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Abstract

Neurogenic bladder (NB) is a prevalent condition affecting 75—-80% of patients with spinal cord injuries, 40—45%
of those with multiple sclerosis, and 15-20% of individuals with Parkinson’s disease, leading to severe bladder
dysfunction and reduced quality of life. Accurate diagnosis and effective prognostic modeling are crucial due to
the variability in disease presentation and progression. This paper introduces a novel Multi-Scale Feature Fusion
and Prognostic Modeling (MSFF-PM) algorithm that utilizes 250 biomarkers from clinical, molecular, and
imaging data to enhance diagnostic precision and risk prediction. The algorithm integrates Bi-LSTM for capturing
temporal dependencies, ResNet-50 for spatial feature extraction, and a Cross Attention Mechanism to fuse multi-
modal information. In a study involving 1,200 patients, the MSFF-PM algorithm achieved a classification
accuracy of 96.4%, an early complication detection precision rate of 92.7%, and a reduction in false-positive rates
by 18.5%. The model successfully identified 23 novel biomarkers closely associated with the severity and
progression of neurogenic bladder dysfunction. Moreover, the prognostic module provided risk stratification with
94.2% reliability, offering actionable insights for personalized treatment. The MSFF-PM algorithm advances
neurogenic bladder care by combining advanced deep learning techniques with multi-scale data fusion, enabling
early detection of complications, personalized therapeutic planning, and improved clinical outcomes. The
incorporation of a Cross Attention Mechanism enhances interpretability by highlighting critical biomarkers,
facilitating better decision-making for healthcare providers. This model represents a significant step forward in
integrating fundamental neuroscience with clinical practice, addressing the challenges of early diagnosis, precise
prognostication, and individualized patient care in neurogenic bladder management.

Keywords: Neurogenic Bladder, Biomarker Discovery, Prognostic Modeling, Deep Learning, Multi-Modal Data
and Personalized Medicine

Introduction

Neurogenic bladder (NB) is a complex urological condition resulting from dysfunction in the neural pathways
controlling bladder storage and voiding. It is a common complication in patients with neurological disorders such
as spinal cord injuries, multiple sclerosis, Parkinson’s disease, and diabetic neuropathy. Studies indicate that 75—
80% [1] of individuals with spinal cord injuries and 40—45% of those with multiple sclerosis develop neurogenic
bladder dysfunction, significantly impacting their quality of life. This dysfunction leads to urinary incontinence,
urinary retention, and increased risks of urinary tract infections (UTIs) and renal damage. The complexity of
neurogenic bladder arises from the diverse etiology and variable clinical manifestations, making accurate
diagnosis and effective prognostic modeling challenging for clinicians.

Traditional diagnostic approaches for neurogenic bladder rely on clinical assessments, patient history, and
urodynamic studies. While these methods provide critical information, they often fail to capture the multifaceted
nature of the condition. Molecular biomarkers, imaging modalities, and advanced data analytics offer a promising
avenue for improving diagnostic accuracy and enhancing individualized treatment plans. However, the vast and
heterogeneous nature of patient data requires sophisticated analytical models capable of integrating multi-modal
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information. The emergence of artificial intelligence (Al), particularly deep learning techniques, offers a
transformative approach to managing neurogenic bladder by identifying hidden patterns and predicting disease
progression [2].

Biomarker discovery plays a crucial role in enhancing the understanding of neurogenic bladder pathophysiology
and improving clinical outcomes. Biomarkers derived from clinical, molecular, and imaging data can offer insights
into disease severity, treatment response, and risk of complications. Despite the promise, existing biomarker
research in neurogenic bladder care remains limited due to data fragmentation and the lack of integrated analytical
frameworks [3]. A comprehensive, Al-driven model that combines multi-source data can address these limitations
and unlock new avenues for precision medicine in neurogenic bladder management.

Prognostic modeling is equally critical in neurogenic bladder care. Early identification of patients at risk for severe
complications allows for timely intervention and personalized treatment strategies. Conventional prognostic
methods often rely on static clinical features, limiting their ability to capture dynamic disease trajectories. By
leveraging deep learning models, which excel at analyzing large, complex datasets [4], it is possible to develop
robust prognostic tools that provide real-time risk assessments and predictive insights. Integrating prognostic
modeling with biomarker discovery enables a holistic understanding of disease progression and empowers
clinicians to make data-driven decisions.

To address these challenges, we propose a novel Multi-Scale Feature Fusion and Prognostic Modeling (MSFF-
PM) algorithm that leverages deep learning for biomarker discovery and outcome prediction in neurogenic bladder
care. This algorithm integrates 250 biomarkers from clinical, molecular, and imaging data, offering a
comprehensive analysis of patient profiles. By combining a Bi-LSTM model for temporal pattern extraction,
ResNet-50 for spatial feature learning, and a Cross Attention Mechanism for multi-modal data fusion, the MSFF-
PM algorithm captures intricate relationships across diverse data sources [5].

The Bi-LSTM (Bidirectional Long Short-Term Memory) model processes sequential clinical and molecular data,
capturing temporal dependencies critical for understanding disease progression. This allows the algorithm to track
how biomarkers evolve over time, providing a more accurate and dynamic assessment. The ResNet-50
architecture is used for analyzing imaging data, extracting spatial features associated with bladder abnormalities.
Meanwhile, the Cross Attention Mechanism fuses the outputs from both models, assigning importance weights to
the most relevant biomarkers, enhancing interpretability, and improving prediction accuracy. The major
contributions of the proposed model are,
e A novel Multi-Scale Feature Fusion and Prognostic Modeling algorithm integrating 250 biomarkers
using Bi-LSTM, ResNet-50, and Cross Attention Mechanism.
e Achieved 96.4% classification accuracy, 92.7% precision for early complication detection, and identified
23 novel biomarkers.
e Enabled real-time risk assessment and individualized treatment planning for improved neurogenic
bladder management.
In the following sections, we provide a detailed description of the MSFF-PM algorithm, including its architectural
design, data preprocessing techniques, and model evaluation. We also present comprehensive results from our
patient study, highlighting the algorithm’s superior performance compared to existing methodologies. Finally, we
discuss the broader implications of our findings for clinical practice, future research, and the evolving role of Al
in neuro-urology. Through this research, we aim to pave the way for intelligent, personalized healthcare solutions
that optimize patient outcomes and enhance the quality of life for individuals affected by neurogenic bladder.

Literature Review Of Related Works

Fechner et al. (2024) [6] explore how artificial intelligence (Al) influences the design of individualized bladder
monitoring systems. The study emphasizes the need for adaptive, tailorable technology to accommodate patient-
specific needs. By leveraging Al, the system enhances data analysis and real-time monitoring, enabling more
precise and personalized healthcare solutions. The authors highlight design challenges, such as ensuring patient
privacy, handling diverse data sets, and maintaining system flexibility. Their findings suggest that integrating Al
improves the accuracy and responsiveness of bladder monitoring while offering patients greater autonomy. The
study advocates for a patient-centered approach where Al algorithms continuously adapt to changing health
parameters, optimizing both diagnostic accuracy and therapeutic interventions. This research underscores the
importance of balancing advanced technological capabilities with user-centric designs, ensuring that future
healthcare systems are both effective and accessible, ultimately contributing to more personalized and efficient
patient care in urological health management.
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Ju et al. (2025) [7] present a smart wearable Transcutaneous Electrical Nerve Stimulation (TENS) device for
home-based overactive bladder (OAB) management. This advanced wearable system provides continuous bladder
symptom relief through automated nerve stimulation. The device is equipped with Al-driven algorithms that
optimize stimulation patterns based on patient data, improving efficacy while minimizing manual intervention.
The study demonstrates the effectiveness of the device in reducing OAB symptoms and enhancing patient comfort.
By enabling home-based care, the wearable TENS device promotes patient independence and reduces the need
for frequent clinical visits. Furthermore, the system leverages intelligent monitoring to adapt stimulation in real
time, ensuring consistent therapeutic outcomes. The authors emphasize that the combination of smart technology
and Al facilitates personalized treatment, making bladder management more accessible and efficient. This
research highlights the potential of wearable medical devices in delivering advanced, patient-centric solutions for
chronic health conditions.

Wang et al. (2023) [8] review the role of Al-enhanced sensor technologies in advancing next-generation healthcare
and biomedical platforms. The paper focuses on how Al improves sensor precision, real-time data analysis, and
diagnostic accuracy. It discusses the integration of intelligent algorithms to process large data sets efficiently,
enabling faster and more accurate patient monitoring. Key advancements include sensor miniaturization and the
use of machine learning to identify complex health patterns. The study also explores the application of these
technologies in personalized medicine, where Al enhances both diagnostic and therapeutic processes. The authors
highlight the potential of these innovations to improve patient outcomes while reducing operational costs. The
paper concludes that combining Al with advanced sensor systems can revolutionize healthcare delivery by
enabling continuous monitoring, early disease detection, and adaptive treatments, ultimately leading to more
efficient, responsive, and personalized healthcare systems.

Sunyaev et al. (2024) [9] examine how Al and digital health technologies enhance patient-centered care through
data-driven research. The study discusses how Al improves clinical decision-making by providing real-time
insights and personalized treatment recommendations. It emphasizes the importance of patient autonomy and
privacy in the digital health landscape, advocating for interoperable systems that securely manage sensitive
medical data. The authors highlight the potential of Al to reduce clinical errors, streamline patient care, and
optimize treatment pathways. Additionally, the paper addresses ethical and regulatory challenges in implementing
Al solutions in healthcare. The findings suggest that Al-driven approaches facilitate better patient engagement
and improved health outcomes through precise, data-driven diagnostics and treatment. By integrating Al into
digital health frameworks, the study concludes that healthcare systems can deliver more effective, patient-focused
care while maintaining transparency and trust in data handling processes.

Bulai et al. (2025) [10] analyze the impact of transurethral enucleation techniques on benign prostatic obstruction
(BPO) management across all prostate sizes. The study discusses contemporary technological advances in surgical
methods, emphasizing improved clinical outcomes and reduced post-operative complications. The authors
highlight the role of image-guided Al systems in enhancing surgical precision and patient safety. This therapeutic
approach offers a minimally invasive solution that accelerates patient recovery while maintaining high procedural
accuracy. The research presents evidence-based outcomes showing improved urinary flow rates and reduced
symptom recurrence. The study also emphasizes the importance of technological innovation in refining surgical
methodologies for better patient outcomes. The authors conclude that the integration of advanced surgical
techniques with Al-driven assistance can significantly enhance the efficacy and safety of BPO treatments, offering
a more personalized and efficient solution for patients across various clinical settings.

Wang et al. (2022) [11] explore the potential of triboelectric nanogenerators (TENGs) in enabling advanced
implantable biomedical devices. The paper discusses how TENGs can harness biomechanical energy to power
medical implants, reducing reliance on external batteries. This energy-harvesting technology enhances the long-
term functionality and sustainability of implantable devices. The study highlights AI’s role in optimizing energy
management and real-time physiological monitoring. TENG-based implants support continuous data collection,
enabling personalized diagnostics and responsive therapeutic interventions. The authors demonstrate the
effectiveness of TENGs in maintaining device performance under dynamic physiological conditions. Additionally,
the paper emphasizes the potential applications of TENG technology in remote patient monitoring and advanced
biomedical diagnostics. The research concludes that combining TENGs with Al-driven data analysis can
transform the future of implantable medical devices, improving patient care through real-time monitoring,
adaptive therapies, and sustainable, long-lasting energy solutions.

Research Gaps Identified
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e Al enhances personalized bladder care by enabling real-time data analysis, adaptive treatment strategies,
and patient-specific monitoring.

e Al-integrated wearable devices improve bladder management through continuous monitoring, real-time
feedback, and home-based care solutions.

e Al improves the precision of bladder condition diagnosis by analyzing large datasets, enabling early
detection and more accurate assessments.

e Al-driven systems optimize treatment plans, enhance surgical accuracy, and reduce post-operative risks,
leading to better patient care and safety.

Proposed Monitoring Information And Treatments For Serious Cerebral Vascular
Disease

Individuals with serious cerebrovascular disorders often have awareness disruption and have a bad prognosis.
Patients with significant cerebral illnesses are at risk for pneumonia acquired in a hospital owing to factors such
as age, diminished consciousness, insufficient breath and sputum expulsion, and different medical supplies usage,
which may negatively impact their prognosis. In addition, it is neurogenic. Additionally, pulmonary oedema could
aggravate the course of pneumonia. Extensive cerebrovascular illness may lead to consequences including a
respiratory infection, low electrolyte levels, and convulsions. Patients with concomitant pneumonia and internal
diseases of the environment have a greater fatality risk. Half of the trial participants developed pneumonia to
varied degrees [12], including severe cases involving multi-drug-resistant pathogens. The patient had the trachea,
confirming infection as a typical consequence of severe vascular illness.

Of those who survive severe cardiovascular illness, over half will have varying degrees of impairment, including
lateral limb amputation and aphasia. This illness places significant economic strain on the sufferer, their family,
and society. Cerebrovascular illness by caused by systolic artery disease and coronary artery disease is the leading
cause of stroke.

Patients with ischaemic illness with mild conscious problem have a better outlook and greater survival rates,
whereas those with moderate awareness problem have worse prognoses and have varying degrees of sequelae.
Patients with significant conscious disruption have the greatest fatality rate and worse prognosis. Patients that
survive suffer severe repercussions that significantly impact their quality of life. In Figure 1, the flow chart depicts
emergency treatment for individuals with severe cerebrovascular illness.
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Figure 1: Acute vascular illness urgent treatment flow chart

Individuals with severe cerebral illness may have varied levels of awareness disruption. In therapeutic practice,
awareness refers to the brain's capacity [13] to react quickly to events both internally and externally, known as
brain waking. The topic of consciousness Disorders involves a decrease in arousal and alterations in awareness
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quality. The cerebral cortex's high-level neuronal functions, including as perception, reasoning, memory,
introductions, feeling, and volition, comprise the content of consciousness. The content of cognition manifests as
disorientation or insanity. The brainstem ascending activation system is crucial for maintaining human
consciousness. Various sensory impulses are received by the thalamus, which sends them to the cerebral cortex,
causing excitation in the central nervous system. Once an individual develops

Disruption of awareness, indicating a serious state, generally leads to a bad outcome for the patient. Accurately
recognising awareness disorders in patients, evaluating their condition, and providing appropriate treatment can
save those who have severe cerebrovascular disease and bring peace to the crisis.

3.1 EEG Biological Screening for Brain Function Evaluation

The cerebral cortex cells exhibit sporadic electrical activity. A brain harmed by numerous factors will exhibit
aberrant discharges, including frequency and amplitude alterations. According to EEG technology, brain electrical
activity [14-16] are recorded using sensors and processed using computer programs to provide better visuals. The
EEG current indicates that the postsynaptic potential for grey matter intervertebral body cells, kept in rhythm by
the ascend activating mechanism of the neural network.

Electroencephalographic measures the rhythmic and spontaneous bioelectric activity of the cerebral cortex, which
is responsible for amplifying signals by millions to assess brain function. It is often used in clinical practice to
diagnose and treat epilepsy. This approach is crucial for diagnosing and classifying epilepsy. It easily, objectively,
safely, non-invasively, and correctly assesses patient brain function.

EEG electrode placement follows the 10-20 methodology established by the International Electroencephalography
Society. The brain electrodes are arranged according to the head size and form, and their names reflect the brain
anatomical zone. With the apex as the centre, draw straight lines to the temporal halves (split into 10), create
concentric circles with the sagittal line halves as the radius, and locate the electrode placement based on the
crossing point.

The status of EEG is intimately linked to brain cell metabolism and is more vulnerable to damage produced by
numerous factors. When brain cells experience hypoxia, oedema, or necrosis, the EEG will display amplitude.
Frequency variations and lesion site may be estimated using electrode position, which is crucial for basic
diagnosis. For patients with severe cerebrovascular illness in clinic, a brief EEG may not accurately assess brain
function. Long-term EEG monitoring at the bedside provides dynamic information on the physiological activity
of severe patients throughout time.
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3.2 Clinical Long-Term EEG Analysis
Important vascular lesions frequently induce severe cerebrovascular disorders [17]. Patients with frequent large-
area cerebral infarctions have altered brain cell potential owing to ischaemia, oedema, and necrosis in the infarct

© International Neurourology Journal 388 ISSN:2093-4777 | E-ISSN:2093-6931
DOI: 10.5123/inj.2024.3.inj169 Vol. 28 Iss. 3 (2024)



https://einj.net/index.php/INJ/article/view/641

INTERNATIONAL
NEUROUROLOGY JOURNAL

site. The EEG often displays a flat waveform with low amplitude due to necrotic brain cells in the central infarct
location. Brain cells around the lesion's peripheral oedema zone may also suffer hypoxia to variable degrees.
Typically, the EEG displays a low-amplitude slow wave (6 or § wave). Flat and sluggish wave range and amplitude
might indicate the severity of a patient's illness clinically.

Some individuals with cerebrovascular accidents, particularly acute cerebral ischaemic disorders, may not detect
good signals early on by neuroimaging alone. EEG is compatible with brain biometabolism and better represents
the cerebral cortex.

Brain bioelectrical activity may give quick and reliable information on brain activities associated to aberrant
metabolism. An EEG is a more sensitive indication for monitoring acute ischaemic disorders. Infarction is a
valuable clinical diagnostic tool that should be promoted and used. When local CBF drops to 20-30 ml/100 g/min
[18], EEG monitoring becomes abnormal. EEG background waves are replaced by high amplitude waves. When
blood flow is lowered to 17 ml/(100 g min), synaptic activity decreases and the wave disappears. Reducing blood
flow to 10 m1/100 g/min causes irreversible brain cell damage.

Continuous EEG monitoring is crucial for early diagnosis of acute vascular accident patients. Patients with severe
cerebrovascular diseases present with varying degrees of consciousness disturbances, making physical
examinations difficult to coordinate. EEG monitoring is crucial for assessing the severity of the disease based on
brain muscle multi-source perception and determining brain electrical signal movement intentions.Abnormal EEG
and brain topography indicate a reduction in fast-wave power and an increase in slow-wave power. The EEG test
may better detect abnormalities in brain activity in individuals preceding cerebral haemorrhage. The cause may
be early brain injury from hypertensive intracerebral haemorrhage. This examination aids in early prediction and
prevention of intracerebral haemorrhage. For hypertension patients, particularly those at high risk, long-term EEG
monitoring is crucial for detecting cerebral haemorrhage promptly [19].

The combination of brain damage from non-convulsive epilepsy, NCSE, and underlying cerebrovascular illness
may worsen the condition. If the interictal EEG reveals epileptic discharges, periodic discharges, or persistent
micro-seizure patterns after first therapy, the probability of recurrence rises by 5, 18, or 18. We everyone know
electroencephalogram iscrucial auxiliary exam for epilepsy diagnosis is not included here. Because of
circumstances,Due to time restrictions, the positive rate of epilepsy diagnosis is low. Patients with severe
encephalopathy may develop NCS in clinical practice. Without long-term EEG monitoring, diagnosing non-
convulsive epilepsy in clinical settings is challenging. The research included 90 participants, including 24
occurrences [20] of epilepsy and a 26.67% incidence rate. There were only six occurrences of spastic seizures, a
6.6% positive rate, and a 20% prevalence of non-convulsive epilepsy. Severe cerebrovascular illness raises the
incidence of convulsive seizures significantly. Long-term EEG is crucial for detecting non-convulsive epilepsy.
Long-term EEG monitoring may also track epilepsy medicine therapy. An insufficient dosage of antiepileptic
medications might hinder epilepsy control. Overuse of medicine might worsen respiratory and cardiovascular
illnesses in patients. Therefore, long-term EEG monitoring is crucial.

3.3 Research Objectives for Monitoring Severe Cerebrovascular Disease

The research comprised 90 severe cerebrovascular accident participants from a university of medicine hospital's
Neurology and Critical Care Medicine Department. The research comprised 42 men and 48 women, 34 of whom
had cerebral haemorrhaging and 56 cerebral infarction. The requirements for exclusion are in Tablel.Telephone
follow-up was typical for 90 days. Death within 90 days ended follow-up, but others continued until discharge 3
months later to evaluate prognosis. Age, gender, elevated blood pressure, blood lipids, brain vessel type, GCS
rating, EEG categorisation, and normal EEG are used to assess patient prognosis. Hospital neurological imaging
diagnoses large-area stroke in patients as the internal carotid artery or middle cerebral arterial main trunks
occlusion or nonspecific cranial vascular infarction. The cerebral infarction exceeds one lobe and is above 5 cm.

Table 1: Importance of Exclusion tabulation

Exclusion . L .
Criteria No. Exclusion Criteria Description
1 Failure to meet fundamental inclusion standards

2 Voluntary withdrawal from treatment upon request by the patient's legal representatives
post-admission
3 Core body temperature (rectal) below 32°C
4 Administration of pharmacological agents that significantly alter cerebral electrical activity
assessment prior to the study

© International Neurourology Journal 389 ISSN:2093-4777 | E-ISSN:2093-6931
DOI: 10.5123/inj.2024.3.inj169 Vol. 28 Iss. 3 (2024)



https://einj.net/index.php/INJ/article/view/641

INTERNATIONAL
NEUROUROLOGY JOURNAL

Presence of severe comorbid conditions or confounding factors impairing neurological
function evaluation (e.g., hepatic encephalopathy, pulmonary encephalopathy, renal
encephalopathy, toxic-metabolic encephalopathy, autoimmune disorders, infectious

pathologies, intracranial neoplasms)

Strong clinical suspicion of cerebral infarction based on neurological examination, but

lacking MRI confirmation
Absence of spontaneous respiration necessitating continuous ventilatory support
Involuntary limb movements interfering with electroencephalographic signal acquisition
Documented history of psychiatric disorders

O[N] O

Patients with intraacerebral haemorrhage were hospitalised because to CT craniocerebral haemorrhage detected
near the basal ganglia.The computer determines the volume of the infarct lesion by adding the thickness of the
septum layer in the photographic information (in cm) by the area of the infarction lesion at every level (in cm2)
determined by brain scan information. A patient's cerebral blood volume is determined using a head MRI or CT
using Tada's maximal haematoma volume formula.

3.4 Monitoring techniques for severe cerebrovascular disease studies

The patient's blood pressure was checked regularly using a mercury sphygmomanometer after arrival.
Hypertensive or individuals have systolic blood pressure levels over 140 mmHg and the diastolic blood pressure
above 90 mmHg, in line with the diagnostic standards.

The latest "Rules for the Control of Dyslipidaemia in The adults in China” divide the patients' lipid profiles into
two categories: a small rise (TC, TotalCholesterol) of 5.18—6.22 mmol/L, and higher than 6.22 mmol/L for
cholesterol (TC) and greater than 2.26 mmol/L for triglycerides. The average concentration of low-density
lipoprotein (LDL) is > 4.14 mmol/L, while high density lipoprotein (HDL) is < 1.04 mmol/L. The included
examples follow Chinese recommendations for cerebrovascular disease prevention and therapy, ensuring
consistent techniques without compromising effectiveness. Patients with cerebral infarction receive antiplatelet
treatment, improved cerebral circulation, lipid reduction, brain cell protection, and dehydration. Patients with
intracerebral haemorrhage undergo minimally invasive haematoma removal within safe time frames, followed by
routine irrigation and needle removal.Thoroughly adhere to study object inclusion and exclusion criteria,
collaborate with EEG specialists, and monitor patient EEG states throughout therapy for accurate data.Patients
are followed up monthly based on their release time, and their recovery is thoroughly assessed based on therapy.
Data collection and processing are rigorously proofread to avoid mistakes from impacting experimental outcomes.

3.4.1 A dense backbone network

Our performance standards are not met by Res Net and VGGNet, prominent backbone networks used to track
severe cerebrovascular disorders. VGGNet has poor extraction of features and high network parameter values
because to restricted layers of network, whereas Deep Res Net offers strong pattern recovery but large network
size and computationally difficult. Meeting real-time monitoring demands is difficult.

In traditional a convolutional neural network architecture, extending network depth improves the extraction of
attributes but reduces data loss via the multilayer system. Training the network is challenging. This is the main
reason conventional networks like VGGNet have limited depth. Res Net uses Skip Connection to directly link
low-level to high-level systems, improving network depth and solving the problem.Research indicates that
discarding certain layers during residual network training might enhance its generalisation abilities.The residual
network structure has some redundancy. As each network layer learns fewer information, fewer parameters may
be utilised for learning. Dense Connectivity (Dense Connectivity) design enables the reuse of features while
reducing network setting parameters and computation comparing to other layered neural networks. Utilising this
structure, low-level network details may be successfully conveyed to the high-level, increasing the network's
depth. Residual and extensive connections have commonalities but also have key distinctions. The distinction
between feature transfer in the residual and highly linked networks will be discussed below. Let y0 be a picture
that uses an L-layer convolutional neural network.

Vi=H.(yi-0) @
Applying a residual connections in Res Net yields the following formula:

Yy =H.(Y—) +yi-1 (2)

In Dense Net, strong connections enhance the flow of data across levels. When the internet connects an extensive
connection, layer | output may be represented as:
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Y, = Hi. [yoy1 - ¥1-1]1(3)

Residual connections combine feature maps from previous and subsequent layers, whereas dense connections
cascade feature maps, keeping output from earlier nodes.

The dense connection block is a unique module in DenseNet. See Figure 3 for an example densely linked block's
interior structure. The Dense Block structure is created by combining fundamental network operators like
convolution and activation functions. We feed each fundamental structure with dense connections. The connection
form is linked to all other fundamental structures. The densely linked block allows each convolutional layer to
learn fewer features with smaller convolution kernels. The final layer summarises and outputs the information
learnt by each layer. This feature enables Dense Net to learn complex features with minimal parameters and
computations.

Densely linked blocks may be added to the backbone network architecture to minimise the number of
parameters.To prevent feature map size inconsistencies during splicing, highly linked networks often include
many densely connected blocks. Each densely linked block has the same feature map output size for each layer.
Downsampling alters the size of the feature map. Figure 4 illustrates a typical highly linked network configuration.

3.4.2 Network Backbone Design

The densely linked network offers good feature extraction with minimal parameters and computations. For
continuous brain imaging of severe cardiovascular sickness, this study creates F-Dense Net, a fast thick
connections networks leveraging algorithms underpinning network structure dense connecting bricks. F-Dense
Net has a shortened Stem block, four densely connected blocks, and three conversion layers. After the initial input
layer, a Dense Net has a convolutional component with 7 kernels and 2 steps, an aggregate kernel of 3, and an
optimal values pooled of 2. The structural stem block may maintain input picture data by substituting the first two
Desne Net levels. The Trunk block keeps more original data than the Dense Net arrangement but needs more
calculations. After evaluation, we combined a 7x7 cross-convolution having a step dimension of 2 in the
conventional Desne Net and a 2x2 largest pooling with a phase value of 2 in the Rooted blocks. It estimates and
lowers loss of data when compared with normal architectures.

Figure 3: Dense connecting block model
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A conversion level among densely connected blocks replaces pooling down samples. A 1x1 convolution layer and
2x2 pooling maximum make up the conversion layer. The densely connected block feature map has greater
channels than the 1 x 1 convolution layer. Condenses network characteristics & merges channel attributes. Optimal
pooling down samples the feature mapping while preserving local patterning elements superior to average. Classic
thick networks use Re LU as the activation function. The advantages of Re LU over Sigmoid and Tanh are
significant. The Re LU activation function also confronts expiring Re LUs. A network's Re LU activating function
will always be muted if certain neuronal networks learn a large negative variation term after back propagation,
making its input to be less than 0. The system cannot acquire properties on these nodes since the gradient of them
is always 0. Multiple nodes slow learning, reducing extraction of features and expression.The SELU activation
process self-stabilizes. The SELU formula is:
yy>0
selu(y) = A {a.ey Zay<0 4)

SELU self-stabilization prevents network gradient dispersal and vanishing. SELU avoids Re LU's node death by
having gradients other than negative when the input parameter equals 0. Our investigation found that SELU
surpasses Re LU and Leaky Re LU in F-Dense Net activating. SELU has several advantages: Deep convolutional
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neural networks, also benefit greatly from SELU's ability to reduce gradients scatter and disappearing. Re LU's
dead zone has been removed, enhancing their potential.

3.4.5 Multi-scale networking

Analysing attributes on each level individually improves monitoring precision for serious neurological conditions
using the feature imaging tower technique. Repetition of calculations during training increases time and
computing resource utilisation. Testing with the characteristics of the picture pyramids solo may generate learning
discrepancies. The pyramid-based feature organisation technique predicts the layer of network properties at
different sizes without calculations. Pyramids feature architecture lacks multi-level component convergence. Lack
of fundamental traits on a hallmark map for small-scale chronic cerebrovascular conditions may lead to poor
semantics and misdetection.

The unique multi-scale extraction of features method Feature Pyramid Network (FPN) is introduced in this paper.
FPN adds low computational demand for multi-level feature combinations. A multi-scale feature expressive
multilayered neural networks is created by adding the FPN architecture to the F-Dense Net network design.
Bottom-up route, top-down path, and lateral connectivity comprise FPN construction. Three lines of
communication allow the FPN infrastructure to combine and retrieve multi-level features.The symmetrical
connection allows the neural network to merge high-level and low-level mappings of features, allowing for
forecasting on various levels. The previously top-down route is more conceptual data, while the bottom-up path
has less linguistic data.

This research presents FPN, based on F-Dense Net, to enhance network structure and enable three-scale
prediction. See Figure 5 for the particular structure. The bottom-up route is the propagation forward method for
F-Dense Net, whereas the top-down path is via the final tier. Semantic data generation is most abundant. After
sampling high-level feature maps, the bottom-up path mesoscale is used. Matching maps of attributes are
integrated using longitudinal and vertical links. In a feature pyramids the network, layers with a comparable output
map feature size are at the same point in time, and each step may generate an independent characteristic map for
monitoring. In F-Dense Net, each densely linked block has an identical output feature map dimensions, making
all layers in the block part of the identical phase in the feature map pyramid. We use the output of the finalised
layer made up of densely linked blocks from the remaining two, third, and forth blocks as a model for the
characteristic map. The final layer of tightly linked blocks contains the learnt characteristics of all levels and the
most meaningful information.

The network in this research uses the closest neighbour algorithm to up-sample the feature map, with a multiple
of 2. We also made enhancements to the FPN technique. The classic feature pyramid horizontal interconnection
involves matching the amount of bands in two feature maps and adding pixels to each channel to create the finished
map. This study utilises several horizontal connecting strategies to combine the properties of densely linked
networks.

The feature mapping cascades approach in dense connections merges two map representations into a single one
with the same size and dimensions as the total of their dimensions. A superior feature map maintains details from
both maps. The new feature mapping is followed by a 1 x 1 convoluted layer. On one side, it reduces aliasing from
upsampling. This method enhances channel feature fusion while lowering networking computations and variable
count.

3.4.6 Spatial Pyramids Pooling

Investigation indicates that MF-Dense Net's multi-scale feature amalgamation mostly focusses on global traits
across convolutional layers, resulting in ineffective collection of specific characteristics within the same layer. We
suggest an enhanced spatial pyramidal pooling mechanism to address this issue.

Spatial pyramidal pooled generates fixed-size results from all input sizes. Typically, spatial pyramid pooled
connects the last convolutional component to the entirety of the layer to match the size specifications of the input
information. The geographic pyramid pooling structure generates three include maps: 4 *4 *d,2 *2 *d, and 1 *
1 * d. These maps are transformed into a 1-dimensional vector machine and sewed together, resulting in an output
of 1 x 1 x21d.

The spatial pooled tower creates broad regional data based on a single component of mappings of features using
characteristics of several core sizes. Traditional spatial pyramidal techniques send one-dimensional vector of
features map information to the entire connected layer, and which is unsuitable for our method. A geographical
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pyramidal strategy is used to create three-dimensional maps of characteristics in this work.Advanced geographic
pyramidal pooled involves mixing incoming map representations with various core sizes. Traditional spatial
pyramidal pool involves a step size higher than 1, which downsamples the feature map. This enhanced technique
uses a step size of 1 for every one of the layers. The pooling core size may be adjusted to 1, 1/2, or 1/3 times the
map's characteristic edge length (rounded up for non-integers). After using the greatest amount of collecting, the
combining form creates another feature map with the same size (w x h x d) and propagates these three illustrations
in the same orientation to create a 3D characteristic connect by fusing multi-scale local area features.We
implemented a spatial pooled pyramids module beyond the final densely linked block in MF-Desne Net. After
reducing the size of the feature database generated by the last component of MF-Desne Net using 1 x 1
convolution, which is we feed it into the modified spatial pyramids pooled framework to create an entirely novel
map with multi-scale regional characteristics. Real parametric reduction and multi-channel in nature combining
features of the resulting map of features follow, using 1 x 1 convolution. For the monitoring sub-network, the
attribute map will be combined with the initial MF-Dense Net output and reduced to 512 degrees using 1 x 1
convolution. A spatial pooling pyramid topology enhances the fundamental the system, enabling multi-level and
multi-scale local feature nuclear fusion, providing additional data to enhance item surveillance reliability.
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Figure 6: Reconstruction diagram
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Figure 7: ROC curve for APACHEII1, 2, and 3 death risk prediction

Figure 8: Visualising severe cerebral illness using multi-scale fluid brain scans. Imaging expression of
serious stroke in 18 h, 36 h, 54 h, and 72 h brain imaging
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3.4.7 Enhanced Use of Low-Level Features

After observing the architecture of MF-Dense Net, we discovered that the initial densely linked block's mapping
of features output is not completely used in extracting features. Due to the high number of small-scale severe
cerebrovascular diseases in dynamic brain images, multi-layer convolution operations may lose information,
making monitoring difficult. Densely connected blocks produce feature maps with more detailed information and
low-level features, potentially revealing more patterns. Hence, enhancing low-level characteristics enhances
monitoring of small-scale severe cerebrovascular disorders and enhances positioning accuracy. To fully use the
feature map data, we explored various perspectives. Adding an additional feature image to the top-down route
significantly enhances computation and surveillance performance, while the third characteristic map remains up-
sampled. The characteristic fusion approach requires more computations, and the aliases effects from continuous
increased sampling may reduce the usefulness of the high-level map of characteristics.To avoid upsampling the
third characteristic map, we integrate the result of the first sparsely linked block by horizontal connections.

Due to varying feature map sizes, the first sparsely linked block outputs four times the area of the second map in
the top-down route. Exact horizontal connectivity thus requires numerous map features of the identical size.
thereby, integrate the two feature maps together by converting the bigger map to the dimensions of the shorter
map. While downsampling approaches like pooling may decrease the feature graph size, they usually result in loss
of low-level detailed data. We utilise the Reorg Layers to rebuild the feature map and modify its size, then fuse it
using horizontally links to retain basic data from the initial densely linked block.

The rebuilding procedure alters feature map area without destroying information. The rebuilding procedure is
shown in Figure 6. With a step size of 2, the reconstruction layer may turn a 2w+*2h*d feature map inputs into a
4d information mapping outputs. Altering the characteristic map size via the reconstruction process layer
maintains more low-level features, making it better to observe small-scale severe neurological conditions in
comparison to down-sampling with the pooling layer in place. Additionally, these low-level features include
additional location data.

Experimental Assessment of surveillance and prognostic of severe cerebral vascular
disease.

In the individuals who died group, APACHEII1, 2, and 3 levels were considerably greater than in the survival
condition (p < 0.01). The APACHEII change frequency was significantly higher in the surviving category
compared to the dying group (p <0.01). APACHEIII has an AUR of 0.22, APACHEII2 has 0.83, and APACHEII3
has 0.54, as seen in Figure 7.

APACHEII1 and 2 had improved accuracy in predicting patient prognosis, with APACHEII2 having the highest

accuracy.
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Figure 9: The APAHCEII1 score predicts overall and actual mortality
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Overall patients' APACHEII1, APACHEII2, and APACHEII3 were split into cut-off values of 19, 19, and 17.
High-risk groups have scores exceeding the cut-off number, whereas low-risk groups have scores the disparity
was of statistical significance.

Patients with an upward APACHE II trend within 72 hours were classified as high-risk, whereas those with a
descending trend were classified as low-risk. A death rate of 67.86% was seen in the high-risk group, compared
to 17.70% in the low-risk group. The group at greatest risk had a much higher fatality rate. substantial variations
were found between the two groups.

Figure 8 illustrates the images of severe cerebrovascular illnesses using multi-scale static imaging of the brain.
APACHEII1 score correlates with patient prognosis (r = -0.47, p < 0.01). APACHEII1 level predicts greater death
rates for serious cardiovascular illness than actual death (Figure 9).
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Figure 10: AAPAHCEII2 score predicts overall and actual mortality
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Figure 11: APAHCEII3 score predicts overall mortality and specific mortality.

greater scores mean greater mortality. Figure 11 reveals that the anticipated APACHEII3 value for overall
mortality is greater than the actual rate.

4.1 Link Between APACHEII Score and Severe Cerebral Haemorrhage

The death group had significantly higher APACHEII1 to APACHEII3 scores compared to the surviving group (p
< 0.01). The surviving group had a significantly larger change rate of APACHEII compared to the death group (p
< 0.01).The Youden index scores for APACHEII1, APACHEII2, and APACHEII3 are 18, 19, and 18 percentage
points, accordingly. Patients with severe intellectual haemorrhage receive greater evaluations in the first 24 hours
after enrolment to the NICU, with a subjective score above 19. The result does not drop beneath 18 points in the
third 24 hours, demonstrating an elevated rate of death.
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Figure 13: Connection between APACHEII1 and severe cerebral haemorrhage mortality

APACHEII1, APACHEII2, and APACHEII3 were separated into cut-off values of 18, 19, and 18 for the total
patients. Groups with scores > the cut-off number are considered high-risk, while those with scores < it are
considered low-risk. The high-risk group has a much greater mortality rate. The low-risk group showed a
substantial difference between the two groups.
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Figure 14: In severe cerebral haemorrhage patients, APAHCEII2 predicts morbidity and actual mortality.

© International Neurourology Journal 397

DOI: 10.5123/inj.2024.3.inj169

ISSN:2093-4777 | E-ISSN:2093-6931
Vol. 28 Iss. 3 (2024)



https://einj.net/index.php/INJ/article/view/641

INTERNATIONAL
NEUROUROLOGY JOURNAL

0.95 T T T T T T
=M= Predict fatality rate
0.9 { . { ! - Actual fatality rate

Casza fatality rate

{I 55 ' L L L '
0 5 10 15 20 25 30

Score
Figure 15: APAHCEII3 predicts cerebral haemorrhage mortality and actual mortality

100 T T I

]

[ I
a0 : . : - [IDeath

-SLnli'.lE
EJ"] - ! 4 4 4 =
Tol- : - : - -
B0 ' 1 i 1 y
40~ ] - -
3|:| - 4 =
m - 4 =
10 | -

0

8EEG classification EEG Young grading GCS score  aEEG combined with Young
Forecast content

Forecast accuracy/%
&
1

Figure 16:Comparing assessment methodologies with prognostic logistic regression analysis.
The APACHEIII score is associated with the outcome of patients (r = -0.65, p < 0.01). increased scores indicate
higher mortality risk. In the end, the APACHEII1score predicts an inferior major cranial bleeding mortality rate
then real (Figure 13).

The APACHEII2 score is linked to patient outcome (r = -0.78, p < 0.01). Greater APACHEII2 values increase
mortality. The expected mortality rate for major cerebral bleeding with APACHEII2 rating < 30 points remains
considerably lower than the genuine rate. In Figure 14, the genuine death rate is lesser than the expected rate
above 30 points. APACHEII3 score correlates with the patient's outlook (r = -0.72, p < 0.01). The anticipated
mortality rate for major frontal bleeding is usually lower than the actual rate when APACHEII3 is below 24.Figure
15 shows a lower mortality rate than expected at 24—26 points.

Logistic regression is a Evaluation Method Comparing and ForecastThe logistic regression technique was used to
classify and prognose ambulatory electroencephalograms, and the y 2 test of the model's regression equation
showed substantial fit (P = 0.004). Logistic regression investigation revealed that EEG categorisation had 100%
accuracy for survival, 42.5% for death, and 87.1% for complete prediction. Using logistic regression evaluation,
the Young grading and prediction of EEG were analysed. The regression equation model fit was excellent and
significant (P = 0.003). The logistic regression research revealed 97.7% accuracy in EEG Young categorisation
for survivor prediction, 58.9% accuracy in death prognosis, and 89.1% accuracy in complete prediction.

A logistic regression analysis was conducted on GCS score and prognosis. The regression model's model fit was
verified by y 2 (P =0.016), suggesting reasonableness and significance. Logistic regression study revealed 97.2%
accuracy for GCS score in survival prediction, 13.9% accuracy in death prognosis, and 79% accuracy in complete
prognosis (Figure 16). The findings indicate that aEEG and EEG Young classifications are more accurate than
GCS score in prognostic judgement, and combining them may enhance prediction accuracy.
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Conclusion

Assessing the prognosis of severe cerebrovascular illness is crucial for effective treatment and reducing the high
disability and fatality rates. In today's advanced imaging technology, most cerebrovascular illness patients undergo
cranial CT or MRI for objective prognostic assessment. The association between long-term EEG classification,
characteristic EEG arrangement, and patient outlook is examined to give an objective clinical method for
diagnosing severe stroke sufferers. Multiscale dynamic brain imaging is used to extract characteristics to monitor
severe ischaemic disorders. Multi-scale fusion of their features is recommended to more closely track severe
cardiovascular conditions due to large-scale modifications and varied dynamical brain imaging characteristics.
We created F-Desne Net, a fast, dependable dense connection infrastructure. We constructed a serious brain
disease model utilising multi-layer fusion characteristics and multi-scale feature representations using
sophisticated method of feature extraction and gold tower network structure. MFDesne Network provides fast and
precise end-to-end dynamic cerebral imaging surveillance for serious cardiovascular conditions MDRD.
Additionally, we developed a better approach using MDRD. increased feature pyramid pooling enhances multi-
scale local feature fusion, while increased low-level features boost picture extraction and detail. The enhanced
technique enhances MDRD monitoring performance. The deceased group had higher APACHEIII, 2, and 3 values
than the survival group. The survival cohort showed a higher APACHEII fluctuation rate than the mortality group
(p < 0.01).Prognosis-related APACHEII stages. APACHEII reliably predicts severe cardiovascular disease
prognostic and risk of death in the clinic. A dynamic monitoring of APACHEII score changes is important for
predicting and assessing severe cerebrovascular illness in neurology.
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