes 7 87.5

Extend of tumor resection(%)    

70–89 (STR) 2 25

> 100 (SPTR) 6 75

Abbreviations: KPS, Karnofsky performance score; STR, subtotal resection; SPTR, supratotal
resection.

Resection rates were considered as follows: supra-total removal (SPTR), in which the margin for tumour
resection is extended beyond the abnormal area detected by magnetic resonance imaging (MRI); gross
total removal (GTR), where no residual tumour is visible on immediate postoperative MRI; and subtotal
removal (STR), where < 90% of the lesion is resected. This retrospective study was approved by the
Academic Committee of Chongqing Sanbo Jiangling Hospital.

Surgical Technique
With the patient in the supine position, a coronary incision was performed, and the �ap was reversed
forward. The frontal and temporal bone windows were exposed, 2 holes were drilled in the frontal bone,
and a bone �ap measuring approximately 10x7cm2 was removed with a bone knife. The lower boundary
of the bone �ap was near the superior part of the frontal sinus, which was not left open. The superior
boundary of the bone �ap was close to the coronal suture, the medial boundary was attached to the
midline, and the lateral boundary was attached to the squamous suture.

The dura was opened and turned to the midline and anterior skull base to expose the frontal lobe and
lateral �ssure. The differences between normal brain tissue and tumour tissue were identi�ed carefully
under a microscope. Some tumours could be identi�ed by their appearance: LGGs were greyish white,
while HGGs were greyish red. Some tumours were not easy to distinguish visually from normal brain
tissue and thus had to be identi�ed by differences in texture and blood supply and preoperative
anatomical localization.
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Tumors with clear boundaries were removed along the tumour boundary. First, the medial side of the
tumour was removed as most of the blood supply of frontal gliomas are derived from the pericallosal
artery and the callosomarginal artery; removing the medial side of the tumour was thus equivalent to
disconnecting its main blood supply. Then, the boundary between the tumour and brain tissue was
gradually pushed apart with cotton strips or gelatine sponge, allowing removal of the entire tumour. If the
tumour partially crossed the midline, however, it was di�cult to remove the tumour in one piece on the
opposite side of the midline, and it thus had to be resected in blocks. In these cases, the branches of the
pericallosal artery and the callosomarginal artery needed to be carefully identi�ed to protect large
branches (Fig. 1) (Fig. 2). Some tumours invaded the basal ganglia and the thalamus, and were thus also
di�cult to remove.

After the tumour was resected, extended resection of the surrounding frontal lobe tissue was performed.
The whole resection range could be de�ned as an irregular hexahedron (Fig. 3) surrounded by 6 surfaces
and 8 points. The anterior surface (frontal sinus surface) is surrounded by the nasal frontal suture, the
lateral orbital point, the medial point above the frontal sinus and the root of the sphenoid ridge. The
inferior surface (sphenoid plateau surface) is surrounded by the nasal frontal suture, the lateral end of the
orbit, the root of the lateral �ssure and the cranial entry point of the optic nerve. The posterior surface
(hypothalamus and ventricular surface) is surrounded by the cranial entry point of the optic nerve, the
root of the lateral �ssure, the intersection point of the coronal suture and the midline, and the intersection
point of the coronal suture and the inferior frontal sulcus. The superior surface (frontal surface) is
surrounded by the medial point above the frontal sinus, the root of the sphenoid ridge, the intersection
point of the coronal suture and the midline, and the intersection point of the coronal suture and the
posterior part of the inferior frontal gyrus. The medial surface (midline surface) is surrounded by the
nasal frontal suture, the entry cranial point of the optic nerve, the medial point above the frontal sinus,
and the intersection point of the coronal suture and the midline. The lateral surface (lateral �ssure
surface) is surrounded by the lateral end of the orbit, the root of the sphenoid ridge, the intersection point
of the coronal suture and the inferior frontal sulcus, and the root of the lateral �ssure.

For gliomas with unclear boundaries and in�ltration to the lateral ventricle, basal ganglia, thalamus and
the opposite side of the midline, complete removal while maintain the integrity of important functions
was impossible; this also applied to tumours that had partially in�ltrated the basal ganglia and the
thalamus. In these cases, our overall surgical strategy was to remove most of the tumour tissue and the
resectable portion of the frontal lobe within a safe range according to the concept of the “Hexahedron”.
During the operation, the actual surgical strategy was to remove part of the tumour tissue in blocks that
were not along its boundary. Then, under guidance from the concept of the Hexahedron, the tissue of the
frontal lobes were removed to the greatest extent possible in a safe range along the six surfaces.

Results
The pathological anatomical diagnosis was glioblastoma WHO Grade IV in 4 patients, anaplastic
oligodendroglioma WHO Grade III in 1, anaplastic astrocytoma WHO Grade III in 2 and diffuse
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astrocytoma WHO Grade II in 1.

For postoperative imaging, high-grade gliomas were mainly analysed with enhanced MRI, and low-grade
gliomas were analysed with T2 �uid-attenuated inversion recovery (FLAIR) sequences. Achievement of
SPTR was de�ned as tumour resection extending beyond the abnormal MRI- veri�ed area, which
indicated that the volume of the postoperative cavity was larger than the preoperative tumour volume. Six
patients received SPTR and two patients received STR (due to invasion of the basal ganglia and
thalamus). In the two patients who underwent STR, except for the part invading the basal ganglia and the
thalamus, the other interfaces of the tumour were resected according to the concept of the Hexahedron.
The postoperative imaging of the six patients who received SPTR was basically consistent with the range
of the Hexahedron that we determined during the operation.

The main postoperative complications were contralateral paresis in two patients and memory
disturbances in one patient. There were no cases of rebleeding and secondary operation during
hospitalization.

Adjuvant Therapies
In our study, postoperative pathology revealed diffuse astrocytoma WHO Grade II in one patient, which
received STR. The other seven patients had WHO Grade III and Grade IV tumors. These seven patients
underwent adjuvant radiotherapy and chemotherapy after the operation, whlie the eighth patient
underwent adjuvant radiotherapy alone. The patient who achieved STR received radiotherapy,
chemotherapy and tumour treating �elds (TTF) therapy.

Long-term Follow-up
One patient (WHO Grade IV) died 4 months after the operation. Two tumours (1 glioblastoma and 1
anaplastic astrocytoma) recurred 8 months after the operation. The mean clinical follow-up of the
surviving patients was 7.86 months (range: 2–15 months), and no patient was lost to follow-up. The
median overall survival of the eight patients was 7.38 months (range: 4–15 months).

Discussion
Gliomas are a major cause of morbidity and mortality in China. Low and high-grade gliomas [World
Health Organization (WHO) grades II-IV] have proven di�cult to treat due to their propensity to in�ltrate
deep into surrounding parenchyma; however, an increasing body of evidence suggests that extent of
resection affects overall survival, progression-free survival, time to malignant transformation and seizure
control.

Surgical resection is now considered for asymptomatic, incidentally found low-grade gliomas. A few
studies favour increasing the extent of resection to improve overall and progression-free survival in cases
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of low-grade glioma[2–10]. These studies showed a mean survival bene�t from 61.1 to 90 months with
maximal resection. A large population-based natural history study of Norwegian patients offered
additional insight in their analysis of 153 glioma patients treated in two hospitals serving adjacent
geographical regions[4, 11], where the approach to the care of gliomas in individualized patients was
dependent on residential address. The median survival in this study was 5.9 years for patients receiving
tumour biopsy, while the group receiving early resection did not reach median survival by the end of the
study period, suggesting a survival bene�t for those treated with early surgery. Furthermore, the 5-year
survival was 60% for biopsy patients and 74% for those receiving early surgery. GTR impacts the natural
history of low grade glioma. The time to malignant transformation for low-grade gliomas ranges from 4
to 29 months, and approximately 45% of patients with diffuse low-grade WHO grade II glioma will
experience transformation to anaplastic (WHO grade III) glioma within 5 years[5, 12, 13]. Smith et al.
analysed 216 patients with hemispheric low-grade gliomas, and identi�ed a median time to progression
of 5.5 years and median time to malignant transformation of 10.1 years for patients undergoing a greater
than 90% extent of resection. Moreover, individuals with an extent of resection at least 90% have 5-year
survival rates of 97%, while patients with less than 90% extent of resection have 5-year survival rates of
76%[5].

We reviewed the signi�cance of the extent of resection in improving overall and progression-free survival
for patients with primary and recurrent high-grade gliomas found in a few reports[1, 14–19]. The
preponderance of evidence supports using the extent of resection as a signi�cant predictor of overall and
progression-free survival in high-grade glioma. After GTR, overall survival improves to 64.9–75.2 months
for WHO grade III gliomas and to 11.3–18.5 months for WHO grade IV gliomas[20, 21]. Although limited
by selection bias, a retrospective analysis of 107 patients with recurrent glioblastoma revealed that
patients who initially received subtotal resection experienced a survival bene�t when GTR was achieved
at recurrence (19 months overall survival for GTR vs. 15.9 months overall survival for STR)[22]. It has
been further suggested that an extent of resection threshold of at least 80% is the minimum needed to
offer a survival bene�t in recurrent glioblastoma[23].

GTR or SPTR can be di�cult to achieve in many cases due to glioma in�ltration into cortical and
subcortical regions important for language, motor, and neurocognitive function. However, neurosurgeons
should strive to improve the surgical technology and achieve GTR or SPTR of glioma. A �rm
understanding of neuroanatomy is critical to performing a safe operation for glioma resection.

Our research focused on the frontal lobe which are the most common site of gliomas. GTR can be
performed for frontal gliomas with clear boundaries, while for gliomas growing in the direction of the
paraventricular nucleus, basal ganglia or thalamus, complete removal of the parts in�ltrating into the
deep structures can be di�cult. Existing relevant studies have re�ected the idea of extended glioma
resection [1, 3, 5, 16, 18, 24], which can reduce the recurrence rate of gliomas and prolong the survival
time of the patients. Due to the relatively wide space in the frontal lobe, it is possible to expand the
resection of frontal gliomas. Based on the above ideas, removing the frontal tumour and frontal lobe
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tissue as much as possible within the safe range without damaging the important functions of
movement and language can be challenging.

According to our previous surgical experience, we de�ned the maximum range of safe resection for
frontal gliomas from an anatomical perspective: the anterior skull base as the anterior boundary, the
midline as the medial boundary, the inferior frontal sulcus as the lateral boundary, and the coronal suture
as the posterior boundary; resection according to these safe boundaries cannot cause damage to
important functions. Based on this idea, we propose the concept of the Hexahedron for maximum safe
resection of frontal gliomas. The Hexahedron is an irregular hexahedron surrounded by 6 surfaces and 8
points. The anterior surface (frontal sinus surface) is surrounded by the nasal frontal suture, the lateral
orbital point, the medial point above the frontal sinus and the root of the sphenoid ridge. The front range
is the smallest surface, and includes the front end of the straight gyrus and the orbital gyrus. The location
of the frontal surface is deep and does not need to be completely exposed during craniotomy. This part
can be removed by adjusting the angle of the microscope during operation. The inferior surface
(sphenoid plateau surface) is surrounded by the nasal frontal suture, the lateral end of orbit, the root of
the lateral �ssure and the cranial entry point of the optic nerve. The inferior surface mainly includes the
olfactory nerve, olfactory tract, optic nerve and optic tract which are adjacent to the hypothalamus and
basal ganglia. This part can be observed under direct vision during the operation. The posterior surface
(hypothalamus and ventricular surface) is surrounded by the cranial entry point of the optic nerve, the
root of the lateral �ssure, the intersection point of the coronal suture and the midline, and the intersection
point of the coronal suture and the posterior part of the inferior frontal sulcus. The posterior surface is the
main interface of the tumour and includes the hypothalamus and lateral ventricle interface. The superior
surface (frontal surface) is surrounded by the medial point above the frontal sinus, the root of the
sphenoid ridge, the intersection point of the coronal suture and the midline, and the intersection point of
the coronal suture and the posterior part of the inferior frontal sulcus. The superior surface is the largest
surface and includes the main part of the super�cial part of the tumour. The medial surface (midline
surface) is surrounded by the nasal frontal suture, the cranial entry point of the optic nerve, the medial
point above the frontal sinus, and the intersection point of the coronal suture and the midline. When
dealing with the midline interface, we mainly focus on protecting the pericallosal artery and the
callosomarginal artery. The lateral surface (lateral �ssure surface) is surrounded by the lateral end of the
orbit, the root of the sphenoid ridge, the intersection of the lateral side of the coronal suture and the
posterior part of the inferior frontal gyrus, and the root of the lateral �ssure.

On preoperative imaging, some tumours have clear approximate boundaries, which can be completely
moved under the microscope. The resection strategy for this kind of tumour is to remove it along the
tumour boundary �rst, which is helpful for comlete tumour removal and avoiding residual tumour. Then,
the resection is expanded to the six surfaces according to the range of the Hexahedron.

For tumours diffusely in�ltrating the ventricles, basal ganglia, thalamus and contralateral hemisphere, a
part of the tumours is removed �rst, and then most of the remaining tumours and the expandable frontal
lobe are removed together according to the guidance of the Hexahedron.
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Many skills are involved in the process of tumour resection, and the experience in different neurosurgical
centres is different. According to our experience, the operators should �rst focus on removing the straight
gyrus and orbital gyrus piece by piece at the bottom of the frontal lobe under the arachnoid when close to
the inferior surface of the Hexahedron (sphenoid plateau). It is best to leave a thin layer of arachnoid to
observe and avoid damaging the deep optic nerve. When close to the posterior surface of the Hexahedron
(hypothalamus and ventricular surface), the position of the bottom of the hypothalamus and the front of
the hypothalamus can be determined by the direction of the optic nerve. By removing the thin layer of
tissue in front of the frontal horn of the lateral ventricle, the pulsation of the anterior horn of the lateral
ventricle can be observed carefully to judge the range of anterior ventricular resection.

This study mainly de�ned the range of SPTR of the frontal gliomas from an anatomical perspective.
Since the posterior boundary of the Hexahedron was de�ned as the coronal suture and the lateral
boundary as the inferior frontal sulcus, no motor or language disorders were produced in this study.
Because the frontal gliomas of this group were mainly limited to the frontal lobe, intraoperative
techniques such as awake craniotomy, neuronavigation and image-guided surgery were not applied.

Conclusions
In this small series, the concept of the “Hexahedron” was shown to provide a safe, effective, and
maximum extent of excision in the SPTR of the frontal gliomas.

Abbreviations
LGG
Low-grade glioma
HGG
High-grade glioma
GTR
Gross total resection
SPTR
Supratotal resection
STR
Subtotal removal
WHO
World Health Organization
OS
Overall survival
PFS
Progression-free survival.

Declarations



Page 11/15

Acknowledgements

Not applicable. 

Authors’ contributions

HY performed the surgeries and proposed the idea. PC and GB carried out the clinical data collection,
statistical analysis, and manuscript drafting and modi�cation. JP and YL helped in the clinical data
collection and statistical analysis. SC participated in the design of the study and the modi�cation of the
manuscript. FL conceived of the study and participated. All authors read and approved the �nal
manuscript.

Funding

This work was not supported by any research program and projects.

Availability of data and materials

The data used during the current study are available from the corresponding author on reasonable
request. The additional supporting �les of the images of the cases has been submitted. 

Ethics approval and consent to participate

This study was approved by the Chongqing Sanbo Jiangling Hospital Ethics Committee. In the process of
research, we strictly followed the relevant management regulations of medical ethics and carried out
relevant work under the supervision of the Chongqing Sanbo Jiangling Hospital Ethics Committee. The
research conforms to the relevant provisions of the Chongqing Sanbo Jiangling Hospital Ethics
Committee.

Consent for publication

Written informed consent for publication was obtained from all participants.

Competing interests

The authors declare that they have no competing interests.

Authors’ information

1Department of Neurosurgery, Chongqing Sanbo Jiangling Hospital, Chongqing, 400021, China;
2Department of Neurosurgery, Yunnan Cancer Hospital, Kunming, 650118, China; 3Department of
Neurosurgery, Sanbo Brain Hospital, Capital Medical University, Beijing, 100069, China

Pu Cai and Gang Bai contributed equally to this work, and should be considered as co-�rst authors.



Page 12/15

Corresponding author to Haifeng Yang: Haifengyang007@ccmu.edu.cn

References
1.D'Amico RS, Englander ZK, Canoll P, Bruce JN. Extent of Resection in Glioma-A Review of the Cutting
Edge. World Neurosurg. 2017;103:538-49.

2. Lombardi G, Barresi V, Castellano A, Tabouret E, Pasqualetti F, Salvalaggio A, Cerretti G, Caccese M,
Padovan M, Zagonel V, Ius T. Clinical Management of Diffuse Low-Grade Gliomas. Cancers (Basel).
2020;12:3008.

3. Duffau H. Long-term outcomes after supratotal resection of diffuse low-grade gliomas: a consecutive
series with 11-year follow-up. Acta Neurochir (Wien). 2016;158:51-8.

4. Jakola AS, Skjulsvik AJ, Myrmel KS, Sjåvik K, Unsgård G, Torp SH, Aaberg K, Berg T, Dai HY, Johnsen K,
Kloster R, Solheim O. Surgical resection versus watchful waiting in low-grade gliomas. Ann Oncol.
2017;28:1942-48.

5. Smith JS, Chang EF, Lamborn KR, Chang SM, Prados MD, Cha S, Tihan T, Vandenberg S, McDermott
MW, Berger MS. Role of extent of resection in the long- term outcome of low-grade hemispheric gliomas.
J Clin Oncol. 2008;26:1338-45.

6. Motomura K, Chalise L, Ohka F, Aoki K, Tanahashi K, Hirano M, Nishikawa T, Wakabayashi T, Natsume
A. Supratotal Resection of Diffuse Frontal Lower Grade Gliomas with Awake Brain Mapping, Preserving
Motor, Language, and Neurocognitive Functions. World Neurosurg. 2018;119:30-39.

7. Schucht P, Ghareeb F, Duffau H. Surgery for low-grade glioma in�ltrating the central cerebral region:
location as a predictive factor for neurological de�cit, epileptological outcome, and quality of life. J
Neurosurg. 2013;119:318-23.

8. Jakola AS, Unsgård G, Myrmel KS, Kloster R, Torp SH, Losvik OK, Lindal S, Solheim O. Surgical strategy
in grade II astrocytoma: a population-based analysis of survival and morbidity with a strategy of early
resection as compared to watchful waiting. Acta Neurochir (Wien). 2013;155:2227-35.

9. Roelz R, Strohmaier D, Jabbarli R, Kraeutle R, Egger K, Coenen VA, Weyerbrock A, Reinacher PC.
Residual Tumor Volume as Best Outcome Predictor in Low Grade Glioma - A Nine-Years Near-
Randomized Survey of Surgery vs. Biopsy. Sci Rep. 2016;6:32286.

10. Pallud J, Varlet P, Devaux B, Geha S, Badoual M, Deroulers C, Page P, Dezamis E, Daumas-Duport C,
Roux FX. Diffuse low-grade oligodendrogliomas extend beyond MRI-de�ned abnormalities. Neurology.
2010;74:1724-31.

11. Jakola AS, Myrmel KS, Kloster R, Torp SH, Lindal S, Unsgård G, Solheim O. Comparison of a strategy
favoring early surgical resection vs a strategy favoring watchful waiting in low-grade gliomas. JAMA.



Page 13/15

2012;308:1881-8.

12. Snyder LA, Wolf AB, Oppenlander ME, Bina R, Wilson JR, Ashby L, Brachman D, Coons SW, Spetzler RF,
Sanai N. The impact of extent of resection on malignant transformation of pure oligodendrogliomas. J
Neurosurg. 2014;120:309-14.

13. Frazier JL, Johnson MW, Burger PC, Weingart JD, Quinones-Hinojosa A. Rapid malignant
transformation of low-grade astrocytomas: report of 2 cases and review of the literature. World
Neurosurg. 2010;73:53-62; discussion e5.

14. Xiong L, Wang F, Qi Xie X. Advanced treatment in high-grade gliomas. J BUON. 2019;24:424-30.

15. Sanai N, Berger MS. Operative techniques for gliomas and the value of extent of resection.
Neurotherapeutics. 2009;6:478-86.

16. Sanai N, Berger MS. Recent surgical management of gliomas. Adv Exp Med Biol. 2012;746:12-25.

17. Burks JD, Conner AK, Bonney PA, Glenn CA, Smitherman AD, Gha�l CA, Briggs RG, Baker CM, Kirch NI,
Sughrue ME. Frontal Keyhole Craniotomy for Resection of Low- and High-Grade Gliomas. Neurosurgery.
2018;82:388-96.

18. Hervey-Jumper SL, Berger MS. Maximizing safe resection of low- and high-grade glioma. J
Neurooncol. 2016;130:269-82.

19. Ditzel Filho LF, McLaughlin N, Bresson D, Solari D, Kassam AB, Kelly DF. Supraorbital eyebrow
craniotomy for removal of intraaxial frontal brain tumors: a technical note. World Neurosurg.
2014;81:348-56.

20. Oppenlander ME, Wolf AB, Snyder LA, Bina R, Wilson JR, Coons SW, Ashby LS, Brachman D, Nakaji P,
Porter RW, Smith KA, Spetzler RF, Sanai N. An extent of resection threshold for recurrent glioblastoma and
its risk for neurological morbidity. J Neurosurg. 2014;120:846-53.

21. Sanai N, Polley MY, McDermott MW, Parsa AT, Berger MS. An extent of resection threshold for newly
diagnosed glioblastomas. J Neurosurg. 2011;115:3-8.

22. Bloch O, Han SJ, Cha S, Sun MZ, Aghi MK, McDermott MW, Berger MS, Parsa AT. Impact of extent of
resection for recurrent glioblastoma on overall survival: clinical article. J Neurosurg. 2012;117:1032-8.

23. von Lehe M, Schramm J. Gliomas of the cingulate gyrus: surgical management and functional
outcome. Neurosurg Focus. 2009;27:E9.

24. Motomura K, Chalise L, Ohka F, Aoki K, Tanahashi K, Hirano M, Nishikawa T, Wakabayashi T, Natsume
A. Supratotal Resection of Diffuse Frontal Lower Grade Gliomas with Awake Brain Mapping, Preserving
Motor, Language, and Neurocognitive Functions. World Neurosurg. 2018;119:30-39.



Page 14/15

Figures

Figure 1

Cranial CT and MRI reveal a right frontal glioma. Preoperative CT and MRI (a-f); postoperative CT and
MRI (g-l).

Figure 2

a skin incision; b the exposed area of the frontal lobe measures approximately 7x8cm2; c the olfactory
nerve and the anterior skull base are exposed (white arrows); d the midline surface is exposed (white
arrows); e the choroid plexus of the lateral ventricle is exposed (white arrows); f the resected area of the
tumour and the frontal lobe measures approximately 7x8cm2.
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Figure 3

Schematic diagram of the " Hexahedron ". FSS represents the frontal sinus surface; SPS represents the
sphenoid plateau surface; HVS represents the hypothalamus and ventricular surface; FS represents the
frontal surface; MS represents the midline surface; LFS represents the lateral �ssure surface. The
“Hexahedron” is composed by the eight points (the lateral end of the orbit; the nasal frontal suture; the
medial point above the frontal sinus; the root of the sphenoid ridge; the root of the lateral �ssure; the entry
cranial point of the optic nerve; the intersection point of the coronal suture and the midline; the
intersection point of the coronal suture and the inferior frontal sulcus).
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