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NIST MDC Testing Staff

• John J. Garguilo
301-975-5248
john.garguilo@nist.gov

• Nicolas Crouzier(Contractor-Dakota) 
– RTMMS – 11073-10101 MDC Nomenclature 
– HL7 V2 Tools (IGAMT + TCAMT support)

• Michael Faughn, (Contractor - Prometheus 
Computing, LLC w/ Art Griesser)
– 11073-10201 MDC Domain Information Model
– DIM Modeling + “DIM Editor/Medical Device Profiler”
– RTMMS 2.0

 Note: As part of US Federal Government, all NIST work products are freely and publically 
available
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Key Discussion Topics

• Work Area & Status Updates
• Health Information Technology –

Test Infrastructure - End-to-End Platform
• HL7 V2 IHE-PCD Tooling Status & Updates
• MDC Tooling and Harmonized Medical Device 

Nomenclature
• DIM Editor work & Stds updates, tool review, 

discussion topics

NIST Tools publicly available 24 (hours) x 7 (days) x 
365 (days/year)



4

Work Areas & Status Updates

Conformance Tooling Portal: https://hl7v2tools.nist.gov/portal/#/tools
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Work Areas & Status Updates
Conformance Tooling Suite – Semantic Interop of Medical Devices 
• HL7 V2 (2.6) IHE-PCD Validation Tools

– IHE-PCD Pre-Connectathon: http://ihe-pcd-precon.nist.gov/
– IHE-PCD Connectathon, https://ihe-pcd.nist.gov/pcdtool/#/home

• Rosetta Terminology Mapping Management System (RTMMS) 
https://rtmms.nist.gov

• DIM Work - ‘DIM Editor/Profiler’ and ISO/IEEE 11073 UML Model
– Development Tool: dim.prometheuscomputing.com

• NIST HL7 V2 Portal: http://hl7v2tools.nist.gov/portal/#/tools
– IGAMT – Implementation Guide Authoring Management Tool

» https://ihe-pcd.nist.gov/pcdtool/#/home
– TCAMT – Test Case Authoring Management Tool

» https://tcamt.nist.gov/tcamt/#/
NIST Tools publicly available 24 (hours) x 7 (days) x 365 (days/year)
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Work Areas & Status Updates
HL7 V2 (2.6) IHE-PCD Validation Tools

• On-going Enhancements to Pre-Connectathon, 
Connectathon Tools
support IHE-PCD Cycle14; mainly CPs

• Key test event support:
– Supported Center for Medical Interoperability Test Events (April, July 2018)
– Supported IHE-Europe Connectathon (April 2018, 2019)
– Supported : IHE-North America Connectathon (Jan 2018, 2019)
– Supported IHE-Korea Connectathon (August 2018)
– Supported: IHE-Japan Connectathon (Oct 2018)
– (New) IHE Australia – targeted Fall 2019??

• IHE-PCD Cycle 13 ended at HIMSS19 – Connectathon 
completed
Accepting CPs for Cycle 14 - 2019-20 (mainly from IHE-
PCD; 1 April 2019 – 31 March 2020) 
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IHE North American (January) 2019 ‘Connectathon’
By the numbers

Overall Connectathon
• 58 organizations
• 87 Integration Profiles
• 84  Discrete Individual 

Systems
• 888 Profile/Actor Pairs
• 2609 Test Instances verified
• 38 monitors
• 434 Attendees

Patient Care Device
• 24 organizations
• 6 Integration Profiles
• 36 Systems
• 372 Test Instances verified
• 97 Profile/Actor Pairs
• 4 PCD monitors 
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IHE North American (January) 2019 ‘Connectathon’
By the numbers

• Connectathon 2019 Results Report: Data
2019 2018 2017 2016 2015 2014

Organizations 58 63 68 84 98 97
Systems 84 90 99 126 148 140
Attendees 434 431 444 491 555 560

Source:  IHE 2019 NA Connectathon Results 
https://docs.google.com/document/d/1GCklkBQX6MWLBM
jQG17bD4HF0rsM11vIP6ivHcr-qFo/edit
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Example of V2 Validation Tool (derived from Framework): 
Used at NA Connectathon
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Work Areas & Status Updates
2019-20 IHE-PCD Pre+Connectathon Tool: Cycle 14 Status

• IHE-PCD: NIST “Isolated Environment” Test Tools
– HL7 V2.6
– Supports 8 Integration Profiles (number of test cases, some 

duplicated amongst actors)
• DEC – Device Enterprise Communication (10)

– SPD – Filter (4)
– POI – Pulse Ox (3)

• PIV – Patient Infusion Verification (9)
• IPEC – Infusion Pump Event Communication (6)
• IDCO – Implantable Device Cardiac Observation (4)
• ACM – Alert Communication Management (2), (WTCP validation not supported)
• RDQ – Retrospective Data Query (1)
• MEMDMC – Device Management Communication (1)
• MEMLS – Location Services (1)
• OMS, RTLS/CMS, Security white papers/WGs

• 64 Test Cases {31 Unique} (across all ‘Actors’) 
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Work Areas & Status Updates
RTMMS

Rosetta Terminology Mapping Management System (RTMMS) 
ISO/IEEE 11073-10101
• RTMMS Deployment Update and service status

– -10101a added + harmonized co-constraints (e.g., units, enums, body sites):  
639 LOINC mappings to MDC terms!  

– -10101R Work nearly finalized, (continue to integrate into RTMMS + iterations)
– NIST-IEEE Royalty Free Agreement makes available the “Works” (5 key 

nomenclature attributes) – perpetual agreement
– Latest numbers…

• Many thanks to lead Paul Schluter, retired Principal 
Engineer, now working with Center for Medical 
Interoperability (CMI)! 

https://rtmms.nist.gov
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RTMMS by the numbers; Next HL7 WG Mtgs)  
Oct
2015

Jan
2016

May
2016

Sept
2016

Jan
2017

May
2017

Sept
2017

Jan
2018

May 
2018

Oct 
2018

May
2019

11073-10101 1068
5

1068
5

1068
5

1068
5

10685 10713 10725 10725 10473 10473

Rosetta 
Terms

1642 1648 1731 1733 1763 1764 1765 1807 1810 1834 1819

hRTM
(Harmonized)

693 804 879 880 911 911 911 953 953 955 955

Groups 226 317 323 323 337 337 337 338 338 338 339
Unit Groups 8 8 12 12 12 12 12 15 15 15 15

-Units 
(MDC)

515 524 547 551 552 552 552 562 562 562 562

-Units 
(UCUM)

520 526 540 545 548 548 548 559 559 559 559

Enumeration 
Groups

39 43 43 43 43 43 43 45 45 45 36

-
Enumerations

317 317 403 403 436 436 436 459 459 459 459

Organizations 
Registered

61 65 70 71 78 91 91 94 96 98 101

Users 151 157 158 174
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Process being re‐worked – stay tuned for 
RTMMS‐II
(New “process” in consideration to replace 
the following: Discussion @ this (May) WG 
meeting w/ Michael Faughn)

Terms (in RTMMS) being or to‐be vetted
(“Term Approval” tab for ‘SDO’ user)
• “Proposed Terms”:  187
• “Ready Terms Table”:121
• “Mapped Terms”: 78
• “Proposed Units”: 187
• “Proposed Enumerations”: 187

Term Approval in RTMMS 
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Medical Device Communication (MDC):
Domain Information Model (DIM) – Editor/Profile Builder
• UML model programmatically derived from ISO/IEEE 11073-10201:2004 

• The Model is the Standard, Why?
• UML is Computable
• Artifacts programmatically derived from a common source help to ensure harmonization.

– Software tools (Device Profiling, Validation, Integrated with MDC Nomenclature...)
– Printed Standard
– XML Schema
– Conformance Statements

DIM Classes
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Work Areas & Status Updates, 
DIM Editor/Profiler

• ISO/IEEE 11073 ‘Domain Information Model Editor’ -> “DIM Editor”
– Progress/Update/Status (Michael Faughn)
– UML Defined 11073-10201 DIM basis for tooling
– Issues list (actively/weekly addressing and resolving)

» Tool continues to improve performance and usability
 DIM Editor tool – Medical Device subject matter experts wanted!
– Auto producing ISO/IEEE documentation (to meet SDO’s templates)

• No major hurdles – from IEEE and w/ document generation
– Continue weekly TCons (Thursdays @ 2 pm Eastern) – all welcome!
– Completed Ballot and IEEE Process – Fall 2018 



HL7 V2 Testing Framework / Infrastructure
“Tools to Generate Tools”

Semantic interoperability of Medical Devices

Test Tool Update
Joint IEEE/HL7 Working Group Meeting

National Institute of Standards and Technology
8 May  2019 – Montreal, Canada
Contact: john.garguilo@nist.gov, 301-975-5248
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NIST HL7 v2 Platform Overview

21

IGAMT TCAMT
Testing 

Infrastructure 
& Framework

Testing 
Tool

• IGAMT – Implementation Guide Authoring and 
Management Tool ( Specification:: IHE Profile)

• TCAMT – Test Case Authoring and Management 
Tool ( Test Plan:: IHE Tests)

• Testing Infrastructure and Framework
• Testing Tool (Conformance Testing)
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IGAMT - Implementation Guide 
Authoring and Management Tool

• Tool to create standards
• Narrative + Message Definition
• Built-in template
• Supports current conformance constructs 
• Enforces conformance rules
• Promotes consistency in requirements
• Single source of truth
• New profile schema (for XML profile instances)
• XML export is gateway to other services 
• Constraints for context-free testing
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TCAMT - Test Case Authoring and 
Management Tool

• Tool Test Plans and Test Cases
• Narrative + Test Case Definitions
• Import XML profiles in IGAMT format
• XML profiles provide underlying model
• NIST-built constraint mechanism 
• Expands testing capabilities
• Example/test messages  Powerful notion
• Single source of truth
• XML export is gateway to other services
• Constraints for context-based testing 
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NIST Validation Tools
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NIST HL7 v2 Platform
• Platform to build and manage tools
• Transfers tooling to standard developers
• SMEs create targeted test cases
• Low barrier to entry for non-techies
• Single source for modifications
• Changes are propagated through the platform—less error 

prone
• Reduces costs
• Reduces maintenance effort (quick updates)
• Promotes tool sustainability (tool longevity)

– Other tools start all over again for updates
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General Validation Tool (GVT)
• Validation Tool that supports multiple domains and 

profiles
• Hosting site for user created tools
• Accepts XML profiles from IGAMT and XML test 

plans from TCAMT to automatically create a “Test 
Tool”

• Process is completely automated
– Platform creates tool site including profile viewer

• Private and Public Tools
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IHE-PCD Tool Constrained for DEC and PCD Profiles
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NIST HL7v2 End-to-End Platform
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NIST HL7 v2 Tool Portfolio

Standard Owner Testing Program Links

Immunization R1.4* CDC ONC 2014 Ed. Certification http://hl7v2-iz-testing.nist.gov

Immunization R1.5* CDC
ONC 2015 Ed. Certification
AIRA IIS Assessment
HIMSS/CDC EHR Certification

http://hl7v2-iz-r1.5-testing.nist.gov
http://iztool-cdc.hit.icsl.net:8080/iztool 

Syndromic Surveillance  R1.1* CDC/ISDS ONC 2014 Ed. Certification http://hl7v2-ss-testing.nist.gov

Syndromic Surveillance  R2.0* CDC/ISDS ONC 2015 Ed. Certification http://hl7v2-ss-r2-testing.nist.gov

LRI R1 DSTU R1 HL7/ONC ONC 2014 Ed. Certification http://hl7v2-lab-testing.nist.gov

ELR (Reportable Labs) R1.0* HL7 ONC 2014/2015 Ed. Certification http://hl7v2-elr-testing.nist.gov

LOI R1 DSTU R2 HL7/ONC ONC Pilot Testing http://hl7v2-loi-r1-testing.nist.gov

LRI R1 DSTU R2 HL7/ONC ONC Pilot Testing http://hl7v2-lab-r2-testing.nist.gov

eDOS R2 DSTU R2 HL7/ONC ONC Pilot Testing http://hl7v2-edos-r1-testing.nist.gov

Vital Records DR R1 CDC/HL7/IHE CDC
IHE Connect-a-thon http://hl7v2-vr-r2-testing.nist.gov

Height and Weight CDC/IHE CDC
IHE Connect-a-thon http://hl7v2-cf-validator.nist.gov

Patient Care Devices (PCD) IHE IHE Pre-connect-a-thon
IHE Connect-a-thon

http://ihe-pcd-precon.nist.gov
http://ihe-pcd-con.nist.gov

PIX and PDQ IHE IHE Pre-connect-a-thon
IHE Connect-a-thon

http://pixpdqtests.nist.gov
http://hl7.connectathon-pixpdq.nist.gov/

 https://hl7v2tools.nist.gov

*State Registries use for on-boarding  Unknown number of local installations
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NIST Productivity Tool – IGAMT

IGAMT – Implementation Guide Authoring and Management Tool

Standard Developer Use HL7 Version

Immunization HL7 R1 CDC May 2017 HL7 Ballot HL7 v2.8.2

Immunization R1.5 NIST NIST Internal for ONC 2015 Ed. Certification HL7 v2.5.1

Syndromic Surveillance  R2.? CDC/ISDS In Progress HL7 v2.5.1

Syndromic Surveillance  R2.0 NIST NIST Internal for ONC 2015 Ed. Certification HL7 v2.5.1

Vital Records Birth Reporting CDC May 2017 HL7 Ballot HL7 V2.6

LOI R1 DSTU R2 NIST NIST Internal-In Progress HL7 v2.5.1 

LRI R1 DSTU R2 NIST NIST Internal-In Progress HL7 v2.5.1 

eDOS R2 DSTU R2 NIST NIST Internal-In Progress HL7 v2.5.1 

Patient Care Devices (PCD) NIST NIST Internal-In Progress for IHE HL7 v2.6

Electronic Case Reporting CDC In Progress HL7 v2.5.1

Local Use Vendors/States Unknown Unknown

 = 50+ registrations (many new coming from the CDC)

IGAMT-generated implementation guides balloted by HL7 



31

NIST Productivity Tool – TCAMT
TCAMT – Test Case Authoring and Management Tool

Standard Developer Use

Immunization R1.5 CDC/CNI/HIMSS HIMSS Certification

Immunization R1.5 CDC/NIST ONC 2015 Ed. Certification

Immunization R1.5 AIRA AIRA IIS Assessment Program

Syndromic Surveillance  R2.0 ISDS/NIST ONC 2015 Ed. Certification

Vital Records Death Reporting CDC/NIST IHE Pre-connect-a-thon/Connect-a-thon, CDC

Vital Records Birth Reporting CDC/NIST IHE Pre-connect-a-thon/Connect-a-thon, CDC – In Planning

LOI R1 DSTU R2 NIST NIST Internal-In Progress

LRI R1 DSTU R2 NIST NIST Internal-In Progress

eDOS R2 DSTU R2 NIST NIST Internal-In Progress

Patient Care Devices (PCD) NIST NIST Internal-In Progress for IHE

ePrescribing NIST/NCPDP Tool in development (Adapted)

 TCAMT allows domain experts to develop test scenarios and test cases, 
with example messages—set in the foundation of the XML Profile created 
in IGAMT.

 Scenarios can be created to test capabilities, workflow, functional 
requirements, and robustness via “negative” testing. 
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Testing Models

• Data Instance Testing
– Object ↔ Requirements
– Conformance Testing

• Isolated System Testing
– System ↔ Requirements
– Conformance Testing

• Peer-to-peer System Testing
– System ↔ Requirements ↔ System
– Interoperability Testing
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Data Instance Testing

Testing Tool

Report

Specification

Test Case

Import 
(file upload, 

cut/paste, etc.)

Tester Test Object
(Message, 

Document, etc.)
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Isolated System Testing

Testing Tool

Report

Test Object

Specification

Test Case

Stimulus or ResponseSystem Under 
Test

Tester
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Peer-to-peer System Testing

Testing Tool

Report

System 
Under Test

Test Object

N
et
w
or
k

System 
Under Test

System 
Under Test

Specification

Test CaseTester

Tester

Tester
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Context-free Testing

• Sender-oriented testing
• No Test Cases provided 
• Context (Test Scenario, etc.) is unknown to validation tool
• May be used to test any message created by an EHR
• Provides a simple and convenient method for testing message 

structure and most vocabulary

HL7 v2 
message 
validation 
example
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Context-based Testing

Test scenario 
and data given
Expands the 

scope of testing
Type of testing 

used in ONC 
EHR-S 
certification 
testing
Capability 

Testing
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Types of Testing
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Profile Hierarchy
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Profile Hierarchy Examples
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Are we there yet?
• Partially, but still more to go…working w/ 

HL7…
• Many core features are already included

– E.g., Validation Engine (for many years)
• Is the platform usable? Yes

– Power Users—successfully exported IG 
for ballot

– Internally at NIST for years (in pieces)
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NIST Tool URLs/Websites
Conformance Tooling Suite
• HL7 V2 (2.6) IHE-PCD Validation Tools

– IHE-PCD Pre-Connectathon: http://ihe-pcd-precon.nist.gov/
– IHE-PCD Connectathon, http://ihe-pcd-con.nist.gov/

• Rosetta Terminology Mapping Management System (RTMMS) 
https://rtmms.nist.gov

• DIM Work - ‘DIM Editor/Profiler’ and ISO/IEEE 11073 UML Model
– Development Tool: dim.prometheuscomputing.com

• NIST HL7 V2 Portal: http://hl7v2tools.nist.gov/portal/#/tools
– IGAMT – Implementation Guide Authoring Management Tool
– TCAMT – Test Case Authoring Management Tool
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Thank You or your attention 

• Questions
• Discussion


