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Outline 

RxNorm 
 Drug vocabulary integration 
 Drug vocabulary normalization 

Visualizing drug information: RxNav 
 Processing drug information: RxNorm API 
 Integrating drug information sources 

 Sister APIs (RxTerms, NDF-RT, RxImageAccess) 
Enabling complex queries: RxMix 
Usage and applications 



RxNorm 

Overview 
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UMLS-like approach 

 12 source vocabularies 
 Synonymous names grouped into an RxNorm concept 
 Unique identifiers (RxCUI) 
 RRF format 

 
 Differences 

 RxNorm creates its own names 
 Principled use of names relationships 
 Limited scope: drug names 
 Monthly updates (and weekly additions) 
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Source vocabularies in RxNorm 

(terms in thousands, as of Sept. 2013) 
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Normalization  Lexical level 
 GS Digoxin 0.25mg/1mL Solution for injection 
 GS Digoxin 500mcg/2mL Solution for injection 
 MDDB 'Digoxin Inj 0.25 MG/ML 
 MMSL digoxin 250 mcg/mL (0.25 mg/mL) injectable solution 
 MMSL Digoxin, 250 mcg/mL (0.25 mg/mL) injectable solution 
 MMX Digoxin 0.25 MG/ML Injection Solution 
 MTHFDA DIGOXIN 0.25 MG INTRAMUSCULAR INJECTION, SOLUTION 
 MTHFDA DIGOXIN 250 MCG INTRAMUSCULAR INJECTION 
 MTHFDA DIGOXIN 250 MCG INTRAVENOUS INJECTION 
 MTHSPL digoxin 0.25 MILLIGRAM In 1.0 MILLILITER INTRAVENOUS INJECTION 
 MTHSPL Digoxin 250 MICROGRAM In 1 MILLILITER INTRAVENOUS INJECTION, SOLUTION 
 NDDF DIGOXIN 250 mcg/mL INJECTION AMPUL (ML) 
 NDDF DIGOXIN 250 mcg/mL INJECTION DISPOSABLE SYRINGE (ML) 
 NDDF DIGOXIN@250 mcg/mL@INJECTION@AMPUL (ML) 
 SNOMEDCT Digoxin 250micrograms/mL injection solution 2mL ampule 
 SNOMEDCT Digoxin 500micrograms/2mL injection 
 VANDF DIGOXIN 0.25MG/ML INJ 
 […] […] 

Digoxin 0.25 MG/ML Injectable Solution 
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Normalization  Structural level 

 Structural level 
 Atomic elements 

 Ingredient (fluoxetine) 
 Strength (10 MG) 
 Dose form (oral tablet) 

 Generic vs. Brand names (fluoxetine vs. Prozac) 
 Principle set of relationships among the different types 
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Drug entities in RxNorm 

 Content 
  11,434 ingredients (P/IN) 
  7,000 brand names 
  20,100 clinical drugs 
  11,080 branded drugs 
  16,661 clinical drug comp. 
  10,458 branded drug comp. 
  8,735 clinical drug forms 
  8,214 branded drug forms  
  337 generic packs 
  413  branded packs 
  104 dose forms 

 120,115 drug entities overall 

(active concepts, as of Sept. 2013) 
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Visualizing drug information 

RxNav 
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RxNav 

 Visualization and navigation 
 RxNorm browser 

 Search on names and codes (including proprietary) 
– Auto-completion and spelling correction 

 Display all non-proprietary information 
– Graph 
– Tabular format 

 Integrate information beyond RxNorm 
– RxTerms, NDF-RT, Pill images, MeSH and ATC classes 
– Link out to DailyMed, MedlinePlus, NLM Drug Info. Portal 

 Standalone online application 
 Latest RxNorm database at NLM 
 Leverages the RxNorm API 

 First release: September 2004 
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RxNav demo 

http://rxnav.nlm.nih.gov/ 

http://rxnav.nlm.nih.gov/
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Processing drug information 

RxNorm Application Programming Interface (API) 
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RxNorm API 

Made available in March 2008 
Based on Web Services 

 SOAP, REST (XML, JSON) 
 Independent of any programming language 

Used by RxNav and other applications 
Enable access to all information displayed in 

RxNav 
Documentation 

 http://rxnav.nlm.nih.gov/RxNormAPIs.html# 

http://rxnav.nlm.nih.gov/RxNormAPIs.html
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Main API functions 

 Map drug codes and names to RxNorm 
 Including proprietary names and codes 
 Spelling correction 
 Various types of matching tailored to drugs 

 Exact, normalized, approximate 
 Get RxNorm information 

 Properties (synonyms, NDCs, attributes, sources) 
 Proprietary names and codes require UMLS credentials 

 Relations (pairwise relations between entity types) 
 Others 

 Concept status 
 Point to the current version of obsolete codes 

 List of all drug terms 
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RESTful API  Example 

http://rxnav.nlm.nih.gov/REST/rxcui?name=bactrim 
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Differences from the database 

Does not require local installation / updates 
 Focus on the logical representation of drug 

information 
 Not its storage 

 Functions not available in SQL queries 
 Normalization and approximate matching 
 Remapping of obsolete concepts 

Optimized graph traversal / instantiation 
 All pairwise relations between entity types pre-

computed 
 



Reference implementations 

 



Integrating drug information sources 

“Sister APIs” 
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NDF-RT 

Developed by the Veterans Health Administration 
 Integrated in RxNorm since June 2010 
 Provides the clinical information “missing” from 

RxNorm 
 Therapeutic intent, contra-indications 
 Mechanism of action, physiologic effect 
 Pharmacologic classes 
 Drug-drug interactions 

 



CLOPIDOGREL 

CLOPIDOGREL 
BISULFATE 

CLOPIDOGREL BISULFATE 75MG TAB 

Pharmaceutical Preparations 

Drug Products 
by VA Class 

Drug Products by Generic 
Ingredient Combinations 

External 
Pharmacologic Classes 

Anti-coagulant 

Platelet Aggregation Inhibitor 

C [Preparations] 

BLOOD PRODUCTS 
/MODIFIERS 

/VOLUME EXPANDERS 

PLATELET 
AGGREGATION 

INHIBITORS 

Decreased 
Coagulation Activity 

Decreased 
Platelet Aggregation 

… 

Myocardial Infarction 

clopidogrel 

Hemorrhage 

has PE 

has PE 

Legend 
• has PE: has physiologic effect 
• CI with: contra-indicated with 

  isa (stated) 

Representation of the drug 
Clopidogrel in NDF-RT 

Legacy VA classes 
 
 
 
 

External classes 
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NDF-RT API 

Made available in 2011 
 SOAP and REST flavors 
Relies on the OWL version of NDF-RT 
 Support for limited inference 

 All indications of a drug 
 Stated or inferred 

 All drugs that treat some disease 
 Drugs that treat the disease or any of its descendants 

Used to display NDF-RT information in RxNav 
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RxTerms 

 Drug interface terminology derived from RxNorm for 
prescription writing or medication history recording 
 Commonly used synonyms and abbreviations (e.g. HCTZ 

for hydrochlorothiazide) 
 "tall man" lettering recommended by FDA to avoid 

medication errors (e.g. ChlorproMAZINE and 
ChlorproPAMIDE) 

 http://wwwcf.nlm.nih.gov/umlslicense/rxtermApp/rxTerm.cfm 

 Developed at NLM 
 Many RxTerms features have been integrated in 

RxNav 

http://wwwcf.nlm.nih.gov/umlslicense/rxtermApp/rxTerm.cfm


Enabling complex queries 
to drug information sources 

RxMix 
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Motivation 

Drug information sources can be used 
programmatically through Application 
Programming Interfaces (APIs) 
 RxNorm, NDF-RT, RxTerms, RxImageAccess 

Difficult to compose complex queries within and 
across multiple APIs 
 Interoperability of functions 

 → Model for interoperability 

 Programming is required 
 → Graphical interface 
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Example use case 

 Find all the brand name products available for a 
given clinical drug string 
 Input: citalopram 20 mg oral tablet 
 Output: Celexa 

Workflow 
 

Name + ID 
(brand name) 

getRelatedByType 

215928 
Celexa 

RxNorm ID 
(clinical drug) 

name 
(clinical drug) 

findRxcuiById 

200371 
citalopram 20 mg 

oral tablet 

citalopram 20 mg 
oral tablet 
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Interoperability among API functions 

 Interoperability rule   
 If the input of function B matches the output of function A, 

then function A is potentially interoperable with function B 
 Implementation 

 Supported by an ontology describing the input or output of 
functions 
 Also used to drive the RxMix application 

 Example 
 A: rxnorm:findRxcuiById has_output RxCUI 
 B: rxnorm:getRelatedByType has_input RxCUI 
 input of B matches the output of A  

=> rxnorm:getRelatedByType interoperable_with 
rxnorm:findRxcuiById  
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“Real-life” use case 

 Find all the NDC codes for a given allergy class 
(e.g., barbiturates) 
 Input: [NDF-RT] Barbiturates (N0000008016) 
 Output: [RxNorm] list of NDC codes 

Complex workflow 
 RxNorm ID 

(SCD/SBD) 

201628 
Amytal Sodium 

100 MG/ML 
Injectable Solution 

[…] 

42998030301 
[…] 

NDC code NDF-RT ID 
(chem. ingr.) 

N0000008016 
Barbiturates 

name 

Barbiturates 
 

NDF-RT ID 
(drug/ingr.) 

N0000005827 
Amobarbital 

[…] 

RxNorm ID 
(ingredient) 

719 
Amobarbital 

[…] 

findConceptsByName getRel.ConceptsByRev.Role findRxcuiById getRelatedByType getNDCs 

http://mor.nlm.nih.gov/RxMix/ 

http://mor.nlm.nih.gov/RxMix/
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http://mor.nlm.nih.gov/RxMix/ 

http://mor.nlm.nih.gov/RxMix/
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RxNorm ID 
(SCD/SBD) NDC code NDF-RT ID 

(chem. ingr.) name NDF-RT ID 
(drug/ingr.) 

RxNorm ID 
(ingredient) 

findConceptsByName getRel.ConceptsByRev.Role findRxcuiById getRelatedByType getNDCs 
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RxNorm ID 
(SCD/SBD) NDC code NDF-RT ID 

(chem. ingr.) name NDF-RT ID 
(drug/ingr.) 

RxNorm ID 
(ingredient) 

findConceptsByName getRel.ConceptsByRev.Role findRxcuiById getRelatedByType getNDCs 
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RxNorm ID 
(SCD/SBD) NDC code NDF-RT ID 

(chem. ingr.) name NDF-RT ID 
(drug/ingr.) 

RxNorm ID 
(ingredient) 

findConceptsByName getRel.ConceptsByRev.Role findRxcuiById getRelatedByType getNDCs 
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RxNorm ID 
(SCD/SBD) NDC code NDF-RT ID 

(chem. ingr.) name NDF-RT ID 
(drug/ingr.) 

RxNorm ID 
(ingredient) 

findConceptsByName getRel.ConceptsByRev.Role findRxcuiById getRelatedByType getNDCs 
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RxNorm ID 
(SCD/SBD) NDC code NDF-RT ID 

(chem. ingr.) name NDF-RT ID 
(drug/ingr.) 

RxNorm ID 
(ingredient) 

findConceptsByName getRel.ConceptsByRev.Role findRxcuiById getRelatedByType getNDCs 
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RxNorm ID 
(SCD/SBD) NDC code NDF-RT ID 

(chem. ingr.) name NDF-RT ID 
(drug/ingr.) 

RxNorm ID 
(ingredient) 

findConceptsByName getRel.ConceptsByRev.Role findRxcuiById getRelatedByType getNDCs 
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Complete workflow 
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Add input and run 
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Output 

 

Over 1000 NDCs retrieved 
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Examples of use cases 

 Finding clinical drugs which may cause allergic 
reactions 

 Finding interactions to RxNorm clinical drugs 
 Finding NDF-RT ingredients from RxNorm 

clinical drugs 
 Finding VA classes for RxNorm clinical dose 

forms 
 Finding brand names from clinical drug strings 

Library of common use cases integrated in RxMix 



Applications & Usage 
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NLM applications 

RxNav 
 
 
 

MyMedicationList iOS app 
 
 
 

MyRxPad 
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NLM applications 

MedlinePlusConnect 
 Map NDCs to RxCUIs 
 Remap obsolete RxCUIs 
 Navigate through RxNorm 

Value Set Authority Center 
 Validate RxNorm codes 
 Check entity type 
 Remap obsolete codes 
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Applications outside NLM  Research 

 In research projects 
 RxSafe (OHSU) 

 “improve medication safety for patients” 
 http://www.ohsu.edu/RxSafe/ 

 My-Medi-Health (Vanderbilt) 
 “Child-Centered Medication Management” 
 http://www.projecthealthdesign.org/projects/overview-

2006_2008/405594/406293 

 Health Ontology Mapper (CTSA-i2b2/SHRINE) 
 “automated formulary data instance mapping” 
 https://community.i2b2.org/wiki/display/HOM/HOM+Home 

 

 

http://www.ohsu.edu/RxSafe/
http://www.projecthealthdesign.org/projects/overview-2006_2008/405594/406293
http://www.projecthealthdesign.org/projects/overview-2006_2008/405594/406293
https://community.i2b2.org/wiki/display/HOM/HOM+Home
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Applications outside NLM  Apps 

EHR/PHR 
 iBlueButton 

Medication lists / histories 
 Drug Diary 
 RefillWizard 
 PillRack 
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Usage statistics  RxNav sessions 
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Usage statistics  API queries 
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Usage statistics  API queries 
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Who are our users? 

 NLM 
 MedlinePlusConnect (~10%) 

 Health application developers 
 Academic projects 
 Pharmacists (insurance, benefit managers) 
 ??? 

 42,000 unique IP addresses (Jan.-Aug. 2013) 
 Top 20 IP addresses account for ~ 80% of the traffic 
 Who is  

“ec2-50-xx-211-251.us-west-1.compute.amazonaws.com”? 
(200,000 queries in Aug. 2013) 
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Spreading the word 

 8 posters (AMIA, Medinfo, MIE) 
 6 demos / webinars 
 5 conference papers (AMIA, Medinfo) 
 2 journal articles 



Medical 
Ontology 
Research 

Olivier Bodenreider 

Lister Hill National Center 
for Biomedical Communications 
Bethesda, Maryland - USA 

Contact: 
Web: 

olivier@nlm.nih.gov 
mor.nlm.nih.gov 
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