🧠 CMS Coding Changes Mining
Logic, Formulas & Technical Architecture Documentation
This document formalizes the computational logic, financial modeling, and AI architecture powering the CMS Coding Changes Mining & Automation Platform within the Streamlit application.
The objective is to provide audit-ready transparency into how revenue impact, denial risk, and compliance readiness are calculated.

1️⃣ Executive Scorecard
Revenue Impact Simulation & Organizational Readiness
The Executive Scorecard models how upcoming CMS 2025 regulatory changes affect historical claims performance and departmental preparedness.

📊 Compliance Readiness Index
Formula

Where each service line score is derived from:
· Clinical documentation specificity
· CDM configuration alignment
· Historical charge capture rate
· Packaging compliance adherence
	Readiness Level
	What It Really Means

	High
	“We will get paid correctly.”

	Moderate
	“We may get paid, but expect friction.”

	Low
	“We are about to lose money.”



Risk Threshold Logic
	Score Range
	Risk Classification
	System Action

	80%+
	Operationally Ready
	Monitor

	60–79%
	Moderate Risk
	Recommend targeted CDI audit

	<60%
	High Denial Exposure
	Trigger automated remediation workflow



Business Impact
If a service line falls below 80%:
· AI generates Clinical Documentation Improvement (CDI) tasks
· Flags potential APC bundling non-compliance
· Escalates to Revenue Integrity for intervention
This prevents downstream billing backlogs and reimbursement delays.

2️⃣ Denial Risk AI
Pattern-Matching & Predictive Rejection Modeling
The Denial AI engine identifies structural mismatches between historical billing behavior and 2025 CMS packaging rules.

Core Detection Logic
High-Risk Pattern:
· High density of “Pass-Through” HCPCS codes
· 2025 rules mandate bundled APC packaging
· CDM not updated to reflect packaging status
Denial Risk Indicator
If:

AND

→ Flag claim cluster as Denial-Prone

Financial Consequence
Without intervention:
· Automatic claim downcoding
· $0 reimbursement
· Step-down payment adjustment
The AI preemptively flags these exposures before submission.

3️⃣ CMS Rule Mining
HCC (Hierarchical Condition Category) Weight Shift Analysis
This module tracks risk adjustment reimbursement shifts across CMS rule years.

Weight Change Calculations


Visualization Logic
📈 Scatter Plot Model
· X-Axis → Old Weight
· Y-Axis → New Weight
The diagonal reference line:

Interpretation:
· Points below the line → Decreased reimbursement weight (At-Risk population)
· Points above the line → Increased reimbursement opportunity
· Points far from the line → High volatility codes requiring strategy review

4️⃣ Agentic AI Architecture
LangGraph + OpenAI Robust RAG Framework
The Agentic Reasoner operates on a structured Retrieval-Augmented Generation (RAG) architecture.

🔄 Pipeline Logic
1. Regulatory Specialist Agent (Vector Retrieval Layer)
· 200+ CMS rules embedded using OpenAI Embeddings
· Stored in a persistent FAISS vector database
· Query triggers:
· Semantic Similarity Search
· Top-3 contextual rule retrieval

2. Finance Analyst Agent (Quantitative Layer)
· Consumes retrieved rule context
· Performs revenue simulation against claims.csv
· Calculates:
· Payment deltas
· Denial probabilities
· Volume-weighted impact

3. CDI Workflow Lead Agent (Operational Layer)
· Converts regulatory + financial insight
· Into documentation and CDM remediation steps
· Generates structured action plans

💾 Persistence & Checkpointing
· MemorySaver: Maintains multi-turn conversation state
· LangGraph State Management: Enables controlled agent execution paths
· Graph Visualization: Real-time rendering of agent execution within the UI

5️⃣ CDM Auto-Sync
2,500+ Record Batch Audit & Revenue Reconciliation
A large-scale automation engine for Temple’s Chargemaster governance.

Financial Reconciliation Formula

Where:
· Risk Value = $0 if denial-prone
· Target APC Value = Compliant packaged reimbursement

Batch Logic
· Scans 2,500+ CDM records
· Detects packaging conflicts (e.g., high-cost implant HCPCS codes)
· Flags legacy Pass-Through entries
· Maps to compliant Packaged status

State Transition Model
	Legacy State
	2025 Required State
	Financial Result

	Pass-Through
	Packaged
	Recovered APC Fee

	Misaligned
	Bundled
	Prevented Denial

	Non-Compliant
	Corrected
	Revenue Stabilized



6️⃣ End-to-End Financial Objective
The system operationalizes:
Regulatory Change → Risk Detection → Revenue Modeling → Automated Remediation
With measurable outputs:
· Denial reduction
· Recovered reimbursement
· Compliance acceleration
· Improved Day-1 billing success

7️⃣ Technical Stack Overview
	Layer
	Technology

	Dashboard UI
	Streamlit

	Visualization
	Plotly (Interactive Charts)

	Machine Learning Engine
	Scikit-learn (Pre-trained Random Forest)

	Agentic Orchestration
	LangGraph

	LLM Reasoning
	OpenAI

	Embeddings Engine
	OpenAI Embeddings

	Vector Database
	FAISS



