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Brain death is a critical condition that marks the irreversible cessation of brain
function, typically associated with significant trauma or medical emergencies.
However, the accurate detection of brain death remains a challenge due to the
complexity of neurological assessment and diagnostic precision. Recent
advancements in Generative Artificial Intelligence (GenAl)with Large Language
Models have shown promise in tackling complex medical diagnostics. This study
presents an innovative approach utilizing GenAl LLM for real-time detection
and recovery planning in brain death cases. By integrating neuroimaging data,
electrophysiological patterns, and patient histories, GenAl applications can
enhance decision-making for clinicians. Our methodology outlines a framework
for detecting brain death and proposes neuro-restorative strategies to improve
patient outcomes in marginal cases. Preliminary results indicate high accuracy in
detection, alongside innovative recovery suggestions generated by the Al. The
paper concludes by highlighting the implications of GenAl LLM in advancing
critical care and neurological rehabilitation.

Keywords: Brain Death & Recovery, Neuro-restorative strategies, innovative
recovery suggestions, neuro-palliative care.

1. Introduction

Brain death is defined as the irreversible loss of all cerebral and brainstem functions. It is a
pivotal diagnostic in critical care, serving as the benchmark for organ donation eligibility and
life support termination decisions. Traditional methods rely on neuroimaging,
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electrophysiology, and clinical examinations, which can sometimes result in ambiguities,
particularly in borderline cases.

The emergence of Generative Artificial Intelligence (GenAl) has opened new avenues in
medical diagnostics and therapeutics. GenAl's ability to process and analyze multidimensional
datasets at scale offers a paradigm shift in the approach to brain death determination. By
leveraging deep learning algorithms and neural network models, GenAl can identify subtle
patterns within neuroimaging scans and electrophysiological data that may escape human
observation.

1.1 Objectives
This study aims to:
1. Develop a GenAl-LLM based framework for brain death detection.

2. Explore the potential for recovery planning in cases where neurological restoration
might be possible.

3. Evaluate the system’s accuracy and reliability through simulated and real-world
datasets.

2. Review of Literature

[1JAn ensembled artificial neural networks (EANN) model was used for brain death
prediction. The experimental study focused on the severe head injury patients with different
levels of Glasgow Coma Scale (GCS) in the neurosurgical and traumatic intensive care unit
(ICU) of National Taiwan University Hospital (NTUH) in Taipei. Two prediction models were
developed with equipment in ICU including the physiological signal monitor, pressure model,
data acquisition card and portal computer. (Quan Liu,2011).[2]A machine learning-based
logistic regression modeling was created based on intracranial pressure (ICP), mean arterial
pressure (MAP), cerebral perfusion pressure (CPP) and Glasgow Coma Scale (GCS) to predict
30-day mortality. In this study based on only three and four main variables, they discriminated
between survivors and non-survivors with accuracies up to 81% and 84%. (Raj,2019).[3] This
study aimed to use machine learning algorithms of artificial intelligence (Al) to develop
predictive models for Traumatic brain injury (TBI) patients in the emergency room triage. In
this study 18,249 adult TBI patients were used in the electronic medical records of three
hospitals of Chi Mei Medical Group from January 2010 to December 2019, and undertook the
12 potentially predictive feature variables for predicting mortality during hospitalization. Six
machine learning algorithms including logistical regression (LR) random forest (RF), support
vector machines (SVM), LightGBM, XGBoost, and multilayer perceptron (MLP) were used
to build the predictive model. The results showed that all six predictive models had high AUC
from 0.851 to 0.925 (Tu,2022).[4]Machine learning models were developed to predict stroke
prognosis with the highest accuracy and to identify heterogeneous treatment effects of warfarin
and human albumin in stroke patients. This study showed that the use of the ML method helps
predict death after a stroke and this study achieved the highest AUC of 0.9217.
(Zhu,2023).[5]A Machine learning model for TBI outcome prediction, was developed with
comparison of nine algorithms: ridge regression, LASSO regression, random forest, gradient
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boosting, extra trees, decision tree, Gaussian naive Bayes, multinomial naive Bayes, and
support vector machine. Fourteen feasible parameters were introduced in the ML models,
including age, Glasgow coma scale, systolic blood pressure, abnormal pupillary response,
major extracranial injury, computed tomography findings, and routinely collected laboratory
values (glucose, C-reactive protein, and fibrin/fibrinogen degradation products). Data from
232 TBI patients were used. The bootstrap method was used for validation. Random forest
demonstrated the best performance for in-hospital poor outcome prediction and ridge
regression for in-hospital mortality prediction with 91.7% accuracy and 88.6% accuracy, and
0.875 AUC, respectively. (Kazuya,2020).[11] The study classifies the blood smear images
using CNN Models [12] The study explains the crow intelligence using Al [13] The study
detects the intima media thickness of the carotid artery which used to detect the thickness of
tumor.

2.1 Table - Reviews from Medical Journals

Year Author Model Outcome

2022 Gajra A, Zettler ME, Miller KA, et al[6] Augmented intelligence-cancer | Identifying patients at high or
patient medium risk for short-term

mortality

2021 Murphree DH, Wilson PM, Asai SW, et al[7]. Predictive ~ modeling  and | A machine learning model has
healthcare informatics been successfully integrated

into practice to refer new
patients to personal care.

2023 Wilson PM, Ramar P, Philpot LM, et al.[8] Artificial intelligence decision | A tool with decision support
support tool on palliative care | integrated into palliative care
referral in hospitalized patients | practice and leveraging AI/ML

among hospitalized patients
and reductions in
hospitalizations.

2018 Walshe C, Todd C, Caress A, Chew-Graham C[9] A literature Review Review recent literature to
identify whether such
variability remains.

2016 Rosenwax L, Spilsbury K, McNamara BA, Semmens | Specialist palliative care tool | Life  limiting  conditions

JB[10]

initiated in the last year of life

HIV/AIDS initiated

3. Methodology:
1. Data Collection & Implementation Steps

Input Data Set

o Neuroimaging Data (MRI, CT, PET)

o Electrophysiological Data (EEG, Evoked Potentials)

o Patient Medical Histories

Actions:

o Aggregate data from hospitals, critical care units, and anonymized repositories.
o Preprocess the data:
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Standardize formats.
Clean noise from EEG signals.
Impute missing data using Al models.

Output:

o
2

o

@)

A clean, unified dataset ready for Al model training.
. GenAl Model Development

Input:

Preprocessed multi-modal datasets.

Actions:

Design a multi-modal transformer model to integrate neuroimaging and

electrophysiological data.

o

Train the model on labeled datasets:
Brain death confirmed cases.
Non-brain-death critical cases.
Healthy control samples.
Evaluate performance using metrics (sensitivity, specificity, F1-score).
Output:
Trained GenAl model capable of detecting brain death
. Brain Death Detection
Input:
Patient-specific neuroimaging, EEG, and clinical data.
Actions:
Input the data into the trained GenAl model.
Perform feature extraction:
Assess cerebral blood flow, brainstem reflex activity, and cortical patterns.
Classify the state:
Confirmed Brain Death.
Probable Brain Death.
Non-Brain Death (Critical Care Needed).
Output:
Real-time diagnosis and classification results.
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4. Recovery Potential Analysis

° Input:

o Cases classified as "Probable Brain Death" or borderline critical.

° Actions:

o Simulate recovery scenarios using Generative Al:

. Model neuroplasticity.

. Recommend interventions (e.g., hypothermia, neural stimulation, or drugs).
o Generate a ranked list of recovery plans based on efficacy simulations.

° Output:

Actionable recovery strategies for clinicians.
5. Validation and Clinical Deployment

° Input:

o Al-generated results and recovery plans.

° Actions:

o Validate results with a multidisciplinary clinical team.

o Cross-check Al outputs with existing standards and medical expertise.

o Deploy GenAl system in critical care units for real-time application.

° Output:

o Al-assisted decision-making system for brain death detection and recovery planning.
. Probable Brain Death.

. Non-Brain Death (Critical Care Needed).

3.1 Visualization of the GenAl Workflow

e

Al Modal Opinion
a
&
G ® =@

Age,GenderHealth Medical
= Death, blood Delare
lssues iy Pressure e o

(&
Dataset:blow.
pressure,organ
functions,GCS
support

\ \ l

Ventilator No Ventilator
support support

ventilator

Nanotechnology Perceptions Vol. 20 No.7 (2024)



GenAl Chatbot for Neuro-Palliative Care... Lakshmi Devi. R et al. 3316

3.2 Classification diagram of Detection, Diagnosis & Recover from brain death

3.3 Implementation
3.3.1 Dataset
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3.2 GenAl-LLM Chatbot Functionality

( & Brain Death.ipynb

File Edit View Insert Runtime Tools Help All changes saved

+ Code + Text

© ¥ Chatbot Functionality

Q def chatbot():
print(" @ Brain Death Detection and Recovery Chatbot @")
g} print("Type "exit' to quit.")
while True:
o) user_input = input(*\nHow can I assist you today? ").strip().lower()
[} if user_input "exit":
print("Thank you for using the Brain Health Chatbot. Stay safel")
break

elif "analyze patient” in user_input:
patient_id = input("Enter Patient ID: ").strip().upper()

if patient_id in patients:
patient_data = patients[patient_id]
print(f"\nAnalysis for Patient {patient_id}:")
= print(f"- Neuroimaging Score: {patient_data['neuroimaging_score']}")
print(f"- EEG Activity: {patient_data['EEG_activity']}")
print(f"- Medical History: {patient_data['history']}")
print(f”- Condition: {patient_data['state’']}")

3.3.3 GenAl-LLM Chatbot Functionality - Input & Output

<>

( & Brain Death.ipynb

File Edit View Insert Runtime Tools Help Al

+ Code + Text

nistory : nistory;
© "state": state
Q }

print(f"Patient {patient_id} added successfully. Condition: {state}")

else:
o print("I'm sorry, I didn't understand that. You can ask to ‘analyze patient’ or "add patient’.

# Run the chatbot

O if _name__ == "_
chatbot()
5% @ srain Death Detection and Recovery Chatbot @

Type ‘exit' to quit.

How can I assist you today? patient
<> I'm sorry, I didn't understand that. You can ask to 'analyze patient' or 'add patient’.

= How can I assist you today? analyze patient
Enter Patient ID: 1
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3.3.4 Validation

Confusion Matrix of Logistic Regression Model
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4, Conclusion:

This study demonstrates the potential of GenAl applications in transforming the landscape of
brain death detection and recovery planning. By integrating complex datasets, the proposed
framework offers superior diagnostic accuracy and innovative recovery insights. While the
technology is still in its infancy, its implications for critical care are profound, particularly in
improving decision-making and patient outcomes. By this proposed system the potential for
recovery planning helps neurologists to decide with alternate solutions. This model evaluates
the system’s accuracy and reliability through simulated and real world datasets. Future
research should focus on clinical trials and the ethical considerations of deploying GenAl in
life-critical scenarios.
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