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This study investigates the effects of occipital lobe tumors on visual processing and the role of
brain-computer interface (BCI) technologies in post-surgical visual rehabilitation. Through a
combination of pre-surgical functional magnetic resonance imaging (fMRI) and Diffusion Tensor
Imaging (DTI), intra-operative direct cortical stimulation (DCS) and Electrocorticography (ECoG),
and post-surgical BCI interventions, we provide insight into the complex dynamics between oc-
cipital lobe tumors and visual function. Our results highlight a discrepancy between clinical as-
sessments of visual field damage and the patient’s reported visual experiences, suggesting a
residual functional capacity within the damaged occipital regions. Additionally, the absence of
expected visual phenomena during surgery and the promising outcomes from BCI-driven reha-
bilitation underscore the complexity of visual processing and the potential of technology-

enhanced rehabilitation strategies. This work emphasizes the need for an interdisciplinary
approach in developing effective treatments for visual impairments related to brain tumors,
illustrating the significant implications for neurosurgical practices and the advancement of
rehabilitation sciences.

1. Introduction

The human visual system represents one of the most complex and finely tuned sensory systems, enabling individuals to interpret
their surroundings through light and color [1]. At the core of this system lies the phototransduction process, occurring within the
retina, where photons of light are converted into electrical signals that the brain can interpret. This initial stage of visual processing
underscores the sophisticated nature of the human eye as not merely a passive receiver of light but an active participant in the
conversion of visual stimuli into neural signals, as discussed by K. Palczewski and P. D. Kiser [2] in their exploration of the cisterns
photoisomerization of the retinylidene chromophore, a crucial process in visual phototransduction in rod and cone photoreceptors.

Following phototransduction, these signals are relayed to the primary visual cortex (V1) in the occipital lobe, marking the
commencement of cortical visual processing [3]. The primary visual cortex plays a pivotal role in decoding simple visual elements such
as orientation, spatial frequency, and color. This region’s activity is fundamental to the initial stages of constructing a coherent visual
representation from disparate visual inputs.
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Beyond the primary visual cortex, visual information undergoes further processing in higher-order cortical areas. These areas,
encompassing regions within the occipital, temporal, and parietal lobes, are involved in more complex aspects of visual processing,
such as motion detection, face recognition, and spatial awareness [4]. The perception of a rich, multidimensional visual world is
facilitated by the integration of information across diverse cortical areas, highlighting the complexity and efficiency of the human
visual processing system, which includes the identification of a third visual pathway specialized for the dynamic aspects of social
perception, as uncovered by Pitcher and Ungerleider, thus challenging the traditional two-pathway model of vision [5].

The significance of visual processing extends beyond mere perception, influencing various aspects of daily life and human inter-
action. However, neurological disorders that impact any stage of this intricate system can profoundly affect an individual’s ability to
navigate and interpret their environment. Conditions such as stroke, traumatic brain injury, or tumors within the visual cortex can
disrupt standard visual processing, leading to challenges in visual perception and, consequently, a diminished quality of life.

Given the critical role of visual processing in cognition and daily functioning, understanding the neural underpinnings of visual
perception and the consequences of neurological disruptions is essential. Recent advances in neuroimaging and neurophysiology have
begun to shed light on these complex processes, offering insights into the mechanisms of visual processing and the potential for
rehabilitation following neurological damage.

Recent literature emphasizes the pivotal role of the occipital lobe in visual processing, identifying it as a hub for the initial stages of
visual information interpretation [6]. Studies have detailed how visual signals after being processed by the retina, are conveyed to the
occipital lobe’s primary visual cortex (V1) [7]. This area is instrumental in deciphering essential visual elements, laying the
groundwork for more complex visual understanding. Subsequent research has explored the neural pathways extending from V1 to
higher-order visual areas across the occipital and parietal lobes, elucidating their roles in integrating visual information to form
coherent perceptions of the environment [8]. The occurrence of tumors within the occipital lobe presents significant implications for
visual function, a topic that has garnered considerable attention in recent studies [9,10]. Brain-Computer Interface (BCI) technology
represents a frontier in neurorehabilitation research, particularly in its application to support or restore visual function. This tech-
nology has shown promise in enabling individuals with visual impairments to interact with their environment in new ways, such as
controlling assistive devices or navigating computer interfaces. Integrating BCI with visual rehabilitation protocols offers a novel
approach to enhancing the quality of life for individuals with occipital lobe tumors, marking a significant advancement in neuro-
rehabilitation [11].

There is a notable gap in comprehensive case studies that delve into the effects of tumor resection on visual processing and the role
of BCI technology in the rehabilitation process. Furthermore, there is a significant lack of detailed exploration into the absence of
expected visual phenomena during direct cortical stimulation in occipital lobe surgeries [12,13].

Recent advancements in BCI technology have opened new avenues for visual rehabilitation in patients with visual cortex damage.
Studies such as those by Brunner et al. and Chaudhary et al. have demonstrated the potential of BCIs to restore or augment visual
functions in individuals with neurological impairments [14,15]. However, these studies often face limitations, including small
participant numbers, short follow-up durations, and challenges in achieving consistent outcomes across diverse patient populations.

Furthermore, many existing protocols focus solely on BCI interventions without integrating them into the broader context of
surgical treatment and neurorehabilitation. This siloed approach may overlook the benefits of a comprehensive strategy that addresses
the patient’s needs throughout the entire treatment continuum.

To address these gaps, our study adopts a multimodal protocol that combines pre-surgical fMRI and DTI, intra-operative Direct
Cortical Stimulation (DCS) and ECoG, and post-surgical BCI interventions. This integrated method allows for a detailed mapping of the
visual processing network, both structurally and functionally, before, during, and after tumor resection. By choosing this protocol over
standalone methods, we aim to enhance the efficacy of visual rehabilitation and provide insights into the brain’s adaptability following
surgical intervention.

To fully understand the intricate effects of occipital lobe tumors on visual processing and to explore effective rehabilitation
strategies, we adopted a multimodal methodological approach. The complexity of the visual system and its neural underpinnings
require comprehensive assessment techniques. Utilizing a combination of fMRI, MRI, DTI, DCS and ECoG interventions allows us to
examine both the structural and functional aspects of the brain.

While BCI technology represents a promising avenue for neurorehabilitation, our study is primarily focused on laying the theo-
retical groundwork necessary for future BCI development in visual rehabilitation. By investigating the neural dynamics and functional
connectivity in patients with occipital lobe tumors, we aim to provide insights that can guide the design and implementation of
effective BCI systems. This research does not involve the deployment of a specific BCI interface but seeks to contribute foundational
knowledge to the field.

This study posits that patients can maintain visual capabilities following extensive occipital lobe resection, potentially due to
adaptive neural pathways compensating for lost primary visual processing functions. It seeks to determine the absence of anticipated
visual phenomena during surgical procedures and assess these outcomes’ relevance to BCI-supported visual recovery efforts. The
research primarily aims to understand the effects of occipital lobe tumor removal on visual processing, ascertain the utility of direct
cortical stimulation for inducing visual experiences, and investigate how BCI technology may advance rehabilitation methods for
visual impairments.

This research underscores the vital intersection of neurosurgery, neuroscience, and rehabilitation, illuminating the intricate
workings of visual processing and the pioneering use of BCI technologies to aid postoperative recovery. It delves into the latest
breakthroughs and technological innovations, spotlighting the evolving application of BCI in understanding and rehabilitating
neurological functions. The study emphasizes the necessity of cross-disciplinary endeavors to propel forward our comprehension of
visual mechanisms and the application of brain-computer interfaces. It aims to forge more effective rehabilitation strategies for
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individuals grappling with visual impairments by bridging neuroscience, neurosurgery, and rehabilitative sciences. Ultimately, this
investigation seeks to enrich the toolkit for patient care, merging cutting-edge research with clinical applications to enhance the
quality of life for those affected by visual system disorders (Fig. 1).

2. Methods
2.1. Participant

Within the broader context of our study, which initially included a cohort of 11 participants, this paper specifically concentrates on
the detailed case analysis of one patient, QXG. While the selection for this focused examination was predicated on the distinct and
illustrative characteristics of QXG’s condition, it is essential to recognize that he represents a critical part of the larger group, providing
valuable insights into the study’s overarching research questions. Due to the inherent challenges in recruiting subjects with occipital
lobe tumors, we utilized a multimodal approach to reduce the number of participants while still obtaining comprehensive data. This
strategy enhances the robustness of our findings by allowing for a detailed analysis despite the limited sample size. Within the broader
context of our study, which initially included a cohort of 11 participants, this paper specifically concentrates on the detailed case
analysis of one patient, QXG. While the selection for this focused examination was predicated on the distinct and illustrative char-
acteristics of QXG’s condition, it is essential to recognize that he represents a critical part of the larger group, providing valuable
insights into the study’s overarching research questions.

The study meticulously focuses on QXG, a 48-year-old male who presented with recurrent left-sided headaches for one year and was
subsequently diagnosed with a left parieto-occipital lobe tumor affecting his visual field. Initial examinations revealed partial visual
field loss in the left eye and significant impairment in the right eye, although visual acuity tests showed no remarkable deficits. Imaging
assessments before tumor resection underscored the proximity of the optic tract to the tumor, necessitating a nuanced surgical
approach. The participant, fully aware of his condition, willingly consented to participate in this research after a comprehensive review
of the informed consent document approved by the local ethics committee. This inclusion was predicated on the absence of contra-
indications to MRI or ECoG surgery and the participant’s capacity to engage actively throughout the surgical and experimental
procedures. It is important to note that this study does not involve the application of a particular BCI device or interface. Our approach
is centered on analyzing neurophysiological data obtained through fMRI and ECoG to uncover patterns and mechanisms that can
inform future BCI development for visual rehabilitation.

Given the multifaceted nature of visual processing and the potential effects of occipital lobe tumors, a multimodal approach was
essential for this study. We combined several neuroimaging and neurophysiological techniques to capture a complete picture of the
patient’s brain function and structure before, during, and after surgery. This approach allows for cross-validation of findings and a
more robust analysis of the data.

The overlap in findings among these methods enhances the reliability of our results. For example, both fMRI and ECoG identify
active brain regions during tasks but differ in temporal and spatial resolution. By comparing results from both, we can confirm the
consistency of neural activation patterns. Similarly, DTI and MRI provide structural insights that complement the functional data from
fMRI and ECoG.
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Fig. 1. Flowchart of the Study Design and Methodology A simplified diagram illustrating the sequential steps of the study, including pre-surgical
assessments (fMRI and DTI), intraoperative procedures (awake craniotomy, DCS, and ECoG), post-surgical interventions (BCI rehabilitation), and
data analysis. This flowchart highlights the integrated approach used to investigate the effects of occipital lobe tumors on visual processing and the
role of BCI technologies in visual rehabilitation.
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2.2. Task-based fMRI

FMRI studies were conducted further to elucidate the tumor’s functional impact on visual processing. The patient engaged in a
series of visual tasks designed to activate distinct areas of the visual cortex, including finger tapping, tongue extension, and needle
threading, to map brain activity patterns associated with visual processing and motor function. These tasks were selected based on
their ability to stimulate both visual and motor areas, thereby providing a comprehensive overview of the brain’s functional landscape
in the context of the tumor’s influence. Thus, The fMRI data offered critical insights into the functional areas at risk during tumor
resection, guiding the surgical strategy to minimize disruption to essential visual processing areas (Fig. 2 A).

2.3. Intra-operative procedures

2.3.1. Awake craniotomy and DCS

The awake craniotomy procedure was meticulously designed to ensure patient comfort and optimal functional area mapping ac-
curacy. This procedure commenced with the patient placed in a precise position to facilitate access to the tumor site while maintaining
their ability to engage in visual and motor tasks. Anesthesia was carefully managed using a target-controlled infusion of propofol and
remifentanil, ensuring the patient remained responsive. Intubation was facilitated by a laryngeal mask airway, which was critical for
maintaining an open airway throughout the surgery.

Local anesthesia was administered at key sensory points along the scalp to minimize discomfort and bleeding. This was achieved
through injections of a mixture containing epinephrine, lidocaine, and ropivacaine, providing both immediate and sustained anes-
thetic effects. Neuronavigation and intraoperative ultrasound played pivotal roles in accurately locating the tumor before and during
resection, ensuring precise targeting while preserving essential brain functions.

DCS was employed using a bipolar electrical nerve stimulator set to specific parameters: a frequency of 60 Hz, pulse duration of 1
ms, and current ranging from 2 to 6 mA. This technique was essential for mapping motor and sensory areas by inducing movements or
sensations in contralateral limbs or faces and identifying language areas through observing speech disturbances without causing
convulsions. Positive stimulation findings guided the surgical team in tumor resection, avoiding critical eloquent brain areas.

Subcortical DES was utilized as an additional safeguard when resecting near subcortical structures prompted by any observed
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Fig. 2. Experimental Paradigm and comparison of binocular vision before and after surgery: Panel A represents the preoperative task-state func-
tional MRI experimental paradigm, while Panel B depicts the intraoperative ECoG experimental setup. Panels C and D provide visual field tests for
the left and right eyes before surgery, respectively. Panels E and F display the postoperative visual fields, demonstrating the visual changes after the
occipital lobe tumor resection.
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functional impairments in the patient. This iterative process between resection and stimulation ensured maximal tumor removal while
conserving vital brain pathways. Throughout the procedure, continuous monitoring and patient engagement in tasks provided real-
time feedback on functional integrity, allowing adjustments to the surgical approach as needed.

2.3.2. ECoG monitoring

In the awake craniotomy procedure, participants engaged in motor tasks to facilitate mapping functional brain areas related to
visual processing and motor function. These tasks encompassed a sequence of actions: tapping with the left index finger (S1), tapping
with the right index finger (S2), making a fist with the left hand (S3), making a fist with the right hand (S4), and licking with the tongue
(S5). To explore the cognitive aspects of motor function, after each real movement task (C1), participants performed a vivid motor
imagery exercise (C2), simulating the same movements without actual physical execution. This dual task setup, real and imagined, was
organized into sets and sessions to probe various motor functions systematically. Specifically, each training session consisted of 5
movements carried out over five cycles, culminating in 5 sets, with each set spanning 77 s. Including actual and imagined tasks, lasting
8 s per task with a dedicated 5 s for execution and imagination, provides critical insights (Fig. 2 B). The entire process was conducted in
a controlled environment, with the patient shielded from external light sources to eliminate potential visual distractions, focusing
solely on the stimuli presented through the experimental tasks.

The use of ECoG in this context underscores its importance in understanding the neurophysiological basis of visual and motor
functions, especially in the presence of brain tumors. By combining natural movement tasks with motor imagery, we aimed to capture a
comprehensive profile of brain activity, offering a novel perspective on the neural dynamics underlying visual processing and motor
control.

2.3.3. Intraoperative DTI tractography for visual pathway localization

During the surgical procedure, we employed intraoperative neuronavigation integrated with DTI tractography to accurately
localize the visual pathways and guide tumor resection. Preoperative DTI data were acquired using a Siemens 1.5 T MRI system with
the following parameters.

Imaging Sequence: Echo-planar imaging (EPI)
Repetition Time (TR): 8000 ms

Echo Time (TE):93 ms

Diffusion Encoding Directions:30

b-value: 1000 s/mm?

Slice Thickness: 2 mm with no gap

Field of View (FOV):256 x 256 mm

Matrix Size: 128 x 128

The DTI data were processed using StealthViz™ software (Medtronic Navigation, Louisville, CO) to reconstruct the optic radiation
tractography. Fiber tracking was performed using the following parameters.

Fractional Anisotropy (FA) Threshold: 0.20
Angle Threshold:45°

Regions of interest (ROIs) were placed in the lateral geniculate nucleus (LGN) and the calcarine cortex to generate the visual
pathway fibers. These reconstructed tracts were then integrated into the intraoperative neuronavigation system.

During surgery, the neuronavigation system provided real-time guidance, allowing us to visualize the relationship between the
tumor and the optic radiation fibers. The surgical approach was meticulously planned to avoid these critical pathways. Continuous
verification was performed throughout the procedure to ensure the integrity of the visual tracts, adjusting the resection trajectory as
needed based on the navigational data.

This integration of DTI tractography into intraoperative navigation enhanced the precision of tumor removal while minimizing the
risk of postoperative visual deficits.

2.4. Data analysis

2.4.1. fMRI data analysis

2.4.1.1. Data collection. A 12-channel coil Siemens 1.5 T superconducting MRI system was used to scan axial T1-weighted images,
single-shot echo-planar imaging (EPI), and 3D structural images were scanned, respectively.

The specific parameters of EPI are: repetition time (TR) = 2000 ms; echo time (TE): 37 ms, flip angle (flip angle) = 90°; number of
slices (slices) = 35 layers; layer thickness (slice thickness) = 4 mm; distance factor (dist. Factor) = 25 %; interval:1 mm; plane res-
olution, matrix (in-plane resolution) = 64 x 64; voxel size (Voxel size) = 3mm x 3mm x 3 mm; Scanning range (field of view, FOV):
240 x 240 mm; horizontal scanning (horizontal scanning); interleaved bottom to up (interleaved bottom to up).

The specific parameters of the 3D structural image are as follows: T1-MPRAGE sequence, sagittal plane scan, TR = 2000 ms; TE = 2
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ms; flip angle = 150°; number of layers = 104 layers, layer thickness 1.5 mm; interval: 0.75 mm; matrix = 300 x 300; FOV: 250 x 250
mm, voxel size = 0.98mm x 0.98mm x 1.90 mm.

2.4.1.2. Data analysis.

(1) Data sorting: First use the Dcm2AsiszImg software to classify the scanned original Dicom data into T1 data, 3D data and EPI (S1,
S2, S3 and S4) data.

(2) Data conversion: Use DPABI software to convert all Dicom data into 3D NIfTI format that can be processed by SPM12 and put
them into two folders, T1limg and Funimg, respectively, to ensure the integrity of time and space files. During the conversion
process, the file names are anonymous to remove the volunteer’s name and date of birth.

(3) FMRI data analysis uses Statistical Parametric Mapping version 12 (SPM 12 http://www.fil.ion.ucl.ac.uk/spm/) for pre-
processing. Due to the magnetic resonance instrumentation, each scan has a built-in time of 2 s. Shimming time, so each run
generates a total of 118 whole-brain images (including 28 whole-brain layer images, 1 vol, a total of 3304 images), so a total of
236 vol per run enter data preprocessing and analysis.

Temporal correction of functional images (slice timing): Reference slice selection scans layer 27 of the middle layer; then head
motion correction (realignment): select estimate and reslice, and select 0.9 for quality in evaluation. Control the translation head
movement within 3 mm and the rotation within 1°; select 4 mm for separation, use 4 mm Full-Width at Half Maximum (FWHM)
Gaussian smoothing kernel for smoothing, and generate head motion parameters and mean images after re-slicing. Then, the
anatomical structure images and functional images were aligned; the aligned images were spatially normalized using the Montreal
Neurology Institute’s three-dimensional spatial template (Montreal Neurology Institute, MNI), with bounding boxes of [—90 -126 -72]
and [90 90 108]; Finally, all normalized images were Gaussian smoothed using a 4 mm FWHM Gaussian smoothing kernel. A statistical
model is then built based on the experimental design, in which multiple regressors select the head motion parameter files for each run
to form a model matrix to view the time series and corresponding spectral density plots. Finally, parameter estimation is performed. A
family-wise error Family-Wise Error (FEW) correction was applied with a threshold of p < 0.05 to account for multiple comparisons
across the whole brain. Significant activation clusters were identified, and we reported the cluster sizes, peak voxel coordinates in MNI
space, Z-scores, and corrected p-values. For example, during the visual task, a significant cluster was found in the occipital lobe with a
peak activation at MNI coordinates (x = —18,y = —96, z = —2), Z = 5.21, p < 0.001, FWE-corrected.

(4) ROI acquisition: Use Marsbar 0.5 combined with preprocessed data to extract the activation area and calculate and define the
activation area based on the core of each activated ROI and the set radius, which is currently 10 mm. In the Combine ROIs
interface of Marsbar 0.5, enter r1|r2 (union) or r1&r2 (intersection). First, take the intersection of all the ROIs of each subject,
that is, all the activation areas, and then compare the ROI of each seed point. Take the union with the total activation area of
each person to see if there is a union. If there is a union and the union’s size, all the activation areas are finally obtained, the
center coordinates are extracted, and all sessions and activated brain areas are based on the center coordinates.

(5) Analysis of ROI data: The data set is converted into a CSV format file. The data set contains the activation point data of each
subject under different tasks and conditions. Each activation point is identified by the name of the brain area, X coordinate, Y
coordinate, Z coordinate, session number (session), and condition number (condition). Mean activation values within pre-
defined ROIs were extracted. Paired t-tests were conducted to compare activation levels between task and rest conditions. The
occipital ROI showed a significant increase during the task compared to rest (t (10) = 7.45, p < 0.001).

2.4.2. ECoG data analysis

We applied Short-Time Fourier Transform (STFT) to obtain time-frequency representations of the ECoG signals for each task
segment. Power spectral densities (PSD) were calculated for the alpha (8-13 Hz) and beta (13-30 Hz) frequency bands relevant to
visual and motor processing. Activation strengths were quantified by integrating the PSD over time for each task segment. Relative
activation intensities were computed using the formulas provided in the Methods section. Mean activation intensities across trials were
calculated, and standard deviations were provided. For instance, electrode 3 showed a mean relative activation intensity of 1.85 +
0.12 during the motor imagery task. A repeated-measures ANOVA revealed significant differences in activation across tasks (F (2,18)
= 9.67, p = 0.001). The ten electrodes with the highest mean activation intensities were identified as significant activation points.
Statistical comparisons between these electrodes and others showed significant differences (p < 0.01, Bonferroni-corrected).

ECOG signals from 24 electrodes were collected for five tasks. First, the collected EDF data is aligned according to the recorded
timestamp tags, and unnecessary parts are cut out. Then, each repeated task signal is segmented into exercise, rest after exercise,
imagination, and imagination according to the timestamp. After four sections of rest, the preprocessing steps for the four sections of
signals are as follows.

(1). De-trend

Adopt the Smoothness Priors Approach (SPA)
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Applying the Regularized Least Squares Solution (RLS), Formula 1 is as follows:

i

; 412 M +1 e
min {1l QAR [+ 51 A7 - A7 o) W

(2). Remove power frequency interference

Considering that there are 50, 100, 150, and 200Hz equipment power frequency interferences in the signal collection, four band
stop filters are designed to filter out the power frequency.

(3). Remove high-frequency myoelectric interference

Design a 1Hz-200Hz bandpass filter and perform a short-time Fourier transform (STFT) on the four signals to obtain the time-
frequency diagram. The specific formula 2 is as follows:

Define L; (R) and Ly (R) as integrable and square-integrable spaces, respectively. Assume that f is a signal defined on the L; (R) space
and the window function g is defined on Ly(R). Then the signal f The short-time Fourier transform is defined as:

VE(E 1) = /Rf(r)g‘(r— t)e 20 dr @

where g Represents the complex conjugate of the window function g.

A short-time Fourier transform was performed on each segmented signal of each task signal for each iteration to obtain a time-
frequency plot.

Considering that the alpha (8-13Hz) beta (13-30Hz) frequency band is the relevant frequency band for motion.

Therefore, we intercept the alpha and beta band’s time-frequency coefficients, respectively, and integrate them in the time-
frequency domain, which is defined as activation strengths. p, and p;, as shown in Formula 3 and Formula 4:

pox [ vieodea @)
8<E<13

%w// VE (&, tdzde @
13<£<30

Use formulas 5, 6, 7, and 8 to calculate the activation intensity p, and p, The resting signal after the movement signal and the
imagination signal under a specific task, respectively, and the activation intensity of the movement signal, imagination signal, and the
subsequent resting signal, respectively. The ratio of information signal activation intensity is as follows.

-~ — pa.mowr (5)

a
pa‘motor,rest

Z)u _ pa,imagine (6)
14 a,imagine_rest
?)\/1 _ P, f,motor (7)

P, B, motor _rest

Dp:
ﬁ/j _ //i,lmagme (8)

P, imagine_rest

Then, the relative activation intensities p,, p,, ps and p; Are added respectively, and the relative total activation intensity of the
movement and imagination tasks is calculated using Equation (9) and Equation (10), as follows:

P ="Da +ﬁ/l ()
p=baths (o

Then, average the relative total activation intensity of N repetitions using Equation (11) and Equation 12

N

/p\average = Z Z)\i an
i=1
N

ﬁ average = Z ﬁ (12)
i=1
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For each task’s movement and imagination parts, the ten electrodes with the most considerable relative total activation intensity
were selected as activation points.

2.5. Ethical

The Southern Theater Command General Hospital of the Chinese People’s Liberation Army Scientific Research Ethics Committee
approved the research protocol (approval number: NZLLKZ2022096), ensuring compliance with the ethical standards for research
involving human subjects. This clinical trial was registered in the Chinese Clinical Trial Registry (Chictr. org. cn)
(ChiCTR2200067029).

3. Results
3.1. Pre-surgical assessments

The preoperative visual field tests for the patient, are presented in Fig. 2, panels C and D, depicting the visual capabilities of the left
and right eyes, respectively. In the left eye, depicted in panel A, the patient demonstrates partial preservation of central vision, while
peripheral vision exhibits notable deficits indicative of a hemianopia pattern. Conversely, panel B shows the right eye’s visual field,
where a significant upper quadrant defect is evident, suggesting a more severe impact on the patient’s visual field. These baseline
assessments reveal the differential effect of the tumor on each eye’s visual field, with the right eye experiencing more extensive
impairment.

Postoperative visual assessments revealed a marked change in the patient’s visual fields. The visual field remained largely intact for
the left eye (Panel E), whereas the right eye (Panel F) exhibited a pronounced homonymous hemianopia.

3.1.1. Imaging findings

The MRI and DTI imaging studies in Fig. 3, panels A-C and D-F, illustrate a comprehensive view of the patient’s tumor charac-
teristics and their relation to the visual pathways. The axial MRI scans (A-C) reveal the tumor’s presence and size, located predom-
inantly in the left parieto-occipital region, which is critical for visual processing.

The DTI images (D-F) further clarify the situation, showing how the tumor’s location intersects with the visual tracts, particularly
implicating the optic radiations. The tumor exerts significant pressure on the visual fibers, which could disrupt the axonal pathways
and impact visual transmission. The colored overlays in the DTI images help to differentiate the tumor mass from the surrounding
neural structures, underscoring the importance of careful surgical planning to minimize damage to critical visual areas.

3.1.2. Task-based fMRI results

During the task-based fMRI, significant activations were observed not only in the V1 but also in higher-order visual areas and the
frontal gyrus (Fig. 4). Quantitatively, the activation in the frontal gyrus showed a Z-score of 4.85 (p < 0.001, FWE-corrected), sug-
gesting a robust involvement of this region during visual processing tasks. The ECoG data corroborated these findings, with elevated

Fig. 3. Visual Pathway Preservation in Occipital Lobe Tumor Resection: panels A-C present axial MRI views highlighting the tumor’s position and
extent, while panels D-F employ DTI imaging to elucidate the tumor’s interaction with the visual tracts.



J. Ma et al. Heliyon 10 (2024) e39072

power spectral densities in the alpha and beta bands observed in electrodes placed over the superior temporal gyrus and frontal regions
(Fig. 6), indicating increased neural activity associated with visual tasks.

The data reflects the complex nature of the visual tasks undertaken by patient QXG, bringing to light both the expected and the
unusual patterns of neural response. As the patient performed visual tasks, regions traditionally associated with visual processing,
including the occipital lobe, were predictably activated. However, intriguingly, adjacent areas typically linked with higher cognitive
functions also displayed increased activity, suggesting a broader engagement of the visual processing network.

Notably, the data showed substantial activation in the frontal gyrus, areas that are not primary visual centers, hinting at a reor-
ganization of visual functions. This reorganization is likely an adaptation to the disrupted visual pathways caused by the occipital lobe
tumor. Furthermore, there was a notable co-activation in sensory and motor areas during the visual tasks, which may indicate a
compensatory mechanism for integrating sensory-motor functions to support impaired visual processes.

3.2. Intra-operative observations

3.2.1. Functional mapping

In the intra-operative stage, functional mapping via direct cortical stimulation was pivotal in understanding the organizational
framework of the patient’s visual cortex affected by the tumor. Fig. 5 A depicts the patient participating in BCI experiments in a
controlled, tranquil environment, essential for accurately monitoring neurophysiological responses. Fig. 5 B illustrates that despite the
occipital lobe’s electrical stimulation in complete darkness, there were no induced visual hallucinations or flash phenomena contrary
to certain expectations. This suggests that the absence of visual phenomenon might be linked to the complexity of the visual cortex and
its resilience to direct stimulation or a sign of disrupted neural pathways due to the tumor’s influence.

During surgery, as shown in Fig. 5C, direct current stimulation was applied meticulously to the visual cortex. The process began on
the cortical surface of the occipito-parietal lobe, with careful attention to preserving the patient’s visual functions while excising the
tumor. Notably, stimulation persisted under microscopic observation up to the vicinity of the calcarine sulcus, marked in white in
Fig. 5 E, indicating an area critical for primary visual processing. Throughout this phase, the patient, shown in Fig. 5 D, was engaged
with the experimental paradigm, ensuring active brain engagement during mapping.

The patient’s verbal response, numerical cognition, and hand sensory perception were monitored, as indicated by points 1, 2, and 4
in Fig. 5C. The preservation of these functions affirmed the precision of the simulation methodology and the utility of direct current
stimulation for probing visual cortex functionality. Despite the comprehensive stimulation approach, and as visually confirmed by
preserving the lower lip of the calcarine sulcus in Fig. 5E (encased within the white box), the patient reported no illusion and flash,
thereby challenging the hypothesized visual response to occipital lobe stimulation.

I
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Right inferior occipital gyrus  Right superior occipital gyrus  Left superior occipital gyrus

Left inferior occipital gyrus

S4-IC4
Fig. 4. Displaying a heatmap of correlated activities among various brain regions during task-based fMRI, Fig. 3 illustrates the patient’s distinctive
neural activation patterns. The heatmap keys from light to dark shades denote a gradient from lesser to greater activation, offering an insightful

overview of the patient’s unique neural engagement during the visual tasks. This visual summary underscores the brain’s dynamic response to task
stimuli and its capacity to adapt following structural alterations due to the tumor.
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Fig. 5. Intra-operative Visual Cortex Mapping. A: Patient engaging with BCI tasks in a quiet setting. B: Electrical stimulation conducted under
complete darkness. C: Direct current stimulation applied to visual cortex areas during awake craniotomy. D: Patient visualizing the experimental
tasks. E: Preservation of calcarine sulcus during surgical resection.
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Fig. 6. Panel A displays the ECoG results capturing real-time brain activity. Significant activation is noted in the occipital lobe and superior
temporal gyrus, correlating with the patient’s visual processing during the experiment.Panel B depicts the arrangement of ECoG electrodes on the
patient’s cortex. Color coding is used to distinguish between electrode arrays—Green represents the first electrode array (1-8 from left to right), red
indicates the second electrode array (16-9 from left to right), and blue marks the third electrode array (17-24 from left to right). Panel C displays a
time-frequency plot from one of the more prominently activated electrodes showcasing brain activity patterns across the five sessions.
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3.2.2. ECoG finding

In this detailed case study, using ECoG proved to be an essential tool for the real-time observation of the patient’s brain activity
during various visual tasks. The ECoG data pointed to robust neural activation within the occipital lobe’s visual center, underscoring
the preserved function of this area and providing critical information relevant to the patient’s particular neurological profile. The
strategic arrangement of the ECoG electrodes was meticulously planned; the first strip was marked in green for electrodes 1 through 8,
the second strip was designated in red for electrodes 16 down to 9, and the third in blue for electrodes 17 to 24. This precise placement
of electrode strips was crucial to comprehensively monitoring the cortical regions engaged in visual processing. The color-coded
mapping facilitated a clear delineation of each strip’s location on the cortex, as seen in Fig. 6B, ensuring an accurate assessment of
brain activity across the visual network. These findings from the ECoG assessment are vital, as they validate the functional capabilities
of the visual cortex and serve as a foundation for understanding the neurological impact of the patient’s condition.

Substantial activation was recorded across electrodes 1, 2, 3, 4, 5, 9, 10, 11, 12, 13, and 14, notably within the occipital lobe and
superior temporal gyrus (Fig. 6 A). Such findings are significant, considering the experimental paradigm was not exclusively focused
on visual tasks; however, since all ECoG experiments necessitated visual cues for task execution, these results suggest that the patient’s
visual capabilities were somewhat preserved during surgery. This assumption is backed by the observed activation across five different
sessions, as depicted in the time-frequency plot of Fig. 6C, further supporting the notion of intact visual ability.

3.3. Summary of key findings

In summarizing the key findings of this study, it’s evident that the pre-surgical assessments were instrumental in establishing a
baseline for the patient’s visual processing capabilities and setting the stage for targeted surgical intervention. Intra-operative ob-
servations provided valuable insights into the functional organization of the visual cortex, with direct cortical stimulation offering no
elicitation of visual phenomena, thereby deepening our understanding of the brain’s visual processing in the presence of a tumor.

4. Discussion
4.1. Interpretation of results

4.1.1. Comparative analysis with high-impact studies

Our investigation into the neurosurgical management of occipital lobe tumors, mainly through visual processing disruptions,
presents a unique contribution to the field. By integrating advanced neuroimaging techniques such as task-based fMRI and DTI with
direct cortical stimulation and ECoG)during awake craniotomy, we offer novel insights into the complexities of visual processing in the
context of brain tumors.

This multifaceted approach enables a more nuanced understanding of visual processing areas’ functional integrity and plasticity,
contributing to the growing body of literature on the subject. Studies such as those conducted by J. Shi, D. Lu, R. Pan, H. Chen, H. Teng,
Y. Xu, F. Bo, Q. Zhou and Y. Zhang [16]and T. Tanaka, J. Takei, A. Teshigawara, Y. Yamamoto, Y. Akasaki, Y. Hasegawa and Y.
Murayama [17], which have previously explored the impact of occipital lobe tumors on visual function, primarily rely on noninvasive
imaging techniques. Our work extends these findings by incorporating intra-operative observations and post-surgical rehabilitation
outcomes, providing a comprehensive overview of the patient’s journey from diagnosis to recovery [18].

Our findings resonate with those of X. Zhang, S. Kedar, M. J. Lynn, N. J. Newman and V. Biousse [19], who also reported preserving
certain visual functions despite extensive occipital lobe damage. However, our study diverges in observing the absence of expected
visual phenomena—such as light flashes or hallucinations—during direct cortical stimulation [13]. This discrepancy challenges
existing assumptions about the relationship between visual processing areas and the occurrence of such phenomena, suggesting a more
complex interplay than previously understood.

In comparison to high-impact studies that have demonstrated the efficacy of BCI technologies in enhancing visual function post-
occipital lobe tumor resection [20,21], our research further underscores the potential of integrating these technologies with tradi-
tional neurosurgical and neuroimaging approaches. Our work aligns with the emerging consensus on the need for a multidisciplinary
approach to treating visual impairments associated with brain tumors, advocating for incorporating BCI technology not only as a
rehabilitative tool but also as a means of gaining deeper insights into the brain’s visual processing capabilities.

4.1.2. Significance of pre-surgical fMRI and DTI findings

The integration of fMRI and diffusion DTI in our pre-surgical assessments has been instrumental in delineating the functional and
structural landscape of the visual pathways impacted by the presence of an occipital lobe tumor [22]. These advanced imaging mo-
dalities offered a dual perspective: fMRI revealed the active regions of the brain during visual tasks, highlighting areas of resilience and
those compromised by the tumor, while DTI provided a detailed map of the white matter tracts, showcasing how the tumor’s location
and size potentially disrupted the visual information flow.

Our findings underscore the nuanced interplay between structural integrity and functional capability within the visual system [23].
The pre-surgical fMRI and DTI data not only confirmed the anticipated impact of the tumor on the visual pathways but also revealed a
more complex picture of visual processing under threat [24]. This complexity was evident in the patient’s ability to perform visual
tasks despite extensive clinical evidence of visual field damage, particularly to the right eye, which suggested residual visual function
within the damaged occipital area [25].

Such insights set a crucial foundation for our understanding of post-surgical visual outcomes. They emphasized the importance of
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not only considering the physical removal of the tumor but also understanding its pre-existing impact on visual processing capabilities.
This understanding is vital for planning surgical approaches that minimize damage to critical visual areas and designing postoperative
rehabilitation programs that leverage the patient’s remaining visual capabilities.

Furthermore, our findings contribute to a broader discourse on the role of fMRI and DTI in neurosurgical planning and rehabili-
tation strategies [26]. By demonstrating the value of these imaging techniques in uncovering the complexities of the brain’s visual
system, our study advocates for their continued use and development [27]. This enhances our capacity to treat occipital lobe tumors
with greater precision and opens new avenues for employing technology, such as brain-computer interfaces (BCIs), in post-surgical
visual rehabilitation [28].

In summary, our study’s pre-surgical fMRI and DTI findings illuminate the critical balance between preserving functional integrity
and achieving surgical success [29]. They underscore the need for a holistic approach to treatment that encompasses advanced im-
aging, careful surgical technique, and innovative rehabilitation strategies, setting a new standard for patient care in occipital lobe
tumor cases.

4.1.3. Intra-operative observations and their implications

In our study, the intra-operative phase provided a unique window into the visual cortex’s functional organization under a tumor’s
direct influence [30]. DCS and ECoG during awake craniotomy offered real-time insights into the brain’s response to visual stimuli and
electrical excitation. Notably, our anticipation of witnessing visual phenomena—such as phosphenes or flashes—commonly reported
in the literature during direct stimulation of visual areas was met with an intriguing absence of such experiences by the patient [31].
This unexpected outcome necessitates a critical reevaluation of existing theories regarding the visual system’s capacity for redundancy
and plasticity, especially in pathological conditions like tumors [32].

The significance of these intra-operative observations extends beyond their immediate surgical context. Firstly, they underscore the
reliability and importance of employing DCS and ECoG as intra-operative tools for functional mapping. This approach not only aids in
preserving essential visual areas but also minimizes the risk of postoperative visual deficits. Furthermore, the absence of visual
phenomena traditionally associated with occipital lobe stimulation challenges our current understanding of visual processing path-
ways [33]. It suggests that visual perception may be more resilient or differently organized than previously thought, possibly involving
compensatory mechanisms that allow visual function maintenance despite significant structural disruptions.

Moreover, these findings have profound implications for the design of rehabilitation strategies following occipital lobe tumor
resection [34]. The patient’s ability to perform visual tasks, despite the lack of intra-operative visual phenomena, points to the po-
tential for leveraging unexplored neural pathways in visual rehabilitation. This insight opens new avenues for integrating BCI tech-
nology into post-surgical rehabilitation programs, aiming to enhance or restore visual capabilities through targeted stimulation and
training.

In conclusion, the role of direct cortical stimulation and ECoG in our study facilitated a more nuanced understanding of the visual
cortex’s functionality and highlighted the complexity of visual processing in the context of brain tumors. These intra-operative ob-
servations advocate for a more integrated approach to neurosurgery, combining advanced monitoring techniques with neuroscience
and rehabilitation science insights to optimize patient outcomes.

4.1.4. Associations between visual processing and brain activity

Our findings reveal that visual processing in the presence of an occipital lobe tumor involves complex neural dynamics, charac-
terized by atypical activation patterns and the engagement of non-traditional visual areas. The significant activation of the frontal
gyrus and superior temporal gyrus during visual tasks suggests that the brain may recruit additional cortical regions to compensate for
impaired function in the primary visual cortex.

This phenomenon aligns with the concept of neuroplasticity, where the brain adapts to structural damage by reorganizing func-
tional networks [35]. Studies by Henriksson et al. demonstrated that patients with occipital lobe lesions exhibit increased activation in
perilesional areas and higher-order visual cortices during visual tasks, indicating compensatory mechanisms at play [36]. Similarly,
Bridge et al. found that the intact hemisphere could contribute to visual processing following unilateral occipital damage [37].

In our study, the engagement of frontal regions may reflect the integration of visual information with cognitive processes such as
attention and working memory, which are crucial for interpreting visual stimuli when primary pathways are compromised. The ECoG
data support this interpretation, showing heightened neural activity in these areas concurrent with visual task performance.

These observations underscore the brain’s remarkable ability to adapt to structural challenges posed by tumors, leading to a
reorganization of visual processing pathways. By elucidating these associations, our study enhances the understanding of the com-
plexities inherent in visual processing under pathological conditions, providing valuable insights for developing targeted rehabilita-
tion strategies.

4.2. Enhancing neurorehabilitation through BCI

Recent studies have demonstrated the potential of BCI technology in neuro-rehabilitation for patients affected by brain tumors and
other neurological impairments. For instance, Brunner et al. showed that patients with high-grade gliomas could successfully use a BCI
system for communication and control, indicating preserved cognitive function despite tumor presence [14]. Similarly, Liiders et al.
explored motor rehabilitation using BCI in post-stroke patients, which, while not tumor-related, provides valuable insights into neural
plasticity and rehabilitation potential [38].

In the context of visual rehabilitation, Chaudhary et al. reviewed the application of BCIs for restoring communication and control in
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patients with severe motor and visual impairments, emphasizing the adaptability of BCIs in various neurological conditions [39].
These studies collectively highlight the versatility and effectiveness of BCI systems in facilitating neuro-rehabilitation.

Building upon this foundation, our study contributes to the field by specifically focusing on the use of BCI technology for visual
rehabilitation in patients who have undergone occipital lobe tumor resection. By demonstrating the feasibility and benefits of inte-
grating BCI into postoperative care, we provide evidence supporting the expansion of BCI applications in neuro-oncology rehabili-
tation programs.

The transformative potential of BCI technology in neurorehabilitation, particularly after surgical interventions for occipital lobe
tumors, represents a cornerstone of our discussion [40]. The results demonstrate significant improvements in patients’ visual function
post-intervention.Our study delves into the innovative application of BCI systems as a rehabilitative tool to mitigate the visual im-
pairments often accompanying such neurosurgical procedures. By integrating BCI technology with conventional rehabilitation pro-
tocols, we propose a novel pathway to enhance patients’ recovery and quality of life while navigating the aftermath of tumor resection.

The integration of BCI in post-surgical rehabilitation is predicated on its ability to translate neural signals into external actions,
thereby facilitating direct interaction between the patient’s brain and rehabilitative devices or software [28]. This interaction provides
a unique avenue for patients to engage in targeted visual tasks that stimulate specific brain areas, potentially fostering neural plasticity
and contributing to the recovery of visual functions. Current research supports the efficacy of BCI systems in neurorehabilitation,
showecasing significant improvements in patients’ visual capabilities and overall sensory processing through consistent BCI usage [41].

Moreover, the application of BCI technology extends beyond mere functional recovery; it embodies a patient-centered approach to
rehabilitation, offering individuals a sense of agency and involvement in their recovery process. This aspect of BCI usage aligns with
contemporary rehabilitation science’s emphasis on personalized and adaptive rehabilitation strategies, ensuring that each patient’s
unique needs and capabilities are addressed.

Incorporating BCI systems into the rehabilitation protocol post-occipital lobe tumor resection holds promise for enhancing visual
recovery and opens new research avenues to explore the mechanisms underlying BCI-induced neuroplasticity. As we continue to
unravel these mechanisms, the insights gained will enrich our understanding of the brain’s capacity to adapt, recover, and refine BCI
technology for broader applications in neurorehabilitation.

Our findings offer valuable theoretical contributions to the field of BCI, particularly in understanding the neural substrates and
functional networks involved in visual processing post-occipital lobe tumor resection. By elucidating these mechanisms, we provide a
foundation upon which future BCI technologies can be developed and tailored for visual rehabilitation. Although we did not utilize a
specific BCI tool in this study, the insights gained are crucial for guiding subsequent research and development efforts in this area.

In conclusion, integrating BCI technology in post-surgical rehabilitation for occipital lobe tumor patients represents a pioneering
approach with the potential to improve rehabilitation outcomes significantly. It underscores the necessity for continued research and
development in BCI technology, aimed at harnessing its full potential to support the recovery and well-being of patients with
neurological impairments [42].

4.3. Methodological considerations and cross-disciplinary research

The methodological framework adopted in our study showcases strengths that collectively contribute to its innovative exploration
of visual processing in the context of occipital lobe tumor resections. A critical advantage lies in the interdisciplinary approach that
seamlessly integrates neurosurgery, neuroimaging, and BCI technologies. This collaboration enriches the study’s breadth and enhances
the precision and depth of the findings, providing a holistic view of the impact of tumor resections on visual functions and potential
rehabilitation pathways.

Despite these strengths, our study acknowledges inherent limitations that stem primarily from its case-study design and the
complex nature of visual processing. One such limitation is the generalizability of the findings, as the intricate interplay between tumor
characteristics, surgical interventions, and individual patient responses may vary widely across cases [43]. Furthermore, while direct
cortical stimulation DCS and ECoG offer invaluable insights into brain function, they are invasive techniques that may not be uni-
versally applicable or preferable in all clinical scenarios [44].

Recognizing these limitations, our study posits a compelling argument for the immense potential of interdisciplinary research in
advancing the field of neurorehabilitation, especially for patients with visual impairments due to occipital lobe damage [45].
Combining neurosurgery’s precision, neuroimaging’s diagnostic capabilities, and BCI technology’s rehabilitative potential opens new
avenues for personalized care. Such interdisciplinary efforts can lead to the development of tailored rehabilitation strategies sensitive
to the nuances of individual brain architecture and functionality, thereby maximizing recovery outcomes [46].

Our methodological approach underscores the value of integrating diverse scientific perspectives and techniques. It calls for a
concerted effort among neuroscientists, surgeons, engineers, and rehabilitation specialists to push the boundaries of current knowl-
edge and technology [47]. By fostering an environment that encourages cross-disciplinary collaboration, we can unlock new possi-
bilities for enhancing the lives of those affected by neurological conditions, paving the way for more effective, personalized
rehabilitation solutions that leverage the full spectrum of contemporary scientific advancements.

4.4. Addressing the challenges and future directions
Addressing the myriad challenges inherent in BCI research and neurorehabilitation requires a multifaceted approach, incorporating
technological innovations, methodology, and interdisciplinary collaboration. The unique nature of visual impairments, particularly

those arising from occipital lobe tumors, demands specialized strategies that leverage the latest advancements in BCI technology [48].
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Overcoming these challenges necessitates technological innovation and a deeper understanding of the brain’s plasticity and capacity
for functional recovery. Future research directions should prioritize studies that elucidate the mechanisms underpinning brain plas-
ticity, aiming to harness these insights to enhance the efficacy of BCI-assisted rehabilitation for patients with visual impairments [49].

The potential of BCI technology in neurorehabilitation extends beyond current applications, offering promising avenues for
improving the quality of life for patients experiencing visual deficits [50]. Future investigations should explore the integration of BCIs
with traditional rehabilitation methods, examining the synergistic effects on patient outcomes. This includes assessing the long-term
impacts of BCI use on brain plasticity and visual function recovery, which may provide critical insights into optimizing rehabilitation
protocols [51].

Interdisciplinary collaboration emerges as a cornerstone in advancing the field of visual impairment rehabilitation. By uniting the
expertise of neurosurgeons, neuroscientists, engineers, and rehabilitation specialists, the research community can drive forward the
development of innovative solutions that address the complex needs of patients. This collaborative effort is crucial for translating
research findings into practical applications, ensuring that advances in BCI technology and neuroimaging translate into tangible
benefits for individuals affected by occipital lobe tumors and other neurological conditions [52].

In conclusion, technological, methodological, and collaborative challenges marked the journey toward effective neuro-
rehabilitation for visual impairments [53]. However, by embracing these challenges as opportunities for growth and innovation, the
scientific community can pave the way for significant advancements in BCI research and application. The concerted effort of re-
searchers and practitioners across disciplines will be instrumental in unlocking new frontiers in neurorehabilitation, ultimately
enhancing patients’ lives worldwide.

4.5. Limitations and generalizability

While this study provides a comprehensive analysis of a single case, we acknowledge that the limited sample size may affect the
generalizability of our findings. However, detailed case studies are instrumental in advancing understanding, especially in rare or
complex conditions where large sample sizes are difficult to obtain. The insights gained from this case can inform future research and
clinical practices by highlighting potential mechanisms and therapeutic strategies.

Our use of a multimodal approach was designed to maximize the data obtained from a single participant, enhancing the depth and
richness of the findings. By integrating pre-surgical imaging, intra-operative monitoring, and post-surgical interventions, we were able
to comprehensively assess the patient’s condition. Additionally, we compared our results with existing studies to identify consistencies
and differences, supporting the relevance of our findings within the broader scientific context.

To ensure the applicability of our approaches, future studies should include larger and more diverse cohorts to validate these
findings and explore the generalizability of the multimodal techniques and BCI interventions presented. Collaborative research efforts
can facilitate the accumulation of data across multiple centers, thereby enhancing the robustness of conclusions drawn in this field.

5. Conclusions

Our study has made significant contributions to understanding the complexities of visual processing in the presence of occipital
lobe tumors and has underscored the potential of BCI technology in enhancing rehabilitation strategies. Through detailed pre-surgical
and intra-operative observations, we have uncovered insights into the adaptive capabilities of the visual system when faced with
structural disruptions. The absence of anticipated visual phenomena during surgery provides a new perspective on the resilience of
visual processing pathways and suggests alternative mechanisms for maintaining visual function. The application of BCI technology in
post-surgical rehabilitation has emerged as a promising approach to support recovery and improve the quality of life for patients with
visual impairments due to brain tumors. This study paves the way for future neurosurgery, neuroscience, and rehabilitation science
research, highlighting the importance of integrating advanced technologies for personalized care. It invites a cross-disciplinary
collaboration to explore further and exploit the therapeutic potentials of BCI technology in neurorehabilitation.
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