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Background: Deep learning models 

excel in sMRI analysis for 

Alzheimer's disease (AD) but 

operate as opaque "black boxes". 

The Problem: Classifiers suffer 

from overconfidence on ambiguous 

Mild Cognitive Impairment (MCI) 

cases, causing silent clinical failures. 

Passive XAI cannot actively 

intercept errors. 

Objective: We propose a Neuro-

symbolic Agentic Framework that 

decouples statistical perception 

from symbolic reasoning to act as 

an active safety net. 

Clinical Dataset (N = 123): Real-

world sMRI neuroimaging cohort: 

Normal Control (NC; N = 36):

Cognitively unimpaired subjects. 

Alzheimer's Disease (AD; N = 21):

Diagnosed probable AD patients. 

Mild Cognitive Impairment (MCI; N = 

66): Unseen intermediate cohort. 

Perception Layer: A hybrid CNN-

RF pipeline trained on NC vs. AD 

baseline to build clear decision 

boundaries, outputting uncertainty 

(U) and confidence (C). 

Baseline Performance: Achieved 80.70% binary accuracy
and 88.89% specificity on clear NC/AD cases (N=57). 

MCI Safety Interception: Successfully flagged and routed 
89.39% (59/66) of unseen, ambiguous MCI cases for 
intensive agentic auditing. 

Workstation Latency: Average execution time of 33.62 
seconds per subject (17.0 reasoning steps) on a local 
NVIDIA RTX 5090 Laptop GPU. 

Preventing False Positives (Subject-0116): . 

Classifier predicted AD with high confidence (C = 0.82). 

The Safety Auditor detected preserved anatomical 

volumes (|Z| < 2.5), triggered a discrepancy alert, and 

blocked the error.

Catching Missed Diagnoses (Subject-0009):

Classifier misclassified an MCI patient as Normal 

Control. Elevated uncertainty (U = 0.55) triggered a 

safety audit, capturing subtle temporal atrophy (Z = 

1.48). 
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METHODS

INTRODUCTION METHODS RESULTS CONCLUSIONS

A decoupled Neuro-symbolic Agentic framework provides an automated clinical safety net, identifying 89.4% of ambiguous MCI 

cases by auditing neural predictions against anatomical logic.

Reasoning Layer: Dual-LLM agents 

replicate clinical consultation: 

Orchestrator (Phi-4-mini): Triggers 

simulation if Uncertainty > 0.6. 

Safety Auditor (Llama-3.1-Aloe-8B):

Audits predictions against Z-scores.
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Context Layer (MCP): Standardizes 

interface interactions via Model 

Context Protocol to translate agent 

reasoning into deterministic tool 

calls. 

Knowledge Layer: Hosts an 

anatomical knowledge graph via 

Neo4j for GraphRAG context 

retrieval. 
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