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Clinical Information 
Modeling Initiative 

CIMI
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The Ultimate Value Proposition of CIMI

Interoperable sharing of: 
• Data 
• Information 
• Applications 
• Decision logic 
• Reports 
• Knowledge

8
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Core Assumptions

‘The complexity of modern medicine exceeds 
the inherent limitations of the unaided human 
mind.’ 
 ~ David M. Eddy, MD, Ph.D. 

‘... man is not perfectible.  There are limits to 
man’s capabilities as an  information  processor 
that assure the occurrence of random errors in his 
activities.’ 
 ~ Clement J. McDonald, MD 

10
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Management of Hyperbilirubinemia in the Newborn Infant 35 or More Weeks of Gestation 
Pediatrics, Vol. 114 no. 1 July 1, 2004
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Algorithm for the management of jaundice in the newborn nursery.

Subcommittee on Hyperbilirubinemia Pediatrics 2004;114:297-316

©2004 by American Academy of Pediatrics 15
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Nomogram for designation of risk in 2840 well newborns at 36 or more weeks’ gestational age with 
birth weight of 2000 g or more or 35 or more weeks’ gestational age and birth weight of 2500 g or 

more based on the hour-specific serum bilirubin values. 

Subcommittee on Hyperbilirubinemia Pediatrics 2004;114:297-316

©2004 by American Academy of Pediatrics 16
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Newborns with hyperbilirubinemia
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Decision Support Modules

• Antibiotic Assistant 
• Ventilator weaning 
• ARDS protocols  
• Nosocomial infection 

monitoring 
• MRSA monitoring and 

control 
• Prevention of Deep 

Venous Thrombosis 
• Infectious disease 

reporting to public 
health

• Diabetic care 
• Pre-op antibiotics 
• ICU glucose protocols 
• Ventilator disconnect 
• Infusion pump errors 
• Lab alerts 
• Blood ordering 
• Order sets 
• Patient worksheets 
• Post MI discharge 

meds

19
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Clinical System Approach

Intermountain can only provide 
the highest quality, lowest cost 

health care with the use of 
advanced clinical decision 

support systems integrated into 
frontline clinical workflow 

— Stan Huff

20
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Guidelines and Decision Support

• Implementable guidelines are software 
Unit tests are needed 
Bug fixes need to be disseminated 
Guidelines evolve over time 
Data models evolve over time 

• The cost and risk of guideline development 
needs to be shared across the clinical 
community

21
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Strategic Goal

• Be able to share data, 
applications, reports, alerts, 
protocols, and decision support 
modules with anyone in the 
WORLD 

• Goal is “plug-n-play” 
interoperability

22
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CIMI Vision, Mission and 
Goals

23
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Clinical Information Modeling Initiative

Goals 
• Create a shared repository of detailed clinical 

information models 
• Using an approved formalism 

– Archetype Definition Language (ADL) 
– Archetype Modeling Language (AML) 

• Based on a common set of base data types  
• With formal bindings of the models to standard 

coded terminologies  
• Repository is open to everyone and models are 

licensed free for use at no cost

24
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IsoSemantic Models – Example of Problem

26

e.g. “Suspected Lung Cancer”

(from	Dr.	Linda	Bird)
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IsoSemantic Models – Example Instances

27

e.g. “Suspected Lung Cancer”
(from	Dr.	Linda	Bird)
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Isosemantic Models

CIMI supports isosemantic clinical models: 
• We will keep isosemantic models in the CIMI 

repository that use a different split between pre-
coordination versus post coordination (different split 
between terminology and information model) 

• One model in an isosemantic family will be selected 
as the CIMI preferred model for interoperability (as 
opposed to everyone supporting every model) 

• Collections of models for specific use cases will be 
created by authoritative bodies: professional 
societies, regulatory agencies, public health, quality 
measures, etc.

28
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CIMI

An ontology of clinical observation results

29

Clinical Condition 
Observation

MRN: 10489 
Date/Time:  3/03/2007 03:10 
Total Serum Bilirubin Result:     6.0 
Units:      mg/dL 
Hours of Age: 11.9 
Risk zone:  High Intermediate (75-95%)

Observation_Result
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CIMI Clinical Views

30
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CIMI

31

Clinical Community
• Shared agreement on what 

we mean by “TSB”, “TcB”, 
… 

• Semantics of clinical 
decision support

Healthcare IT Community
• How is TSB, TcB accessed 

in a target EHR 
• How is information 

transformed for use by 
guideline 

• How is new information 
entered? 

• … 
 

CIMI 
Models
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CIMI Modeling

• Shared models of clinical information 
• Varying granularity… 

• … observation_result <—> abnormally high 
serum bilirubin 

• In a language that is understandable and 
verifiable by the clinical community 

• With sufficient detail and precision to be 
implemented by the technical IT community

32
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Outline

• Introduction to CIMI 
• CIMI and Constraint Modeling 
• Realizing CIMI as RDF + ShEx

33
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“Top Down” Modeling

• Additive 
– Start with most abstract 
– Specialize adding properties and 

relationships 
• Instances only valid at selected level up

34
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Top Down Modeling

35
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Top Down Modeling

36

<MusicalInstrument	name=“Guitar”		
																																		maker=“Gibson”	

				uniqueIdentifier=“A173224B1-1”/>



Clinical Information Modeling Initiative PageCIMI and RDF — Harold Solbrig

Top Down Modeling

37

<StringedInstrument	name=“Guitar”		
																																		maker=“Gibson”	

				numberOfStrings=“6”	
				uniqueIdentifier=“A173224B1-1”/>

<MusicalInstrument	name=“Guitar”		
																																		maker=“Gibson”	

				uniqueIdentifier=“A173224B1-1”/>
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Top Down Modeling

38

<Guitar	name=“Guitar”		
														brand=“Gibson”	
														numberOfStrings=“6”	

				bodyType=“SOLID”,	
													uniqueIdentifier=“A173224B1-1”/>

<ElectricGuitar	name=“Guitar”		
														brand=“Gibson	
														numberOfStrings=“6”		
														bodyType=“SOLID”,	
															numberOfPickups=“3”	
															uniqueIdentifier=“A173224B1-1”/>

<StringedInstrument	name=“Guitar”		
																																		maker=“Gibson”	

				numberOfStrings=“6”	
				uniqueIdentifier=“A173224B1-1”/>

<MusicalInstrument	name=“Guitar”		
																																		maker=“Gibson”	

				uniqueIdentifier=“A173224B1-1”/>
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Top Down Modeling

39

ß If	this	is	my	model	…

ß …	this	makes	no	sense!

<ElectricGuitar	name=“Guitar”		
														brand=“Gibson	
														numberOfStrings=“6”		
														bodyType=“SOLID”,	
															numberOfPickups=“3”	
															uniqueIdentifier=“A173224B1-1”/>
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Constraint Based Modeling

• Reference Model (typically UML) defines the 
maximal information set 

• Constraints (Archetypes) define subsets of the 
Reference Model and/or other Archetypes

40
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Constraint Based Modeling 
Reference Model

41

A Musical Instrument has a: 
•  name 
•  maker 
•  uniqueIdentifier 
•  any number of items

A Stringed Instrument has Musical 
Instrument with: 

•  numberOfStrings 
•  stringType
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Constraint Based Modeling 
Archetype

42

A Guitar is a Stringed Instrument where exactly one of the 
items is an enumeration whose values derive from the 
BodyTypes enumeration
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Constraint Based Modeling 
Archetype

43

An ElectricGuitar is a Guitar where exactly one of the 
items is an integer
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Constraint Based Modeling 
RDF Representation of StringedInstrument 

44

# StringedInstrument 

@prefix music_rm: <http://example.org/music/> . 
@prefix string_type_vs: <http://example.org/music/stringtype/> . 
@prefix xsd: <http://www.w3.org/2001/XMLSchema#> . 
@prefix : <http://example.org/music/stringed_instrument/> . 

_:b a :stringed_instrument; 
    :name "Guitar"; 
    :maker "Gibson"; 
    :uniqueIdentifier "A173224B1-1"; 
    :numberOfStrings "6"^^xsd:integer; 
    :stringType string_type_vs:METAL; 
    <http://example.org/music/guitar/brand> "Gibson"; 
    :item ( 
     [ a :additional-attribute; 
      :enumValue <http://example.org/music/guitar/bodytypes/SOLID> 
     ]  
      [ a :additional-attribute; 
        :integerValue "6"^^xsd:integer 
      ] 
    ).
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Constraint Based Modeling 
RDF Representation of Electric Guitar

45

# ElectricGuitar 
@prefix music_rm: <http://example.org/music/> . 
@prefix string_type_vs: <http://example.org/music/stringtype/> . 
@prefix xsd: <http://www.w3.org/2001/XMLSchema#> . 
@prefix stringed_instrument: <http://example.org/music/stringed_instrument/> . 
@prefix guitar: <http://example.org/music/guitar/> . 
@prefix : <http://example.org/music/electric_guitar/> . 
@prefix body_types_vs: <http://example.org/music/guitar/bodytypes/> . 

_:b a :stringed_instrument; 
_:b a :electric_guitar; 
    :name "Guitar"; 
    :maker "Gibson"; 
    :uniqueIdentifier "A173224B1-1"; 
    :numberOfStrings "6"^^xsd:integer; 
    :stringType string_type_vs:METAL; 

guitar:brand "Gibson"; 
    :item ( 
     [ a :additional-attribute; 

    a guitar:body_type; 
      :enumValue guitar_BodyTypes/SOLID> 
     ]  
      [ a :additional-attribute; 

 a :number_of_pickups; 
        :integerValue "6"^^xsd:integer 
      ] 

  [ … ] 
    ).

Predicates and objects 
are always in terms of the 

reference model

The key is that the type hierarchy 
has to be known from the level 

of abstraction up… 

:electric_guitar rdfs:subClassOf guitar:guitar.
guitar:guitar rdfs:subClassOf music_rm:musical_instrument.
guitar:body_type refs:subClassOf music_rm:additional_attribute
…

http://example.org/music/guitar/bodytypes/
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Electric Guitar Modeling Initiative 
(EGMI)

46

Player Community
• Shared agreement on 

technical terms… 
• Pickups 
• Single Coil 
• Tremelo Bridge 
• Humbucker 
• Super Slinky 

• Shared agreement on 
composite models 

• Stratocaster 
• Telecaster 
• Les Paul Goldtop

Technical community
• How are brands coded? 
• How do I find all 60’s era 

electric guitars with 3 single 
coil pickups and a tremolo 
bridge? 

• How do I stay current with 
model changes, etc?

EGMI 
Models
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Outline

• Introduction to CIMI 
• CIMI and Constraint Modeling 
• Realizing CIMI as RDF + ShEx
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We have Clinical Model 
Definitions
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Algorithm for the management of jaundice in the newborn nursery.

Subcommittee on Hyperbilirubinemia Pediatrics 2004;114:297-316

©2004 by American Academy of Pediatrics 50

We have Alerts and Guidelines
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The situation

• We have a library of clinical element models, 
the semantics of which is vetted on and 
agreed upon by a community of practice 

• We have guidelines and rules with an emerging 
separation of concerns: 
• Clinical <—> Technical 
• Semantics <—> Syntax 

• We don’t have a clear plan of how all of this is 
going to be realized against existing EMR’s, 
workflows and processing systems

51



Clinical Information Modeling Initiative PageCIMI and RDF — Harold Solbrig

Excerpts from Yosemite 
Roadmap

52
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Yosemite Roadmap

53
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Yosemite Roadmap Basics

54
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Yosemite Roadmap Translation

55
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Yosemite Roadmap Crowdsourcing

56
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Step 1: Any data —> RDF

57

EMR

http://www.w3.org/wiki/
ConverterToRdf + 

defined 
transformations (e.g. 

FHIR to RDF)

http://www.w3.org/wiki/ConverterToRdf
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Step 1: Lift to RDF

58

[] a :Observation; 
    Observation:name [a :CodeableConcept; 
         CodeableConcept:coding [a :Coding; 
            Coding:system [ 
               a fhir:uri; 
               fhir:value "http://loinc.org"; 
            ]; 
            Coding:code [a fhir:code; 
               fhir:value "58941-6"; 
            ]; 
            Coding:display [a fhir:string; 
               fhir:value "Transcutaneous Bilirubin"; 
            ]; ]; ]; 
    Observation:status [a fhir:code; 
         fhir:value "final"; ]; 
    Observation:identifier [a :Identifier; 
   Identifier:system [a fhir:uri; 
      fhir:value "urn:ietf:rfc:3986" ]; 
   Identifier:value [a fhir:string; 
      fhir:value "520409956-9f51efcd61f04eadb4715f83ee6557cf"; ]; ]; 
     Observation:component [ 
  Observation:component_name [a :CodeableConcept; 
  CodeableConcept:coding [a :Coding; 
     Coding:system [a fhir:uri; 
        fhir:value "http://loinc.org"; ]; 
     Coding:code [a fhir:code; 
        fhir:value "58941-6"; ]; 
     Coding:display [a fhir:string; 
        fhir:value "Transcutaneous Bilirubin"; ]; ]; ] 
     Observation:component_valueQuantity [a :Quantity; 
         Quantity:value [a fhir:decimal; 
              fhir:value "13.0"; ]; 
         Quantity:units [a fhir:string; 
              fhir:value "mg/dL"; ]; ]; ] .

    "resourceType" : "Observation", 
    "id":"ID520409956-9f51efcd61f04eadb4715f83ee6557cf", 
    "code" : 
    { 
        "coding" : 
                [ 
                    { 
                        "system" : "http://loinc.org", 
                        "code" : "58941-6", 
                        "display" : "Transcutaneous Bilirubin" 
                    } 
                ] 
    }, 
    "valueQuantity" : 
    { 
        "value" : 13.0, 
        "unit" : "mg/dL", 
        "code" : "mg/dL" 
    }, 
    "effectiveDateTime" : "2015-09-28T14:45:23", 
    "status" : "final", 
    "subject" : 
    { 
        "reference" : "Patient/ID9f51efcd61f04eadb4715f83ee6557cf" 
    } 
}
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EMR

Step 2: RDF —> RDF Transformation 
(FHIR —> CIMI)

59

ShEx Schema

ShEx Semantic ActionsSource Schema 
(XML Schema / DDL / FHIR 

Schema / UML / ADL/AML(!) )



Clinical Information Modeling Initiative PageCIMI and RDF — Harold Solbrig

Quick Aside: ShEx

• A “schema” for RDF Graphs 
• A collection of predicates that identify graph 

subsets 
• Subjects with specific predicates 
• Subject/predicate with specific object types 
• Objects in URL or Literal Value Sets 
• Object of subject/predicate meets given 

ShEx predicate 
• …

60
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ShEx Example

61

BASE <http://base.example/#> 
PREFIX ex: <http://ex.example/#> 
PREFIX foaf: <http://foaf.example/#> 
PREFIX xsd: <http://www.w3.org/2001/XMLSchema#> 
PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 

<IssueShape> { 
    ex:state (ex:unassigned ex:assigned), 
    ex:reportedBy @<UserShape>, 
    ex:reportedOn xsd:dateTime, 
    ( ex:reproducedBy @<EmployeeShape>, 
      ex:reproducedOn xsd:dateTime )?, 
    ex:related @<IssueShape>* 
} 
<UserShape> { 
    (foaf:name xsd:string 
     | foaf:givenName xsd:string+, 
       foaf:familyName xsd:string), 
    foaf:mbox rdf:Resource 
}

Has exactly one one ex:state of assigned 
or unassigned

One reportedBy link to a subject that 
satisfied UserShape predicate

One reportedOn link to a valid 
dateTime

One or more reproducedBy/reproducedOn predicates

Any number of related issues

…
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RDF-RDF Transformation 
(FHIR —> CIMI)

62

@prefix primitive_types: <http://opencimi.org/rm/v3/primitive_types> . 
@prefix party: <http://opencimi.org/rm/v3/party> . 
@prefix core: <http://opencimi.org/rm/v3/core> . 
@prefix data_value_types: <http://opencimi.org/rm/v3/data_value_types> . 
@prefix ITEM_GROUP: <http://opencimi.org/model/CIMI-CORE-ITEM_GROUP/> . 
@prefix identifier_types: <http://opencimi.org/idtypes/> . 
@prefix xsd: <http://www.w3.org/2001/XMLSchema#> . 

@prefix : <http://opencimi.org/model/CIMI-CORE-ITEM_GROUP/observation_result/v1> . 

_:b a :observation_result; 
    core:item [ a :identifier; 
  data_value_types:value [ 
   data_value_types:id  
"ID520409956-9f51efcd61f04eadb4715f83ee6557cf"; 
   data_value_types:issuer "FHIR"; 
   data_value_types:type identifier_types:fhir_identifier_type ] 
    ]; 
    core:item [ a :code; 
     data_value_types:value [ 
      data_value_types:code "58941-6"; 
      data_value_types:terminology_id "http://loinc.org"; 
      data_value_types:string "Transcutaneous Bilirubin” ] 
    ]; 
    core:item [ a :result; 
     data_value_types:value [ 
      a data_value_types:QUANTITY; 
      data_value_types:units [ 
       data_value_types:code "mg/dL"; 
       data_value_types:terminology_id "?"; 
       data_value_types:string "mg/dL" 
      ]; 
      data_value_types:value “13.0"^^xsd:double ] 
    ]; 
    core:item [ a :status; 
     data_value_types:value [ 
      data_value_types:code "445665009"; 
      data_value_types:terminology_id "SNOMED_CT"; 
      data_value_types:terminology_version 
 "http://snomed.info/sct/900000000000207008/version/20150131"; 
      data_value_types:uri "http://snomed.info/id/445665009"; 
      data_value_types:string “final” ] 
    ].

[] a :Observation; 
    Observation:name [a :CodeableConcept; 
         CodeableConcept:coding [a :Coding; 
            Coding:system [ 
               a fhir:uri; 
               fhir:value "http://loinc.org"; 
            ]; 
            Coding:code [a fhir:code; 
               fhir:value "58941-6"; 
            ]; 
            Coding:display [a fhir:string; 
               fhir:value "Transcutaneous Bilirubin"; 
            ]; ]; ]; 

…

<Observation> { 
 a (:Observation), 
 Observation:name <Observation:name> %{CIMI cimi:code $$ %}, 
 Observation:identifier <Observation:identifier> %{CIMI cimi:identifier $$ %}, 
 Observation:component <Observation:component> %{CIMI cimi:result $$ %} 
} %{CIMI :observation_result $$ $1 %} 

<Observation:name> { 
 a (:CodeableConcept), 
 CodeableConcept:coding . %{CIMI data_value_types:code $$ %} 
} 

 ...

FHIR RDF

ShEx 

CIMI RDF
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Step 3: Apply Decision Logic to  
CIMI Standard Representation

63

EMR

Decision 
Support 
Module

CIMI 
Models as 

ShEx Predicates
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Step 3: Decision Support w/ ShEx Predicates

64

<TSB> &:observation_result { 
 a $:bilirubin_result_types?, 

 core:item {a $:observation_result\/identifier_types?,  # identifier 
    {core:value @data_value_types:IDENTIFIER}}, 

 core:item {a $:observation_result\/code_types?,       # Code 
    {core:value (loinc:58941-6)}}, 

 core:item {a $:observation_result\/status_types?, 
    {core:value $:observation_status_codes}}, # Status 

If TcB(graph) and value < 15.0: 
<action> 

If TSB(graph) and value > 150.0: 
<action 
… 



Clinical Information Modeling Initiative PageCIMI and RDF — Harold Solbrig

Proposed Tooling

65

UML

AML

ShEx

ShEx

SNOMED 
Template 
Grammar

ShEx

UML to ShEx and AML to ShEx in alpha stage 
Waiting on Template Grammar completion for third form
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IsoSemantic Transformations

66

EMR

IsoSemantic 
Xforms

<PostCoord> { 
 a $observation_result, 
 core:item {a $:bodysite, 
       core:value .},  
  core:item {a $:problem, 
     core:value .}, 
  core:item {a $:finding_context, 
     core:value .} 
} %{CIMI pre_coord $$ %}
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Yosemite Crowdsourcing

67

D2Refine + MDR
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Open Refine 

• What is Open Refine?

68

http://openrefine.org 

http://openrefine.org
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Open Refine 

• Recognize: 
– patterns  
– common characteristics of row, columns 

• Customize with: 
– Transform with Facets  
– Filters, Grouping/Clustering 
– Develop Extensions 
– Standardize, Link with local or external 

resources.

69
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Open Refine

• Tool to work with messy data 
• Fix Inconsistencies 
• Transformation of Data 
• Spreadsheet like interface in browser 
• Parsing data from websites, web-

services, Freebase. 
• Extensions,  Add Reconciliation 

Services

70
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Open Refine RDF Extension

71
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D2Refine

• Extension of Google OpenRefine 
• Data element mapping based on the smart 

spreadsheet paradigm 
• RDF Import for mapping 
• CTS2 API for terminology mapping 
• Interface to ShEx Schema + MDR
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Open Refine - Reconciliation
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Open Refine - Reconciliation
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Open Refine - Reconciliation
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Open Refine - Reconciliation
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Synopsis

• Constraint based modeling and CIMI allow one to 
represent information at different levels of abstraction  
(observation_value —> abnormally high total serum 
bilirubin result)… 

• Tools exist to today to map any data into RDF… 
• … ShEx provides the ability to traverse a schema and 

transform RDF —> RDF or RDF —> (target) 
• CIMI provides canonical clinical models for decision 

support 
• RDF + ShEx + DBRefine + (other tools) provide tools to 

define transformations from input data to canonical form 
(e.g. FHIR Observation —> CIMI Observation Value) 

• ShEx provides the ability to realize UML + ADL/AML 
predicates against canonical form
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Credits

• David Booth, PhD (Hokukahu LLC) — Yosemite vision 
• Eric Prud’hommeaux (MIT) — ShEx tools + FHIR/RDF 

Work + general web sanitation engineering 
• Deepak Sharma (Mayo Clinic) — D2Refine 
• Guoqian Jiang, M.D., PhD (Mayo Clinic) — vision and 

funding 
• Stan Huff, M.D., CMIO (IHC) — CIMI and all that 
• Visumpoint — AML tooling and support 

The project is supported in part by a NCI U01 Project (U01 
CA180940) – caCDE-QA : A quality assurance platform for 
cancer study common data elements.
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Links

The Yosemite Project 
• http://YosemiteProject.org/ 

CIMI 
• http://opencimi.org/ 

Tools 
• http://www.w3.org/wiki/ConverterToRdf 
• https://github.com/caCDE-QA 
• https://json-ld.org 
• http://www.w3.org/2013/ShEx/FancyShExDemo 
• http://www.w3.org/wiki/ConverterToRdf 
• https://github.com/w3c/hcls-fhir-rdf 

D2Refine 
•https://github.com/caCDE-QA 

ShEx 
•http://shexspec.github.io/primer/ 
•http://www.w3.org/TR/shacl/
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