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Background

Solid-organ transplantation is a complex, life-saving procedure; donor organs are scarce and outcomes depend on interacting 

donor, graft, recipient and peri-operative factors.

National registries (in the UK, NHS Blood & Transplant) record only high-level structured data in bespoke models — limiting linkage 

to granular EHR data and to external datasets such as HES.

Transforming this data to the OMOP Common Data Model would create an internationally recognised standard for transplant 

research, audit and benchmarking.

Registry volume prohibits manual mapping — so we developed an AI-assisted (agentic) mapping approach.

An Extended Target Schema

End-to-End Agentic ETL Pipeline

1

Source registry data (NHSBT)

Identifier variables removed & hashed; data profiled with ydata-profiling to infer variable types.

2

PII sandbox → LinkML source schema

schema-automator builds the LinkML schema inside a data-egress sandbox. Only schema metadata leaves — never patient rows.

3

Agentic mapping (LinkML MCP)

Claude Sonnet orchestrates parallel GPT & Gemini agents (via Paseo); a FastMCP server constrains structure and validates the 
LinkML.

4

Grounding: Hecate + convention resources

Semantic OMOP concept search (Hecate) grounded in OMOP CDM v5.4 + THEMIS + project conventions served as MCP 
resources.

5

LinkML-map transform → PostgreSQL + docs

Compiled to SQL for a PostgreSQL OMOP warehouse; gen-doc emits a documentation site with mapping diagrams.

Inside the MCP: mapping one variable

Worked example — source field DON_NA “Donor serum sodium at retrieval”

1
Sandbox protects PII

build_schema_from_data profiles the source under a data-egress sandbox: free-text / high-cardinality columns are demoted 
to string and rare enum values dropped, so PHI never enters the schema. Source files stay read-only — only names, 
descriptions, types & code lists reach the LLM.

2
Grounded in conventions as resources

Mapping is grounded in OMOP CDM v5.4, ratified THEMIS conventions and project-specific rules — all served as searchable MCP 
resources, so the agent consults them rather than guessing.

3
Semantic concept search on Hecate

The agent interprets the variable name + description and emits separate concept / value / unit queries, searching semantically 
on Hecate. Best candidate wins (standard > non-standard > 0), with hierarchy fall-back to the nearest standard parent.   →
Sodium, serum

4
Fields generated from the concept type

The field role is classified (NUMERIC_MEASUREMENT), and the MCP emits the correct OMOP fields for that type — routing to 
TRANSPLANT_MEASUREMENT with measurement_concept_id, value_as_number, unit_concept_id (mmol/L, read from the 
description) and measurement_date / _datetime.

5
Free text kept as source value

Columns demoted to free text (e.g. a donor cause-of-death narrative) are preserved verbatim as *_source_value strings —
retaining the original wording without exposing structured PHI.

Results

2,378

source variables

89.1%

mapped to OMOP

1 wk

end-to-end mapping

3

extension tables

Of 2,119 mapped variables:

Existing OMOP Concept IDs 48.9% n=1,163

Custom concept IDs assigned 40.2% n=956

Identifying / not required 10.9% n=259

All LLM outputs were valid LinkML/YAML and generated a valid PostgreSQL OMOP database plus a live documentation site (QR, below).

Conclusions

Agentic LLM workflows can dramatically accelerate mapping of large legacy registries to OMOP — completed here in one week.

LinkML + OMOP yields an end-to-end ETL with auto-generated SQL and documentation.

Transplantation cannot be represented by standard OMOP alone: donor, graft and recipient data must be delineated.

40.2% of concepts lacked an OMOP-supported ontology match — motivating model and vocabulary extensions, feeding the OHDSI 

Transplant Working Group.

LinkML-MCP Server Architecture FastMCP · built with Claude Code · async concurrent Python + Rust-accelerated components

Agent interface

Progressive tool disclosure — search → get_schema 

→ execute (Python code-mode sandbox). An 

orientation gate unlocks the heavy tools.

Orchestration

Claude Sonnet orchestrator drives parallel GPT-5 & 

Gemini agents (via Paseo).

PII sandbox + config

.linkml-mcp.yaml ProjectConfig — data_egress (offline 

/ metadata-only), custom conventions, transform 

backend.

Grounding

Hecate semantic OMOP search + local DuckDB Athena 

vocabulary; OMOP CDM v5.4 + THEMIS convention 

resources.

Transform engine

LinkML SchemaView + LinkML-map compile the 

transform to SQL; source transform target 

mapping registry.

Rust-accelerated

Rust backends accelerate performance-critical components 

across the server (transform, concept lookup, I/O); Python paths 

are async + concurrent. Faithful ports of the upstream 
architecture — more concurrency and lower memory give 

faster transformation at scale; conformance suites pass byte-
for-byte.

Writers + QC

Deterministic YAML writers — apply_bulk_patch, 

apply_omop_slot_mappings; DQD + value-mapping 

QC.

Claude

GPT-5

Gemini
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Structural quality validated with the OHDSI Data Quality Dashboard; pipeline tested on Synthea synthetic and real NHSBT registry data.
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