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[Abstract] Objective To investigate the feasibility, efficacy and safety of awake craniotomy with
brain functional mapping for the interoperative resection of recurrent gliomas in eloquent areas. Methods
A total of 36 patients who underwent awake craniotomy for recurrent gliomas at General Hospital of
Southern Theatre Command from January 2020 to December 2023 were enrolled, with 38 newly diagnosed
glioma patients treated via awake craniotomy as control. Cortical and/or subcortical functional areas were
mapped using direct electrical stimulation (DES) during the awake phase, and maximal tumor resection was
achieved while preserving neurological function. Results Among 36 recurrent glioma patients, 27 cases
(75%) exhibited positive responses to intraoperative cortical or subcortical DES. Postoperative MRI within
48 h revealed the lesion total resection in 26 cases (72.22%), subtotal resection in 6 cases (16.67%), and
partial resection in 4 cases (11.11%). Early postoperative (7-10 d) neurological dysfunction (new or
worsened) occurred in 25 cases (69.44%), including mild 14 cases (38.89%), moderate 2 cases (5.56%), and
severe 9 cases (25%). Late postoperative (3 months) neurological dysfunction was observed in 6 cases
(16.67%), with mild, moderate and severe each accounting for 2 cases (5.56%). Compared to newly

diagnosed gliomas, recurrent gliomas treated with awake craniotomy had a lower rate of achieving functional
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boundary-based maximal resection (x’=9.187, P =0.002). However, no significant differences were found in
intraoperative cortical or subcortical DES rates (x° = 1.690, P = 0.194), total/subtotal tumor resection rates
(Fisher's exact probability: P = 1.000), early postoperative neurological dysfunction (x* = 0.009, P = 0.924),
late postoperative neurological dysfunction (x> =0.599, P = 0.439), or postoperative seizure control (Fisher’s
exact probability: P = 1.000). Conclusions Awake craniotomy for recurrent gliomas in eloquent brain

areas is feasible, effective and safe. It enhances the tumor resection extent and prolongs survival, serving as

a critical approach for managing recurrent gliomas in eloquent areas.
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Table 1. Comparison of surgical data between recurrent glioma

group and newly diagnosed glioma group [case (%)]
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Figure 1 First awake craniotomy for newly diagnosed glioma on October 27, 2017. Head MRI findings before and after surgery and

intraoperative findings  Preoperative axial T /WI showed a round-like, solid, slightly hypointensity in the right frontal lobe (Panel 1a).

Preoperative axial T, - FLAIR showed mixed hyper- and iso - intensity with heterogeneous intensity within the lesion (Panel 1b).
Preoperative axial enhanced T ,WI showed no significant enhancement of the lesion (Panel 1c¢). Preoperative sagittal enhanced T, WI
showed no obvious compression of adjacent white matter fiber bundle (Panel 1d). Preoperative coronal enhanced T WI showed a close
relationship between the lesion and the neighboring white matter fiber bundle (Panel le). Intraoperative cortical electrical stimulation
mapping motor areas (Tag 1: thumb and index finger motor area; Tag 2: wrist motor area) and sensory areas (Tag 5: thumb finger sensory
area; Tag 6: index finger sensory area) before tumor resection (Panel 1f). Intraoperative subcortical electrical stimulation mapping motor

conduction fibers after tumor resection along functional boundaries (Tag S: foot motor area; Panel 1g). Postoperative axial T,-FLAIR

showed subtotal resection of the lesion (Panel 1h).
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Figure 2 Second awake craniotomy for recurrent glioma on June 19, 2020. Head MRI findings before and after surgery and
intraoperative findings Preoperative axial T,WI showed a fluid-filled postoperative residual cavity in the right frontal lobe and a nodular
solid lesion with slight hypointensity at the lateral and posteroinferior walls of the cavity (Panel 2a). Preoperative axial T,-FLAIR

ISP o FAREIE K HE MRUFAR P I 20 ARBTEE T T, WIS , A 3
2 RIEARAE S 2b  ARETRHT A T,-FLATR AR SR S5 P 72 &
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showed uniformly hyperintensity in the solid lesion (Panel 2b). Preoperative axial enhanced T,WI showed no significant enhancement of
the solid lesion (Panel 2c¢). Preoperative sagittal enhanced T /WI showed no significant compression of deep white matter (Panel 2d).
Preoperative coronal enhanced T WI showed the close relationship between the lesion and pyramidal tract (Panel 2e). Intraoperative
cortical electrical stimulation mapping motor areas (Tag 1: little and ring finger motor area) and sensory areas (Tag 2: ring finger sensory
area) before tumor resection (Tag A: pre-tumor boundary localized by ultrasound; Tag B: the lateral tumor boundary; Tag C: post-tumor
boundary; Panel 2f). Intraoperative subcortical electrical stimulation mapping motor conduction fibers after tumor resection along
functional boundaries (Tag 3: fingers motor area; Tag 4: foot motor area; Panel 2g). Postoperative axial T,-FLAIR showed total resection

of the lesion (Panel 2h).
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fii - g BT brain-tumor interface(BTI)
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European League Against Rheumatism( EULAR)
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European Society for Medical Oncology(ESMO)
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chimeric antigen receptor T cell(CAR-T)

CC#L N TBIAAS5  chemokine (C-C motif) ligand 5(CCL5)

CXC LI TR A 9
chemokine (C-X-C motif) ligand 9(CXCL9)

CXC LA F 321k 3
C-X-C chemokine receptors 3(CXCR3)
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2Bk gross total resection(GTR)
EMEEFEYI R whole slide image(WSI)
AN T AT whole exome sequencing( WES)
NTHGE artificial intelligence(AT)
ARG EE human immunodeficiency virus(HIV)
WIRIRTE  oncolytic virus(OV)
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sporadic late-onset nemaline myopathy(SLONM )
REEFEZ M4 residual network(ResNet)
WEE:>]  deep learning(DL)
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mammalian uncoordinated-18(Muncl8)
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MY field of view(FOV)

stereo-electroencephalography (SEEG )

magnetoencephalography(MEG )
electroencephalography(EEG)

area under the curve(AUC)
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receiver operating characteristic curve(ROC [ £§)

XUJZHIE 75 18 22 52 471 27 ) Y
double-layer feature distillation multiple instance learning
(DLFD-MIL)
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gradient-class activation map(Grad-CAM )
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MR LB thymidine phosphorylase(TYMP)
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BAIBLSE  virtual reality(VR)
95% —FMEFPR  95% limits of agreement(95%1LoA)
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BAELEY] overall survival(0S)
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least absolute shrinkage and selection operator( LASSO)



