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Agenda 

• Requirements for successful use of clinical 
terminology 

• History of SNOMED CT use at Nebraska 

• Just-in-time (post)(pre)-coordination and 
Nebraska Lexicon© 

• What is an extension namespace?  

• Maintaining a SNOMED extension in GE 

• Migrating Nebraska Lexicon© to EPIC 

• Experiences and observations regarding the 
US vendor market 



Requirements  for Successful 

Implementation of Clinical  

Terminology in the EHR 
• Expressive: 

– Comprehensive content 

– Unambiguous 

– Provides variable semantic granularity 

– Supports parochial expression and terms 

• Permanence 

• Data re-use: 
– Clinical data record must support information needs of multiple users 

especially revenue, research and epidemiology 

• Decision analytical: 
– Supports aggregation of clinical reference groups by relevant semantics 

– Includes relevant declarative domain knowledge 

• Interoperable: 
– Reliably supports machine-based transmission and integration of conceptual 

content 

• FREE OF CHARGE 
 



SNOMED CT operational features 

• Studies of content document best clinical 

comprehension and expression 

• Well designed history management scheme 

• Core content supported by many subsets and 

maps to classifications 

• Model of meaning has become more mature  

• Formalisms for testing of equivalence and 

subsumption have been developed and 

tested experimentally 

• Free for use in the US 

 

 



Fifteen years of experience with 

SNOMED 
• 1982: Implementation of COSTAR problem-

oriented record with structured vocabulary 

• 1997: Conversion to SNOMED International V3 
– No formal model of meaning 

– Confusion regarding management of context 

– Comprehension ~ 80% 

• 1999: SNOMED RT 
– First formalisms for model of meaning 

• 2002: SNOMED CT 
– Comprehension ~ 92% 

– Formalisms for interoperable use of semantic 
definitional model 



Nebraska Lexicon© for GE 

• Implementation principles: 
– Fully capture and encode content of any clinical 

utterance requested by clinicians employing 
SNOMED formalisms; use pre-coordinated 
content when available, otherwise post-coordinate 
as required 

– Employ pragmatic set of SNOMED terms for 
lookup and expand entrance (interface) terms as 
required by the clinician for ease of clinical 
navigation and selection 

–  Maintain maps from each diagnostic concept to     
ICD-9-CM for billing and epidemiological reporting 

• Post-coordination at the user interface has 
been managed using “Just-in-time”   
administrative protocols 



“Just-in-time pre(post)-coordination” 

• If clinician cannot identify the required clinical phrase when making an 
entry into the problem list; records “Unlisted problem” in the record with 
a full text description 

• Clinical coding team obtains weekly report of entries 

• Clinical utterance is evaluated: 

– Disambiguated; term list expanded 

– Compared to SNOMED pre-coordinated content 

– Mapped to ICD-9-CM 

• New terms are added to the interface and pointed to the SNOMED CT 
concept identifier in the dictionary tables 

• New concepts are modeled as extensions to SNOMED CT in an 
extension namespace which is maintained within a terminology 
database 

• The “Unlisted problem” pointer in the database is updated to a 
dictionary reference with the complete and accurate content 

• The problem list history files maintain a record of the original entry in 
addition to the fully modeled and coded content now in the record 



What is an Extension? 

A SNOMED CT extension has two main defining characteristics.  

• First, it consists of SNOMED CT components that are identified 

by SCTIDs that have a unique identifying namespace, which is 

the namespace identifier of the extension.  

• Second, the extension and its SCTID namespace are controlled 

and managed by a single organization that has the responsibility 

of maintaining the extension and following certain rules 

associated with the creation and distribution of the identifiers 

and other SNOMED CT compatible structures in the extension. 

 

SNOMED CT Editorial Guide: July 2012 International Release. 

IHTSDO; 2012 

Nebraska Lexicon© post-coordinated content has been  

   maintained as an Extension namespace since  

   formalization of the process in 2005  

Namespace ID 1000004 



Lexicon Semantic Classes 

• Health maintenance and risk 

• Family history 

• Past medical history 

• Procedure history 

• Findings 

• Diagnoses 

• Events 
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Lexicon Semantic Classes 

Centricity Enterprise 

• Health maintenance and risk 

• Family history 

• Past medical history 

• Procedure history 

• Findings 

• Diagnoses 

• Exposures and occurrences 

SNOMED CT Root 

• Clinical findings 

• Situation with exp context 

• Situation… 

• Procedure (situation…) 

• Clinical findings  

• Disease 

• Events 



Lexicon Examples 

Centricity Enterprise 

• Health maintenance and risk 

• Family history 

• Past medical history 

• Procedure history 

• Findings 

• Diagnoses 

• Exposures and occurrences 

Terms 

• Risk for aspiration 

• FHx of glioblastoma 

• PH of gastric ulcer 

• ORIF right clavicular 

fracture 

• Right carotid stenosis; 

Secondary pneumonia 

• Cadmium exposure 

 



“Secondary pneumonia” 

 



“Secondary pneumonia” 
Modelled (stated) form 

130001000004105 

DZ-99987 

Secondary pneumonia 

246075003 

CAUSATIVE AGENT 

36272005  

Infectious agent 

255234002 

AFTER 

275498002 

Respiratory infection 

23360407 

Pneumonia ≡ 264569006 

Secondary  infection 



“Secondary pneumonia” 
Normal form 

11111111 

Defined concept 

39607008 

ASSOC MORPH 

9656002 

Consolidation 

39607008 

ASSOC MORPH 

23583003 

Inflammation 

363698007 

FINDING SITE 

39607008      

Lung structure 

≡ 

130001000004105 

DZ-99987 

Secondary pneumonia 

23360407 

Pneumonia 

264569006 

Secondary  infection 

246075003 

CAUSATIVE AGENT 

255234002 

AFTER 

275498002 

Respiratory infection 

36272005  

Infectious agent 



“Secondary pneumonia” 
What would be Normal form if concepts were fully defined 

11111111 

Defined concept 

39607008 

ASSOC MORPH 

9656002 

Consolidation 

39607008 

ASSOC MORPH 

23583003 

Inflammation 

363698007 

FINDING SITE 

39607008      

Lung structure 

≡ 

130001000004105 

DZ-99987 

Secondary pneumonia 

64572001 

Disease 

404684003 

Clinical finding 

246075003 

CAUSATIVE AGENT 

255234002 

AFTER 

275498002 

Respiratory infection 

36272005  

Infectious agent 



Lexicon© Facts and Figures: 2012 

• 2838 post-coordinated concepts: 

– 463 Findings 

– 1040 diseases 

– 1002 procedures 

– 303 situations 

– 23 events 

• 7203 descriptions (terms) 

 



Failures of Clinical Expression 
• Majority of post-coordination issues for 

problem list are required for statements of 
clinical specialization: 
–  “Increased wound drainage” 

– “History of fecal impaction” 

– “Costochondral chest pain” 

– “Chest pain, rule out MI” 

• Therefore most or all extension concepts 
should be fully defined (primitives always 
classify as unique on publication!) 

• Lexicon contains only 9% primitives 

Majority of primitive Lexicon concepts relate to infrequent  

   deficiencies in SNOMED model of meaning: 

   “HOMOZYGOUS C6777T METHYLENETETRAHYDROFOLATE REDUCTASE  

         DEFICIENCY (DISORDER)” 

    “PATIENT HAS BEDTIME ROUTINE (FINDING)” 

    “HOME NASAL BIPAP USE (PROCEDURE)” 



Permanence: 

SNOMED CT History Management 

• Each SNOMED release cycle exposes 
editorial revisions: 
– New pre-coordinated content must be compared 

against extension namespace content 

– Editorial changes participating in definitions of 
post-coordination must be reviewed 

• Clinical definition of any problem list entry 
must never be allowed to change, although 
the SNOMED concept identifier may do so 

• Average annual retirement of post-
coordination 6%   



Evaluating Decision Support 

• As part of the SAGE guideline engine 
development, we evaluated utility of the 
Lexicon problem list for decision support 

• Frame based knowledge modeling of  CDC 
immunization guidelines was accomplished 
with Protégé 

• An API linking the decision engine to the GE 
information model queried the EHR database 
including Lexicon problem list 

• Criteria were modeled within decision models 
which reproduced the source guideline logic  

 



Guideline Concept Inventory 

by Semantic Complexity 

Category                                                                     n 

Category 1 

(“Tag” or Concept entity) 
35 (17.8%) 

Category 2 

(Subsumption) 
139 (70.5%) 

Category 3 

 (Boolean constructions) 
12 (6.1%) 

Category 4  

(Post coordination; defining relationships) 
11 (5.6%) 

Total n = 197 



GE Limitations 
• Data dictionary tables created in the era of SNOMED 

III support only SNRT identifiers, one defining 

concept per semantic root and no role groups 

• Integration of SNOMED ontology (concepts and 

relationships) into data dictionary never completed 

• Binding of SNOMED concept space (including 

extension) to decision support and clinical queries 

never completed 



Lexicon© GE Report Card 
• Expressivity: 

– Primary reason for continued success of Lexicon implementation is timely 
delivery of meaningful terms within a consortium of shared use 

– Authoring of post-coordinated concepts are a secondary and tractable issue 

• Data re-use: 
– Complete and current map to ICD-9-CM has been an ongoing requirement 

and important to implementation at all US sites 

– Contention between clinical and reimbursement use cases is largest 
ongoing editorial problem; managed only with tight control 

• Permanence: 
– Managed within SNOMED CT history mechanisms and extension 

management utilities created on-site; not  integrated into GE 

• Decision analytical: 
– Preliminary experiments employing SNOMED extension integrated with 

clinical record have demonstrated superior utility of deployment  

– GE not equipped to employ semantics in decision engine 

• Semantic interoperability: 
– Challenges are substantial and relate to deployment of full SNOMED model 

within a consistent information model; Tag level interoperation supported 

• Costs: 
– Acceptable and well managed by resources within community of shared use 

 



EPIC conversion 

• 2011 NMC signed contract with Epic for 

comprehensive implementation of software and 

conversion of GE EHR 

• Structured clinical data from Centricity to be 

converted including SNOMED data which Epic 

“supports” and encourages 

• Epic recommended IMO for vocabulary conversion 

and maintenance; we elected to employ them for 

problem list/encounter diagnoses and procedure 

history; expecting to convert allergy, PMH, FH 

SNOMED data ourselves 



EPIC Conversion 
• EPIC loads SNOMED CT international release 

subsumption (hierarchical) relationships periodically 

into master file to support concept groupers 

• Agreement with IMO negotiated to:  

1) map or add term space from Lexicon to IMO lexicals 

2) supply all mappings to ICD* integrated within Epic,  

3) convert post-coordinated concepts with associated terms 

from Lexicon into Epic installing stated form relationships 

as additional “mappings” in master file 

 



EPIC Conversion 
• Very short timeline for implementation led to 

adherence to EPIC model system 

• Conversion mappings provided by IMO were not 

provided with sufficient understanding of Epic 

database to work seamlessly 

• Terms and ICD mappings for problem list were 

excellent out of the box 

• Procedure history could not be converted due to 

pressure of implementation scheduling 

• Lexicon port-coordinated data (defining relationships) 

were not implemented 

 



“Secondary pneumonia” 
Modelled (stated) form 

130001000004105 

DZ-99987 

Secondary pneumonia 

246075003 

CAUSATIVE AGENT 

36272005  

Infectious agent 

255234002 

AFTER 

275498002 

Respiratory infection 

23360407 

Pneumonia ≡ 264569006 

Secondary  infection 



“Secondary pneumonia” 

 



Lexicon EPIC Report Card 
• Expressivity: 

– IMO added substantially to terms available for capture of structured clinical 
data; well received clinically 

– Turn-around and responsiveness of clinical term additions yet to be tested 

• Data re-use: 
– IMO mappings to ICD-9-CM and ICD-10-CM have eased Nebraska on-site 

management requirements and appear sound 

• Permanence: 
– Nebraska maintenance of post-coordination required; not  integrated into 

EPIC 

• Decision analytical: 
– EPIC deployment of extension semantics is developmental and not 

supported at this time by IMO updates 

– Integration into EPIC grouper aggregation tools is limited to subsumption 
(although EPIC utilities suggest  more to come) 

• Interoperability:  
– “Tag” level semantic interoperability (SNOMED concept ID) supported in 

EPIC Care Everywhere  

• Costs: 
– To be evaluated incrementally in addition to IMO yearly contract costs 

 



Observations 

• SNOMED concept ID binding to vendor data 
dictionaries has been fueled by MU requirements 

• Mappings to classifications are supporting re-use of 
clinical data and are central to success in US 

• Emergence of tag level semantic interoperation in 
EHR communication (again fueled by MU) 

• These US vendors do not understand expressivity of 
SNOMED model of meaning and are spending little 
to employ defining relationships in query/decision 
support 

• Variety of information models and architectures 
means that there is no standard tooling for support of 
extensions at enterprise level 



Discussion? 


