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Disclaimers
 No relationships with commercial interest
 The views and opinions expressed do not 

necessarily state or reflect those of the 
U.S. Government, and they may not be 
used for advertising or product 
endorsement purposes



Learning objectives
 1- Explain the key elements, benefits, and limitations of 

RxNorm
 2- Practice accessing RxNorm (RxNorm dataset, RxNav, 

APIs)
 3- Identify companion resources linked to RxNorm
 4- Identify issues with analyzing drugs in observational 

datasets



Self-Assessment Questions

Question 1: Which type of information is in scope for RxNorm?
Question 2: Which use cases are covered by RxNorm?



Self-Assessment Question 1
 Which type of information is in scope for 

RxNorm?
• A. Drug names
• B. Drug codes
• C. Pricing information
• D. Drug-drug interactions
• E. Indications



Self-Assessment Question 2
 Which use cases are covered by RxNorm?

• A. E-prescribing
• B. Information exchange
• C. Formulary development
• D. Reference value sets
• E. Analytics



National Library of Medicine (NLM)

 World’s largest biomedical library
 Maintains and makes available a vast print collection
 Produces electronic information resources on a wide 

range of topics that are searched billions of times 
each year by millions of people around the globe

 Supports and conducts research, development, and 
training in biomedical informatics and health 
information technology

https://www.nlm.nih.gov/about/



NLM strategic plan (2006-2016)*
 Goal 1. Seamless, Uninterrupted Access to Expanding Collections of 

Biomedical Data, Medical Knowledge, and Health Information
 Goal 2. Trusted Information Services that Promote Health Literacy 

and the Reduction of Health Disparities Worldwide
 Goal 3. Integrated Biomedical, Clinical, and Public Health 

Information Systems that Promote Scientific Discovery and Speed 
the Translation of Research into Practice

 Goal 4. A Strong and Diverse Workforce for Biomedical Informatics 
Research, Systems Development, and Innovative Service Delivery

https://www.nlm.nih.gov/pubs/plan/lrpdocs.html



Overview
 RxNorm basics
 Applications for using RxNorm

• RxNav, RxClass, RxMix
 Follow-along examples
 Analyzing observational data with RxNorm



RxNorm basics

RxNorm – Why Should Pharmacists Care?
Part 1



Interoperability among drug vocabularies
 Exchange of information requires standardized names

• Ordering drugs
• Checking interactions
• Inventory management

 No standard naming conventions for drugs
 Integrating drug vocabularies
 Unique identifiers for drugs
 Specify relations among drug entities



Source vocabularies in RxNorm

(terms in thousands, as of March 2017)
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Normalization  Lexical level

Warfarin Sodium 1 MG Oral Tablet (855288)

Name Code Source
WARFARIN (COUMADIN) NA 1MG TAB 4005203 VANDF
warfarin 1 mg oral tablet 3617 MMSL
WARFARIN NA 1MG TAB,UD 4014039 VANDF
WARFARIN NA 1MG TAB,UD [VA Product] N0000161787 NDFRT
WARFARIN SODIUM 1 mg ORAL TABLET 14198 NDDF
WARFARIN SODIUM 1 mg ORAL TABLET 60429-784 MTHSPL
Warfarin Sodium 1 MG Oral Tablet 104045 MMX
WARFARIN SODIUM 1 mg ORAL TABLET 63629-4017 MTHSPL
WARFARIN SODIUM 1 mg ORAL TABLET [Warfarin Sodium] 53808-0985 MTHSPL
Warfarin Sodium 1 MILLIGRAM In 1 TABLET ORAL TABLET 15330-100 MTHSPL
WARFARIN SODIUM 1.09 MG ORAL TABLET 281572 MTHFDA
Warfarin Sodium 1mg Oral tablet 933 GS
Warfarin sodium 1mg tablet (product) 319733000 SNOMEDCT_US
Warfarin Sodium Tab 1 MG 6749 MDDB
Warfarin Sodium, 1 mg oral tablet 3617 MMSL
WARFARIN SODIUM@1 mg@ORAL@TABLET 14198 NDDF
[...]



Normalized form

Ingredient

Dose form

Strength

Ingredient

IngredientStrength Dose form

Strength

1 MG

Ingredient

Warfarin Sodium

Dose form

Oral Tablet

Warfarin Sodium 1 MG (855287)

Warfarin Sodium 1 MG Oral Tablet (855288)

Warfarin Oral Tablet (374319)

Clinical drug component
Clinical drug form

Clinical drug



Relations among drug entities
Ingredient

C. Drug Comp. C. Drug Form

C. Drug

Brand Name

B. Drug Comp. B. Drug Form

B. Drug

B. PackG. Pack

Zithromax 250 MG Oral TabletAzithromycin 250 MG Oral Tablet

Z-PAK{6 (Azithromycin 250 MG Oral Tablet) } Pack

Azithromycin 250 MG Azithromycin Oral Tablet A. 250 MG [Zithromax] A. Oral Tablet [Zithromax]

ZithromaxAzithromycin



What RxNorm does NOT contain
 Non-prescription drugs (limited coverage of OTC drugs)
 Non-drug entities (e.g., supplies)
 Drug classes / drug-class membership
 Indications, adverse events
 Drug-drug interactions
 Pricing information
 Dosing information



RxNorm in action

RxNorm – Why Should Pharmacists Care?
Part 2



Example  Mapping NDCs to ATC drug classes

 NDCs are attached to a clinical drug (SCD) or a 
branded (drug)

 Branded drugs are mapped to clinical drugs
 Clinical drugs are linked to their ingredient
 Many drug classification systems link classes to 

ingredient-level drugs (e.g., ATC, NDF-RT, EPC, 
MeSH pharmacologic action)



0186-5040-31

Esomeprazole (A02BC05)Esomeprazole (283742)

Esomeprazole 40 MG Delayed 
Release Oral Capsule (606730)

Esomeprazole 40 MG Delayed Release Oral 
Capsule [Nexium] (606731)

00186504031



https://rxnav.nlm.nih.gov/



RxNav
 Drug-centric browser

• RxNorm
• Prescribable subset

• RxTerms
• NDF-RT
• Pill images
• Drug-drug interactions

 Supports navigation to the rich RxNorm and NDF-RT graphs
 Links to other drug resources

• DailyMed, MedlinePlus, NLM Drug Information Portal
 Drug-centric “class view”
 Leverages the drug APIs



RxClass
 Class-centric browser

for RxNorm drugs
• ATC
• DailyMed (Mechanism of action, Physiologic effect, Chemical 

structure, FDA classes)
• MeSH (Pharmacologic actions)
• NDF-RT (VA classes, Diseases for indications/contra-indications)

 Supports search by drug or by class
 Features

• Display and navigation
• All the drugs for a class
• All the classes for a drug

• Compute similarity among drug classes
(based on shared drug members)



Application programming interfaces (APIs)

 Expose the content of RxNorm, RxTerms 
and NDF-RT (and other resources)

• Logical structure, not storage format
• Up-to-date information (monthly updates of RxNorm)
• Additional features

• Normalized and approximate matching; spelling correction
• Drug-drug interactions checking (from DrugBank)
• Link to drug classes (from ATC, DailyMed, MeSH, NDF-RT)
• Archive of NDCs since 2007

• Optimized graph traversal (pre-computed)
 For use in applications

• Web services
• SOAP, REST (XML, JSON)
• Independent of any programming language



RxMix
 Graphical interface 

to the drug APIs
• RxNorm, NDF-RT, RxTerms, RxImageAccess, Interactions, 

RxClass, MedEx, DailyMed
 Handles interoperability between functions
 Helps users compose complex queries

• Find all the NDC codes for a given allergy class (e.g., 
barbiturates)

 Supports batch execution



RxNorm use cases
 E-prescribing

• NCPDP SCRIPT standard for e-prescribing requires RxNorm
 Information exchange

• DoD and VA rely on RxNorm to mediate drug information across their electronic medical 
record systems

 Formulary development
• CMS uses RxNorm in their Formulary Reference File, as part of the guideline for Medicare 

drug benefits
 Reference value sets

• The drug  value sets used in clinical quality measures for Meaningful Use are defined in 
reference to RxNorm

 Analytics
• OHDSI, the Observational Health Data Sciences and Informatics research group, uses RxNorm

to analyze prescription data

25



Follow-along examples

RxNorm – Why Should Pharmacists Care?
Part 3



Follow-along examples
 Using RxNav

• Find the ATC class for NDC 0186-5040-31 (Nexium 40 mg delayed-released 
capsule)
• NDC → RxNorm branded drug → RxNorm ingredient → ATC ingredient → 

ATC class
 Using RxClass

• Find all RxNorm ingredients from the same class as esomeprazole
• Search classes by ingredient (or just click on a class in RxNav)

• Find other classes with similar ingredients
• Similar classes feature

 Using RxMix (Complete workflow)



Web applications
 Documentation

• https://rxnav.nlm.nih.gov/
 RxNav

• https://mor.nlm.nih.gov/RxNav/
 RxClass

• https://mor.nlm.nih.gov/RxClass/
 RxMix

• https://mor.nlm.nih.gov/RxMix/



0186-5040-31

Esomeprazole (A02BC05)Esomeprazole (283742)

Esomeprazole 40 MG Delayed 
Release Oral Capsule (606730)

Esomeprazole 40 MG Delayed Release Oral 
Capsule [Nexium] (606731)

00186504031



0186-5040-31

Esomeprazole (A02BC05)Esomeprazole (283742)

Esomeprazole 40 MG Delayed 
Release Oral Capsule (606730)

Esomeprazole 40 MG Delayed Release Oral 
Capsule [Nexium] (606731)

00186504031



https://mor.nlm.nih.gov/RxNav/



0186-5040-31

Esomeprazole (A02BC05)Esomeprazole (283742)

Esomeprazole 40 MG Delayed 
Release Oral Capsule (606730)

Esomeprazole 40 MG Delayed Release Oral 
Capsule [Nexium] (606731)

00186504031



https://mor.nlm.nih.gov/RxNav/



0186-5040-31

Esomeprazole (A02BC05)Esomeprazole (283742)

Esomeprazole 40 MG Delayed 
Release Oral Capsule (606730)

Esomeprazole 40 MG Delayed Release Oral 
Capsule [Nexium] (606731)

00186504031



https://mor.nlm.nih.gov/RxNav/



0186-5040-31

Esomeprazole (A02BC05)Esomeprazole (283742)

Esomeprazole 40 MG Delayed 
Release Oral Capsule (606730)

Esomeprazole 40 MG Delayed Release Oral 
Capsule [Nexium] (606731)

00186504031



https://mor.nlm.nih.gov/RxNav/



https://www.whocc.no/atc_ddd_index/

dexrabeprazole
not on the U.S. 
market

*

Finding all 
PPI drugs
in ATC



https://mor.nlm.nih.gov/RxClass/



Classes in other 
drug classification 
systems



https://mor.nlm.nih.gov/RxClass/







https://mor.nlm.nih.gov/RxClass/



0186-5040-31

Esomeprazole (A02BC05)Esomeprazole (283742)

Esomeprazole 40 MG Delayed 
Release Oral Capsule (606730)

Esomeprazole 40 MG Delayed Release Oral 
Capsule [Nexium] (606731)

00186504031

Automating the 
mapping from NDC 
to ATC using RxMix



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



0186-5040-31

Esomeprazole (A02BC05)Esomeprazole (283742)

Esomeprazole 40 MG Delayed 
Release Oral Capsule (606730)

Esomeprazole 40 MG Delayed Release Oral 
Capsule [Nexium] (606731)

00186504031
rxnorm:findRxcuiById

(“NDC”, “0186-5040-31”, 0)
→ 606731







0186-5040-31

Esomeprazole (A02BC05)Esomeprazole (283742)

Esomeprazole 40 MG Delayed 
Release Oral Capsule (606730)

Esomeprazole 40 MG Delayed Release Oral 
Capsule [Nexium] (606731)

00186504031

rxnorm:getRelatedByType
( “606731”, “IN”)

→ 283742







0186-5040-31

Esomeprazole (A02BC05)Esomeprazole (283742)

Esomeprazole 40 MG Delayed 
Release Oral Capsule (606730)

Esomeprazole 40 MG Delayed Release Oral 
Capsule [Nexium] (606731)

00186504031rxclass:getClassByRxNormDrugId
( “283742”, “ATC”, “ALL”)
→ A02BC, Proton pump 

inhibitors









0186-5040-31

Esomeprazole (A02BC05)Esomeprazole (283742)

Esomeprazole 40 MG Delayed 
Release Oral Capsule (606730)

Esomeprazole 40 MG Delayed Release Oral 
Capsule [Nexium] (606731)

00186504031
rxclass:getClassGraph( “A02BC”)
→ A02B, DRUGS FOR PEPTIC ULCER AND GASTRO-

OESOPHAGEAL REFLUX DISEASE (GORD); 
A02, DRUGS FOR ACID RELATED DISORDERS; 

A, ALIMENTARY TRACT AND METABOLISM







Analyzing observational data with 
RxNorm

RxNorm – Why Should Pharmacists Care?
Part 4



Source of observational data (drugs)
 Surescripts transactions
 Data from payers

• Medicaid
• Medicare Part D

 Commercial health analytics companies
• Truven (120M patients)
• PharMetrics Plus (100M patients)
• Ambulatory EMR (35M patients)
• Open Claims (250M patients)

 Networks of clinical data warehouses
• PCORnet, OHDSI, Health Facts, …

 Reagan-Udall Foundation for the FDA
• IMEDS Research Lab (temporarily suspended)

61



Common use cases
 Pharmaco-epidemiology

• Assess exposure to drugs (by ingredient or class)
• Assess prescribed daily dose
• Identify potentially inappropriate medications

• Elderly (Beers)
• Pregnant women (Briggs)

 Outcomes research
• Comparative effectiveness
• Pharmacovigilance and drug safety

 “Learning Health System”

62



Prescribed vs. defined daily dose
 Dataset

• Surescripts feed
• All prescriptions to ER patients
• For 3 months in 2011 in a Bethesda hospital

 Reference for defined daily dose: ATC
 Methods

• RxNorm clinical drug → RxNorm ingredient ↔ ATC ingredient → ATC defined daily dose ↔ prescribed daily 
dose 

• Restricted to systemic drugs (based on dose form)
 Findings

• Confirmed feasibility
• 25% of the prescriptions exactly match the ATC DDD
• 50% of the prescriptions within 66-150% of the ATC DDD
• 75% of the prescriptions within 50-200% of the ATC DDD

[Bodenreider, AMIA, 2014]



ATC/DDD Index

Surescripts

Amoxicillin 500 
MG Oral 
Capsule
(308191)

40 capsules 10 days

Methods  Example

RxNorm

Amoxicillin 500 
MG Oral 
Capsule
(308191)

40 x 500 mg / 
10 = 2 g

Amoxicillin (723)

Oral Capsule

amoxicillin
(J01CA04)

O
1 g



Results  Prescription classification
N=86,578

Atorvastatin
Simvastatin
Lisinopril
Metoprolol

Amlodipine
Furosemide
Atenolol
Hydrochlorothiazide

Zolpidem
Sertraline
Escitalopram
Alprazolam
Clonazepam

Gabapentin
Quetiapine
Oxycodone
Fluoxetine
Duloxetine



PDD/DDD
(log scale)

86.1% of the prescriptions are within 33%-300% of the ATC DDD
3x

1/3

Deviation of the prescribed daily dose (PDD) in Surescripts
from the defined daily dose (DDD) in ATC

for 68,462 oral solid dose form prescriptions 

10.4% < 33%
of the ATC DDD

3.5% > 300%
of the ATC DDD

2x

1/2

76.1% of the prescriptions are within 50%-200% of the ATC DDD
1.5x 49.5% of the prescriptions are within 66%-150% of the ATC DDD

2/3

28.6% of the prescriptions
exactly match the ATC DDD



Issues
 No normalization of drugs in claims data
 NDCs contain clinically irrelevant details and need 

to be aggregated
 Many NDCs are obsolete and need to be mapped 

to current drugs for analysis
 Many drug classification systems link ingredients 

to classes, leading to ambiguous associations



Wrap-up



Key Takeaways
 Use standards!

• Because it is a standard drug terminology (in the U.S.), RxNorm can 
help integrate, exchange and analyze prescription data

 Try it ay home!
• RxNav and RxClass are useful tools for exploring RxNorm drugs and 

classes from several drug classification systems
• RxMix helps automate mapping across drug entities for non-

programmers
 Participate in research activities!

• Pharmacists are increasingly involved in research, especially with 
observational data from claims and electronic health records



Self-Assessment Question 1
 Which type of information is in scope for 

RxNorm?
•  A. Drug names
•  B. Drug codes
•  C. Pricing information
•  D. Drug-drug interactions
•  E. Indications



Self-Assessment Question 2
 Which use cases are covered by RxNorm?

•  A. E-prescribing
•  B. Information exchange
•  C. Formulary development
•  D. Reference value sets
•  E. Analytics



Medical
Ontology
Research

Contact:
Web:

olivier@nlm.nih.gov
https://mor.nlm.nih.gov

Olivier Bodenreider

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