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As said by Hippocrates, the father of medicine, “Wherever the art of Medicine is loved, there is also a love of Humanity”. In today’s world, everyday Physicians make thousands of clinical decisions for patient care. Be it in hospitals, healthcare settings or even monitoring healthcare data of trial participants in clinical setting. With the volume and diversity of data sources it becomes extremely challenging to cater to each patient, or to deliver a personalized approach to patient care. Modern approaches to patient care does demand the need of personalized and precision medicine where each patient is at the center of the galaxy. Today we will be discussing about how Real-World Data may be curated and combined with patient data, along with the application of AI/ML techniques to find drug related adverse events, drug interactions. How new knowledge gained from patient or physician reported data may be collated to create individualized patient summary reports. This approach will help with reducing medication or prescription errors, which remains as an unmet need in modern healthcare.




FACTS FROM AROUND THE WORLD ON PRESCRIPTION/MEDICAL ERRORS 
“Study Suggests Medical Errors Now Third Leading Cause of Death in the U.S.
Physicians advocate for changes in how deaths are reported to better reflect reality
Analyzing medical death rate data over an eight-year period, Johns Hopkins patient safety experts have calculated that more 
than 250,000 deaths per year are due to medical error in the U.S. Their figure, published May 3 in The BMJ, surpasses the 
U.S. Centers for Disease Control and Prevention’s (CDC’s) third leading cause of death — respiratory disease, which kills 
close to 150,000 people per year.”

Reference:
“Study Suggests Medical Errors Now Third Leading Cause of Death in the U.S. - 05/03/2016.” Johns Hopkins Medicine, 
Based in Baltimore, Maryland, 
https://www.hopkinsmedicine.org/news/media/releases/study_suggests_medical_errors_now_third_leading_cause_of_death_in_the_us.

“In hospitals, errors occur in every step of medication use process starting from procuring the drug to prescribing, transcribing, 
dispensing, administering, and monitoring its effect.2 Annually 7,000 mortalities have been reported due to medication errors.3 In 
India, the medication errors and medication-related problems are mainly due to irrational use of medications.4,5 According to a 
recent finding, the incidence of adverse drug events was as high as 82/1,000 prescriptions in Delhi, and the national figures report up 
to 5.2 million medical errors annually.4,5”

Reference:
Bhutada, Anand. “Incidence of Medication Error in Critical Care Unit of a Tertiary Care Hospital: Where Do We Stand?” Indian 
Journal of Critical Care Medicine : Peer-Reviewed, Official Publication of Indian Society of Critical Care Medicine, U.S. National 
Library of Medicine, Sept. 2020, 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7584828/#:~:text=Annually%207%2C000%20mortalities%20have%20been%20reported%20due%20to%20medicatio
n%20errors.&text=In%20India%2C%20the%20medication%20errors,to%20irrational%20use%20of%20medications. 

“Globally, the cost associated with medication errors has been estimated at $42 billion USD annually. It is projected that 5%
of all patients who are admitted to a hospital experience a medication error, and that an average hospital will have one
medication error every 23 hours or every 20 admissions. Medication errors result in severe patient harm, disability and even
death.”
Reference:
WFSA, By: and By: Sophie Harris. “World Patient Safety Day: Medication without Harm.” WFSA, 17 Sept. 2022, https://wfsahq.org/news/latest-
news/world-patient-safety-day-medication-without-harm/. 
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Some Facts from around the world:
According to a 2016 study: “Analyzing medical death rate data over an eight-year period, Johns Hopkins patient safety experts have calculated that more than 250,000 deaths per year are due to medical error in the U.S”. The CDC states that Medication errors are third leading cause of death in the US.
 
According to a Peer-Reviewed Journal, Official Publication of Indian Society of Critical Care Medicine, published in Sept. 2020 at the U.S. National Library of Medicine; In hospitals, errors occur in every step of medication use process starting from procuring the drug to prescribing, transcribing, dispensing, administering, and monitoring its effect. Annually 7,000 mortalities have been reported in India due to medication errors.
 
 According to an article published by World Federation of Societies of Anaesthesiologists on world Patient Safety Day: Globally, the cost associated with medication errors has been estimated at $42 billion USD annually. It is projected that 5% of all patients who are admitted to a hospital experience a medication error, and that an average hospital will have one medication error every 23 hours or every 20 admissions. Medication errors result in severe patient harm, disability and even death.”


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7584828/#B2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7584828/#B3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7584828/#B4
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7584828/#B5
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7584828/#B4
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7584828/#B5
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Our Agenda today is exhaustive as we discuss innovative approaches with the Applications of Real-World Data for Avoiding Prescription Errors and Ensuring Patient Safety, by Curating Real World Data from authorized resources and using NLP techniques to create insightful patient profiles or patient summary reports.



INTRODUCTION

WHAT ARE 
PRESCRIPTION/MEDICAL 
ERRORS?

“The National Coordinating Council for 
Medication Error Prevention and Analysis 
(NCC MERP) defines a medication error as 
any preventable event that may cause or 
lead to inappropriate medication use or 
patient harm while the medication is in the 
control of a healthcare provider, patient, or 
consumer. ”

Reference: Center for Drug Evaluation and 
Research. (n.d.). Medication errors related to 
drugs. U.S. Food and Drug Administration. 
https://www.fda.gov/drugs/drug-safety-and-
availability/medication-errors-related-cder-
regulated-drug-products 

TYPES OF MEDICATION ERRORS
•Prescribing
•Omission
•Wrong time
•Unauthorized drug
•Improper dose
•Wrong dose prescription/wrong dose preparation
•Administration errors include the incorrect route of administration, giving the 
drug to the wrong patient, extra dose, or wrong rate
•Monitoring errors such as failing to take into account patient liver and renal 
function, failing to document allergy or potential for drug interaction
•Compliance errors such as not following protocol or rules established for 
dispensing and prescribing medications
•One of the major causes of medication errors is distraction. Nearly 75% of 
medication errors have been attributed to this cause..”

Reference: Medication Dispensing Errors and Prevention - NCBI Bookshelf. 
https://www.ncbi.nlm.nih.gov/books/NBK519065/. RE01 – REAL WORLD EVIDENCE – PHUSE 2023
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So, what are What are Prescription/Medication Errors?
The National Coordinating Council for Medication Error Prevention and Analysis (NCC MERP) defines a medication error as any preventable event that may cause or lead to inappropriate medication use or patient harm while the medication is in the control of a healthcare provider, patient, or consumer. And they could be related to prescribing, omission, wrong timing, incorrect route of administration, giving the drug to the wrong patient, extra dose, or wrong rate, Monitoring errors such as failing to take into account patient liver and renal function, failing to document allergy or potential for drug interaction and also Compliance errors.



FDA GUIDELINES ON MEDICATION ERRORS
Along with the Center for Biologics Evaluation and Research (CBER), the Division of Medication Error Prevention and Analysis (DMEPA) and Division of Mitigation Assessment
and Medication Error Surveillance (DMAMES) are two units within the FDA’s Center for Drug Evaluation and Research (CDER), Office of Medication Error Prevention and Risk
Management (OMEPRM). They are a multidisciplinary teams of safety analysts, responsible for monitoring and preventing medication errors related to the naming, labeling,
packaging, and design for CDER-regulated drug and biological products, right from preapproval to post approval.

Reference:

Center for Drug Evaluation and Research. “Medication Errors Related to Drugs.” U.S. Food and Drug Administration, FDA, https://www.fda.gov/drugs/drug-safety-and-
availability/medication-errors-related-cder-regulated-drug-
products#:~:text=DMEPA%20and%20DMAMES%20have%20multidisciplinary,product's%20lifecycle%2C%20from%20preapproval%20to. 

Presenter
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FDA has taken many important steps: The Division of Medication Error Prevention and Analysis (DMEPA) and Division of Mitigation Assessment and Medication Error Surveillance (DMAMES) are two units within the FDA’s Center for Drug Evaluation and Research (CDER), Office of Medication Error Prevention and Risk Management (OMEPRM). They have multidisciplinary teams of safety analysts, responsible for monitoring and preventing medication errors right from preapproval to post approval.




MedWatch, the FDA’s medical product safety 
reporting program for health professionals, 
patients and consumers.
https://www.accessdata.fda.gov/scripts/medwatc
h/index.cfm

Reporting Prescription errors and related Adverse Events - MedWatch

The Sentinel Initiative has computer programs
that analyze electronic healthcare data to
answer the FDA's questions on approved
medical products managed by the CDER(Center
for Drug Evaluation and Research) and
CBER(Center for Biologics Evaluation and
Research) These computer programs use
statistical methods to study relationships and
patterns in medical billing information and
electronic health records enabling medication
errors tracking
Reference:
“Medication Error Pharmacovigilance and the 
FDA Sentinel System.” Sentinel Initiative, 11 
Apr. 2023, https://www.sentinelinitiative.org/. 
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FDA has also set up the online reporting system called MedWatch, which is a medical product safety reporting program for health professionals, patients and consumers.
FDA’s The Sentinel Initiative has computer programs that analyze electronic healthcare data to answer the FDA's questions on approved medical products. These computer programs use statistical methods to study relationships and patterns in medical billing information and electronic health records enabling medication errors tracking.

https://www.accessdata.fda.gov/scripts/medwatch/index.cfm


• “A 2013 meta-analysis found that the likelihood of a 
prescribing error was reduced by 48% when using 
CPOE compared with paper-based orders, which 
translates into more than 17 million medication errors 
prevented yearly in United States hospitals. Studies of 
e-prescribing systems—CPOE systems used primarily 
in outpatient practices that allow direct transmittal of 
prescriptions to pharmacies—have also found similar 
effectiveness at preventing outpatient prescribing 
errors.”

Reference:
• “Computerized Provider Order Entry Systems.” 

Patient Safety Network, 
https://psnet.ahrq.gov/primer/computerized-provider-
order-entry. 

• https://www.fda.gov/media/161944/download. 
“Medication or Other Substance Dashboard.” AHRQ, 
https://www.ahrq.gov/npsd/data/dashboard/medicatio
n.html. 

• “Americans' Experiences with Medical Errors and 
Views on Patient Safety.” Patient Safety Network, 
https://www.ihi.org/about/news/Documents/IHI_NPSF
_Patient_Safety_Survey_Fact_Sheets_2017.pdf. 

SOME STATS ON MEDICATION ERRORS 

Stats - Incorrect Dosing -
AHRQ

Stats – Survey NORC, 
University of Chicago

RE01 – REAL WORLD EVIDENCE – PHUSE 2023

Presenter
Presentation Notes
According to Agency for Healthcare Research and Quality dashboard, which is one of twelve agencies within the United States Department of Health and Human Services medication errors could be due to overdose, missed dose with most events related to dose monitoring.
From the patient’s perspective: According to a survey conducted by the NORC at the University of Chicago, which is one of the largest independent social research organizations six in 10 adults with medical error experience say that the medical problem was misdiagnosed.




Pragmatic Trials and Real-World Evidence

Advantages of Pragmatic Trials and Real-World Data:

Unlike Explanatory trials, Pragmatic Trials can use multiple Health Systems for wider data collection. 

Pragmatic Trials are beneficial to study how a specific intervention may work in different healthcare settings using all facilities 
and tools available at a healthcare setting. 

Some of the other advantages are: Wide Eligibility Criteria, flexible Interventions, Objective Clinical Outcome and Clinical 
decisions. Some of the real-world data sources are:
• Electronic Health Records 
• Medical Claims data 
• Product Registries
• Disease registries 
• Digital Devices

Trials of Interest : National Institute of Aging (NIA)+ National Institute of Health(NIH)
Shed MEDS – a randomized controlled trial to evaluate the effects of an intervention to reduce medication use among 
hospitalized older adults discharged to skilled nursing facilities.
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Let’s now come back to how this related to clinical research and what happens in a clinical trial scenario, with a focus on Pragmatic trials? 
Pragmatic Trials are beneficial to study how a specific intervention may work in different healthcare settings using all facilities and tools available at a healthcare setting, they use multiple Health Systems for wider data collection. Wide Eligibility Criteria, flexible Interventions, Objective Clinical Outcome and Clinical decisions. Some of the real-world data sources are:
Electronic Health Records, Medical Claims data, Product Registries, Disease registries, Digital Devices etc.
One of the trials to highlight is the ShedMEDS: Seniors are often prescribed multiple medications. This trial runs with a hypothesis that reducing medications for older patients across the continuum of care will favorably impact geriatric syndromes.


https://projectreporter.nih.gov/project_info_description.cfm?aid=9352922&icde=34251699
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Curating Real World Data to Support Clinical Decision Making 

Electronic Medical Records

Disease registry Data – Measurable Outcomes

Digital Devices Data

FDA – FAERS Data

FDA – Sentinel Initiative

National Library of Medicine – RxNav

Center for Disease Control –CDC – Chronic 
Disease History/ Disease Outcomes Data.

All this Information may be combined to create a Patient level 360° panoramic  view

Presenter
Presentation Notes
How can patients and physicians benefit from Real World Date? For Patients in healthcare settings or hospitals combining Real world data with Patient data would help with making patient centric decisions, this would provide a wholistic picture of the patient based on existing and new knowledge which is generated at every moment through the data collection systems. Same is the case for trial participants, wEHRe Electronic Health Records data, Drug Interactions, Disease Outcomes, Drug Related AE’s may be correlated with existing patient record to help the caregiver on the next course of action.



Applications of Real-World Data for Avoiding Prescription Errors and Ensuring Patient Safety

How Real-World Data May 
be Leveraged 

To get the latest drug 
interaction information, Drug 
related Adverse events.

Drug Related Adverse Events 
– DrugBank

Drug Interactions Data –
DrugBank

Drug Related Serious  
Adverse Events from 
OpenFDA

Electronic Health 
Records Data Collection

Administrative
Demographic information
Diagnosis,
Procedures
Prescription drugs, 
laboratory tests, 
Physiologic monitoring 
data
Hospitalization
Claims

Clinical Trials Data 
Collection

Demographics 
Adverse Events
Vital Signs 
Exposure
Labs
Physical Exam
Concomitant Medications
PK Parameters
Inclusion Exclusion
Medical History
Disposition
Physiologic monitoring data
Hospitalization
Patient Generated data

Data Standardization Common 
Data Model

Domains

DM

CO

CM

EX

SU

AE

DS

DE

MH

EG

IE

LB

TA
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Patient care data in hospital systems follow the SNOMED Clinical Terminology system. Patient data in EHR’s are available in both structured and unstructured format. Data may be organized into Administrative, Demographic, Diagnosis, Procedures, Prescription drugs, laboratory tests, Physiologic monitoring data, Hospitalization or Claims subcategories. Clinical data as you know may be organized in the specified Domains, well structured and formatted. Using Common Data Model Standardization Electronic Health records data may be transcribed in to clinical domains. 
Please note, pharmacovigilance concepts coded in SNOMED CT in an electronic health record (EHR) could be converted to MedDRA for the purpose of adverse event reporting to regulatory authorities or for the purposes of epidemiological research. Our main focus will be using Real World Data Sources like Drug Related Serious Adverse Events from OpenFDA, Drugbank, Drug Interactions Data – DrugBank. DrugBank database is a comprehensive, freely accessible, online database containing information on drugs and drug targets created and maintained by the University of Alberta and The Metabolomics Innovation Centre located in Alberta, Canada.



Data Source

Electronic Health 
Records

Diagnosis –
SNOWMED CT

Pharmacy
RxNav

Data Source

Electronic Data 
Capture – Clinical 
Research

Adverse Events 
MedDRA

Prior and 
Concomitant 
Medications
WHO Drug 
Dictionary 

Mappings are available to Map 
SNOWMED to MedDRA

RxNav API, Common Link between the 
two Clinical Terminologies using the 
following coding system:
RXCUI,
SNOWMED CT CODE
MedDRA PT 

Mine Drug Interactions 
from existing knowledge 
base
EHR data  + DrugBank, 
key=RxNav, RXCUI, 
SNOWNED CT CODE

Mine Adverse events 
existing knowledge base
EHR data  + DrugBank, 
key=RxNav,RXCUI, 
SNOWNED CT CODE 

Mine Adverse events 
existing Real World Data
Clinical data/AE  + 
OpenFDA, key=medicinal 
product, reaction and 
Natural Language 
Processing 
EHR Data + Drug Side 
Effects Data from a 
knowledgebase/DrugBank. 

Mine Adverse events 
existing knowledge base
Clinical data/AE  + 
DrugBank, key=RxNav, 
ATC code 

Mine Drug 
Interactions existing 
knowledge base
Clinical 
data/CONMED  + 
DrugBank, 
key=RxNav, ATC 
Code

Mine Adverse events 
existing Real World Data
1. EHR data  + 

OpenFDA key= 
medicinal product, 
reaction and Natural 
Language Processing

2. EHR Data + Drug 
Side Effects Data 
from a 
knowledgebase/Dru

gBank.

DECISION SUPPORT FOR THE PHYSICIAN IN 
THE FORM OF CURATED PATIENT SUMMARY
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Data from Electronic Health Records may be Mined for Drug Interactions based on existing knowledge base by combining Patient EHR data with Drug bank using Drug related information obtained using RXCUI number and SNOWMED CT code. RXCUI is the RxNorm concept unique identifier by the National Library of Medicine. Same thing can be done to Mine Drug related Adverse events with existing knowledge from Drugbank. For mining Adverse Events data may be utilized with RXCUI as search key and using Natural Language Processing to match with Drugbank based on drug name.
Similarly for Clinical Data RxNAV may be utilized after running a search criterion for RXCUI to obtain the ATC CODE. Same process is utilized to mine Adverse Events and Drug interactions from the Drugbank database using the Concomitant Medications dataset to match. Data from OpenFDA can be utilized to Mine Adverse events using medicinal product, reaction as keys to join with patient data and Natural Language Processing tools utilized for correlating adverse events with Concomitant medications.



DATA FLOW IN ELECTRONIC HEALTH RECORDS

Reference:
• Delvaux, Nicolas, et al. “Coding Systems for Clinical Decision Support: Theoretical and Real-World Comparative 

Analysis.” JMIR Formative Research, U.S. National Library of Medicine, 21 Oct. 2020, 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7641774/table/table1/?report=objectonly. 

• Jensen, Peter B., et al. “Mining Electronic Health Records: Towards Better Research Applications and Clinical 
Care.” Nature News, Nature Publishing Group, 2 May 2012, https://www.nature.com/articles/nrg3208. 
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A little refresher to how data is structured in HER’s and the standard terminologies, as you can see Drug related information is in RxNorm, Labs in LOINC, Diagnosis, Symptoms etc in SNOWMED, Procedures in CPT and Radiology in Dicom.



EHR

DIAGNOSIS

SNOWMED/ICD

PRESCRIPTION 
DRUGS

RXNORM

ADMINISTRA
TIVE CLAIMS

PHYSICIAN 
RECORD 

TYPE: LINE

ICD-9/ ICD-10 HCPCS

PHYSICIAN 
RECORD 

TYPE: 
CLAIMS 

ICD-10/CPT

CLAIMS

PRESCRIPTION

NDC CODE

DATA FLOW IN ELECTRONIC HEALTH RECORDS
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Given our purpose we will mainly focus on the left most hierarchical chart that relates to Diagnoses, and Pharmacy related information. As you can see RXNORM and NDC codes are used for different purposes.




The output is in JSON, XML , JSONP format and 
support Procedure, Lab Test, Problem and 
Medication codes.  

Reference: “Medline Plus.” MedlinePlus, U.S. 
National Library of Medicine, 
https://connect.medlineplus.gov/demo/service. 

MedlinePlus Connect is a portal that helps with Clinical Decision support for
Physicians and easily readable information for patients, it can accept only
one code per request.
It is free resource by the government and Health organizations and IT
providers can link patient portals and electronic health record (EHR) systems
to MedlinePlus consumer health information. MedlinePlus Connect
medication requests support both RXCUI and NDC Codes and connect to
Electronic Health Records using web portal.

MedlinePlus Connect – A Web based Decision Support Tool for Patients and Clinicians 
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Just a quick note: MedlinePlus Connect is a portal that helps with Clinical Decision support for Physicians and easily readable information for patients, it can accept only one code per request. But this does not support querying data from Real World Resources, which means the systems need to be integrated. Medline plus supports data exchange in HL7 standards using JSON, XML, JSONP format and support Procedure to have the Lab Test, Problem and Medication codes.  




DRUG RELATED SIDE EFFECTS AND INTERACTIONS FOR A PATIENT – SAMPLE REFERENCE CHARTS

Prescription

Fludrocortisone
DrugBank Accession
[RXCUI = 4452] 
NumberDB00687

Warfarin
DrugBank Accession
[RXCUI = 11289] 
NumberDB00682

ibuprofen
DrugBank Accession
[RXCUI = 5640]
NumberDB01050

Prednisolone
[RXCUI = 8638]
DrugBank Accession 
NumberDB00860

Drug Interactions –
NLM/RxNav/DrugBank
Fludrocortisone may increase the 
anticoagulant activities of Warfarin.

The metabolism of Warfarin can be 
decreased when combined with Ibuprofen.
Ibuprofen may decrease the excretion rate 
of Warfarin which could result in a higher 
serum level.

The risk or severity of gastrointestinal 
irritation can be increased when 
Fludrocortisone is combined with 
Ibuprofen.

Prednisone may increase the 
anticoagulant activities of Warfarin.

Drug related AE 
reported from FAERS
3 AE’s including: Headache,  
Visual Impairment, Papilloedema

35 AE’s including: Haematuria, 
Hemorrhage, Splenomegaly, 
Lower gastrointestinal 
hemorrhage, Pulmonary arterial 
hypertension, Subdural 
haematoma

64 AE’s including Renal 
impairment, Platelet count 
decreased, Pulmonary 
hemorrhage, Vision blurred, 
Malaise, Stevens-Johnson 
syndrome

33 AE’s including Hyperhidrosis, 
Grand mal convulsion, Acute graft 
versus host disease, Therapeutic 
response decreased, Local 
swelling, Pulmonary alveolar 
hemorrhage, Hypotension.

Drug Half-Life -
NLM/RxNav/DrugBank
The plasma half-life of fludrocortisone 
has been variably reported to be between 
1-3.5 hours, though prescribing 
information gives an approximate half-life 
of 18-36 hours.

R-warfarin is cleared more slowly than S-
warfarin, at about half the rate. Label T1/2 
for R-warfarin is 37-89 hours. T1/2 for S-
warfarin is 21-43 hours.

The serum half-life of ibuprofen is 1.2-2 
hours.10 In patients with a compromised 
liver function, the half-life can be 
prolonged to 3.1-3.4 hours.

Prednisolone has a plasma half life of 2.1-
3.5 hours. This half life is shorter in 
children and longer in those with liver 
disease.
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To get the actual drug interaction an adverse event estimates, this is a sample chart that we are aiming towards, where all the data sources are correlated and also the half life of drugs displayed for detailed information.



HL7 International creates international data standards for sharing and processing information(FHIR) in a uniform and 
consistent manner.  We will be discussing some of the very useful API’s that are publicly available.

1. OpenFDA Adverse event API: access to adverse event and medication error reports created by contributions of 
healthcare professionals and consumers voluntarily report adverse events to the FDA and they are stored in the 
FDA Adverse Event Reporting System (FAERS). https://open.fda.gov/apis/drug/event/

2. DrugBank Clinical Drug API: That is a curation of clinical data from the USA, Canada, and European Union by a 
health technology institution. https://go.DrugBank.com/

3. The RxNorm API  which is a  web service-based API by the National Library of Medicine(NLM) for retrieving 
RXCUI based Drug Interaction, Drug Classification information from the RxNorm data set. 
https://www.nlm.nih.gov/

4. CDC’s Chronic Disease Indicator API, which is a collection of chronic disease indicators, filtered by 65+ age 
group. https://chronicdata.cdc.gov/Chronic-Disease-Indicators/U-S-Chronic-Disease-Indicators-Chronic-
Obstructive/aqr6-8kj8

5. MedlinePlus Connect Web Servicehttps://connect.medlineplus.gov/demo/service
6. Dummy Electronic Health Record Data will be created to join with Drug Related Adverse Event and Interaction 

data.
7. Data will be curated and analyzed using commonly available analytical packages for data wrangling using python.

ENDPOINT BASED REAL WORLD EVIDENCE FOR TRACKING MEDICATION ERRORS AND ADVERSE EVENTS
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HL7,  International creates international data standards for sharing and processing information in a uniform and consistent manner, with FHIR standards.  We will be discussing some of the very useful API’s that are publicly available like the Drugbank Clinical Drug API,OpenFDA data from FAERS reporting system, RxNorm by the National Library of Medicine, CDC’s Chronic disease indicator . We will utilize a Dummy Electronic Health Record Data and data will be curated and analyzed using commonly available analytical packages for data wrangling using python.




Common Public Use API’s
1. RxNorm: The API retrieves data from the RxNorm vocabulary developed by the National

Library of Medicine using multiple source vocabularies.
2. American Society of Health-System Pharmacists
3. OpenFDA is an open government platform for drug and medical device data.
4. OpenFDA NDC Directory API: access to the database of the National Drug Codes
5. DailyMed RESTful API: access to the structured product labeling data: NDA numbers, drug

names, NDC codes, RXCUI’s, SPLs, Unique Ingredient Identifiers.
6. MedlinePlus: connection to Electronic Medical Records + Patient friendly information
7. DrugBank Clinical Drug API: access to comprehensive clinical data from the USA, Canada,

and European Union
8. Wolters Kluwer Health APIs
9. VigiBase, UMC - Uppsala Monitoring Centre

ATC Anatomical Therapeutic Chemical 
Classification System

CVX Vaccines Administered

DrugBank DrugBank

GS Gold Standard Drug Database

MDDB Medi-Span Master Drug Data Base*

MMSL Multum MediSource Lexicon

MMX Micromedex RED BOOK

MSH Medical Subject Headings (MeSH) 
[subset]

MTHCMSFRF CMS Formulary Reference File [subset]

MTHSPL FDA Structured Product Labels

NDDF FDB MedKnowledge (formerly NDDF 
Plus)

RXNORM RxNorm terminology normalized names 
and codes

SNOMEDCT_US US Edition of SNOMED CT [drug 
information subset]**

USP USP Compendial Nomenclature

VANDF Veterans Health Administration National 
Drug File

Vocabularies in RxNorm API
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Image Reference: “Accessing Rest API Using R Programming.” GeeksforGeeks, 
GeeksforGeeks, 28 Dec. 2021, https://www.geeksforgeeks.org/accessing-rest-api-using-r-
programming/. 

Presenter
Presentation Notes
Here are the commonly used public API’s and some of the vocabularies in RxNorm that may be used to link Drugnames and related drug codes to join disparate data sources. Understanding of rest API’s is something many of us are accustomed with.


https://www.nlm.nih.gov/research/umls/rxnorm/sourcereleasedocs/atc.html
https://www.nlm.nih.gov/research/umls/rxnorm/sourcereleasedocs/cvx.html
https://www.nlm.nih.gov/research/umls/rxnorm/sourcereleasedocs/drugbank.html
https://www.nlm.nih.gov/research/umls/rxnorm/sourcereleasedocs/gs.html
https://www.nlm.nih.gov/research/umls/rxnorm/sourcereleasedocs/mmsl.html
https://www.nlm.nih.gov/research/umls/rxnorm/sourcereleasedocs/mmx.html
https://www.nlm.nih.gov/research/umls/rxnorm/sourcereleasedocs/msh.html
https://www.nlm.nih.gov/research/umls/rxnorm/sourcereleasedocs/mthcmsfrf.html
https://www.nlm.nih.gov/research/umls/rxnorm/sourcereleasedocs/mthspl.html
https://www.nlm.nih.gov/research/umls/rxnorm/sourcereleasedocs/nddf.html
https://www.nlm.nih.gov/research/umls/rxnorm/sourcereleasedocs/rxnorm.html
https://www.nlm.nih.gov/research/umls/rxnorm/sourcereleasedocs/snomedct_us.html
https://www.nlm.nih.gov/research/umls/rxnorm/sourcereleasedocs/usp.html
https://www.nlm.nih.gov/research/umls/rxnorm/sourcereleasedocs/vandf.html


REST API responses from OPEN FDA, RxNorm, CDC
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Presentation Notes
These are some of the responses from the Rest API’s that have been normalized to gain record level data.




RxNav, RXCUI - A key component of RxNorm is the Concept Unique Identifier (RXCUI) – API Responses

Reference:
“Apis.” U.S. National Library of Medicine, National Institutes of Health, 
https://lhncbc.nlm.nih.gov/RxNav/APIs/index.html. 

API: Retrieving all 
CODES : ATC, 
RXCUI, DrugBank, 
SNOWMEDCT from 
NLM’s RxNav for 
one or all DRUGS 
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One of the key steps in this project will be retrieving ATC, RXCUI, DrugBank, SNOWMEDCT from National Library of Medicine’s RxNav for one or all DRUGS 




similarityEntityIt
em.equivalenceS

core

similarityEntityI
tem.inclusionSc

ore

similarityEntit
yItem.intersec

tion

similarityEntit
yItem.cardinal

ity1

similarityEntit
yItem.cardinal

ity2

drugClassC
onceptItem.

rela

drugClassConc
eptItem.relaSo

urce

drugClassConceptItem.
rxclassMinConceptItem

.classId

drugClassConceptItem.rx
classMinConceptItem.clas

sName

drugClassConceptItem.r
xclassMinConceptItem.cl

assType

0.5962848 -1.0 4 4 6 ATC N02AA Natural opium alkaloids ATC1-4

0.3211308 -0.45 3 4 7
has_ingredi
ent MEDRT D009022 Morphine Derivatives CHEM

0.2581989 0.0 2 4 4
has_ingredi
ent MEDRT D003061 Codeine CHEM

RxNav API: GET  ATC, DrugBank, RXCUI, SNOWMEDCT CODES for a Drug 

GET Drug Similarity between three Drugs by RXCUI and Similarity Score, RXCUI= fludrocortisone
[RXCUI = 4452]+ warfarin[RXCUI = 11289]+ oxycodone[RXCUI = 7804]+ prednisolone[RXCUI = 8638]

The Output on left and bottom display normalized data 
retrieved from RxNav API for Ibuprofen(left: All Codes) and 
Drug Similarity Score Calculation.

Similarity Scores are pre-calculated, data is displayed after 
API was normalized.
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As an example: the data in this slide on the left gives us all information for “Ibuprofen” and some interesting information for similarity between different drugs. It returns Classes with clinically significant RxNorm ingredients similar to a specified list.



Data retrieved for Ibuprofen from OpenFDA API- Normalized, filter RXCUI=5640
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Presentation Notes
Data below is from Open FDA API for Ibuprofen displaying some essential information like reaction medra pt, medicinal product, reaction outcome etc.



Data summary Ibuprofen from OpenFDA, RXCUI=5640, AE – PT Summary Counts, Dosage and Frequency
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From the same data source, we also have a summary of all adverse events by country reported.



Search 
RXCUI CODE

SNOWMED CT CODE
ATC CODE in RxTerms/All 

Concept API for each 
DRUGNAME

DrugBank/RxNav API
Search by RXCUI

EHR DATA, 
Key=SNOWMED CT 

CODE, RXCUI

OpenFDA 
Search by RXCUI

Clinical Trial Data
Key=ATC CODE

Name: Renal 
impairment 

SNOWMED to 
MEdDRA Mapping

- Renal dysfunction
- Renal impairment

- Impaired renal function
- Renal impairment (disorder)

Concept ID: 236423003
Read Codes: X30Il

ICD-10 Codes: N19X 
N259

SOC

HLGT

PT

CREATING SEARCH KEYS
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Now since all Data sources are defined and normalized, we need to create join keys. This flowchart illustrates the search keys used across different data sources




Data retrieved for IBUPROFEN, RXCUI=5640, NLM/RxNav/DrugBank API – Normalized Data
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Presentation Notes
The slide here displays data retrieved from target data source of Drugbank, where are reading a list of medications that interact with Ibuprofen and the List of Adverse events/in the description column.



Matching - Patient Medical History with reactionmedrapt from OpenFDA for drugname=“Ibuprofen”, and NLM-RxNav, 
DrugBank for Drug Interaction and Description Column for Adverse Event Matching

Word Pattern Matching, rows are displayed: for 
Medical  History and Concomitant Medications
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Here we have adopted a hypothetical or dummy patient data, our area of interest is Patient Medical History, Medications, Demographics. With Word Pattern Matching, rows are displayed: for Medical History and Concomitant Medications keeping the source as Drugbank once and Open FDA the second. Patient data is matched with adverse events, Drug Interactions to display what medications have interactions with Ibuprofen, and What medical history correlates with adverse events for ibuprofen in Drugbank and OpenFDA. We are getting a direct match of Hemoptysis, which is a bleeding disorder. Ibuprofen has shown to aggravate bleeding. The table on top displays mutual drug interactions based on list of medications a patient is taking currently.




NLTK :: Natural Language Toolkit– Python, Finding Association Rules

Below is a mapping of MedDRA PT Code and SNOWMED CT CODE 1. Figure on the left display's mappings 
between PT NAME, SOC NAME, 
SNOWMED CT CODE, Concept 
Name

2. Figure below: Is a Word List of All 
Preferred Terms in OpenFDA for text  
matching with a Physicians summary 
note.

3. Take Sample Text from Patient 
Records for Physicians 
Summary/Medications List – search 
for AE Terms. 
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Figure on the left display's mappings between PT NAME, SOC NAME, SNOWMED CT CODE, Concept Name
As I mentioned before Clinical data is both structured and unstructured, Figure below: Is a Word List of All Preferred Terms in OpenFDA for text matching with a Physicians summary note.
Take Sample Text from Patient Records for Physicians Summary/Medications List – search for AE Terms. 
Below is a list of Reactionmedra PT terms obtained for Ibuprofen from OpenFDA. Clinical trial data is structured, and it is not difficult to find association but now Let’s see if we can associate this with Clinical summary texts or Physician notes.




Summary notes, have been cleaned by removing 
Pronouns, Conjunctions, Prepositions, Interjections

Removed all Stopwords, to get the words we need 
to parse through.

Notes Reference: Soap Notes - StatPearls - NCBI 
Bookshelf. 
https://www.ncbi.nlm.nih.gov/books/NBK482263/. 

NLTK :: Natural Language Toolkit– Python, Finding Association Rules
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Using the Python NLTK library, Summary notes, have been cleaned by removing Pronouns, Conjunctions, Prepositions, Interjections
Removed all Stopwords, to get the words we need to parse through. We can even go further with lemmatization or Tokenizing text. However, let’s see what happens next.



NLTK :: Natural Language Toolkit– Finds Close Matches with the list of Preferred Terms
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What we have done here is cross matched the reaction preferred terms for a drug in OpenFDA with the cleaned summary text. Below are the hits or matches of interest based on word associations.




Data Interaction search and Matches for Ibuprofen – Sample Matches for One Drug

Electronic Health Record 
Data – Medications Patient 
Data

Streptomycin Hemoptysis

Sulfamethizole Bronchitis

Ibuprofen
Renal 
impairment

Benzphetamine Bleeding

Temazepam

AE Description - DrugBank

Ibuprofen may decrease the 
excretion rate of Streptomycin 
which could result in a higher serum 
level.

The metabolism of Ibuprofen can be 
decreased when combined with 
Sulfamethizole.

The risk or severity of hypertension 
can be increased when 
Benzphetamine is combined with 
Ibuprofen.

Drug Interaction-
DrugBank

Streptomycin

Sulfamethizole

Benzphetamine

Temazepam

OpenFDA –
Reaction MedDRA PT/Drug 
name

Hemoptysis/Ibuprofen
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Going further we may create drug summaries and associate with a patient’s medical history with the medications, to predict at risk combinations. This will be the beginning of a patient level personalized medication plan.



DISEASE OUTCOMES DATA – FROM CDC

Chronic Disease Indicators provide an overview of Disease Outcomes by Patient demographic information 
based on given Patient Demographic Parameters

CDC Data: CMS Claims Data: Hospitalization for chronic obstructive pulmonary disease as any diagnosis 
among Medicare-eligible persons aged >= 65 years
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Now tell me, based on the patient’s demographic information, age, race, gender, medical history, wont it make more sense to have an idea of disease outcomes. Here we are pulling CDC’s chronic disease indicator API and summarizing this information for the healthcare provider.



Patient summary report created by joining all data sources: Patient EHR + OpenFDA + DrugBank + RxNav + CDC 
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We can combine various real world data sources to prepare a patient level summary report, this report would collate all relevant information to create a report, or any form of data visualization. As you can see here and the attachment below: Relevant correlated data has been organized to create a patient profile. Data from Patient EHR, OpenFDA, Drugbank, RxNav and CDC API’s have been compiled in the report. Although custom visualizations may be prepared as needed, whatever way you want to look at the data, for this presentation we have prepared a Patient report for the Physician and the Clinicals Scientist.
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In this report all Patient data from E H R and correlated or matching data from real world data sources for Open FDA – Adverse Events and Drugbank with RXCUI, Drugname, Description and link to Drugbank source are organized as summary on top followed by detailed description. As per the analysis OpenFDA record for Hemoptysis and matching Drugbank interactions data only displayed followed by detailed listing.



Patient Overall Summary Report

Note: Once All Data sources are 
retrieved, custom visualizations may 
be prepared as needed.
For this presentation we have 
prepared a Patient report for the 
Physician.
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Summarization of the data from CDC’s Chronic disease indicators is set at the bottom.



TOOLS TO REPORT/MEASURE PRESCRIPTION ERRORS

 FDA Adverse Event Reporting System (FAERS)

 ConsumerMedSafety.org

 Institute for Safe Medication Practices (ISMP).

• AARP(link is external)

• Agency for Healthcare Research and Quality - HCUP(link is external)

• American Hospital Association(link is external)

• Sentinel Initiative 

• American Society of Health System Pharmacists(link is external)

• Be MedWise(link is external)

• Food and Drug Administration – MedWatch Program(link is external)

• Institute for Safe Medication Practices(link is external)

• The Joint Commission (link is external)

• Medicine Safety(link is external)

• National Patient Safety Foundation(link is external)

• SeniorCarePharmacist.com(link is external)

Links:
1. https://www.fda.gov/drugs/quick-tips-buying-medicines-over-

internet/besaferx-your-source-online-pharmacy-information
2. https://www.consumermedsafety.org/
3. https://www.fda.gov/safety/medwatch-fda-safety-information-

and-adverse-event-reporting-program
4. https://vaers.hhs.gov/reportevent.html
5. https://www.nccmerp.org/consumer-information
6. https://www.ima-india.org/ima/
7. https://apps.who.int/iris/bitstream/handle/10665/137036/978924

1507943_eng.pdf
8. https://www.sentinelinitiative.org/
9. https://www.cms.gov/Medicare/Quality-Initiatives-Patient-

Assessment-Instruments/Value-Based-
Programs/HVBP/Hospital-Value-Based-Purchasing

RE01 – REAL WORLD EVIDENCE – PHUSE 2023

Presenter
Presentation Notes
Our responsibility doesn’t end here, we all need to be aware of reporting tools, tools that patients, physicians and researchers can utilize to report prescription errors. A few of them are enlisted here.


http://consumermedsafety.org/
https://ismp.org/
http://www.aarp.org/health/conditions/rxdrugs/
http://www.ahrq.gov/consumer/
https://www.aha.org/front
https://www.sentinelinitiative.org/
http://www.safemedication.com/
http://www.bemedwise.org/
https://www.fda.gov/safety/medwatch-fda-safety-information-and-adverse-event-reporting-program
http://www.consumermedsafety.org/
http://www.jointcommission.org/
http://www.learnaboutrxsafety.org/
https://www.npsf.org/
http://www.seniorcarepharmacist.com/
https://www.fda.gov/drugs/quick-tips-buying-medicines-over-internet/besaferx-your-source-online-pharmacy-information
https://www.consumermedsafety.org/
https://www.fda.gov/safety/medwatch-fda-safety-information-and-adverse-event-reporting-program
https://vaers.hhs.gov/reportevent.html
https://www.nccmerp.org/consumer-information
https://www.ima-india.org/ima/
https://apps.who.int/iris/bitstream/handle/10665/137036/9789241507943_eng.pdf
https://www.sentinelinitiative.org/
https://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/Value-Based-Programs/HVBP/Hospital-Value-Based-Purchasing


HEALTHCARE QUALITY MEASURES AND BENCHMARKING

 Benchmarking – the process of comparing performance to standards

 Hospital Value Based Purchasing Programs (HVBP) : Total Performance 
Score (TPS) that is used to determine an incentive payment added to 
Medicare inpatient payments for participating hospitals. 

 HCUPnet is a free, on-line query system based on data from the 
Healthcare Cost and Utilization Project (HCUP): 

 National Quality Forum (NQF): 
https://www.qualityforum.org/Home.aspx

 Medicare Quality Measures: https://www.aafp.org/family-
physician/practice-and-career/managing-your-practice/quality-
measures.html

 Hospital Compare: https://hospitalcompare.io/

 Bridges to Excellence: https://www.cms.org/articles/bridges-to-excellence

 Leapfrog Group: https://www.leapfroggroup.org/ratings-reports

 HealthGrades: https://www.healthgrades.com/

 HEDIS: https://www.ncqa.org/hedis/
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There are also various resources for grading and benchmarking healthcare quality, in US these systems are very accurate and transparent. Patients and caregivers actively get involved in voicing their opinions.



SUMMARY
ACKNOWLEDGEMENT

In the effort to reduce clinical and prescription errors care providers, clinicians or researchers may use
several tools in their arsenal. The first and foremost being effective decision support systems that
enable efficient access to accurate correlated data necessary for critical decision making in dispensing
patient care. With the advent of digital health , real world data, new knowledge may be combined with
existing knowledge ensuring patient safety, reduced cost of care and positive clinical outcomes. I am
thankful to my guides and reviewers for all their support.
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In the effort to reduce clinical and prescription errors care providers, clinicians or researchers may use several tools in their arsenal. The first and foremost being effective decision support systems that enable efficient access to accurate correlated data necessary for critical decision making in dispensing patient care. With the advent of digital health , real world data, new knowledge may be combined with existing knowledge for ensuring patient safety, reduced cost of care and positive clinical outcomes. 
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ACRONYMS:
API Application Programming Interface

CDER Center for Drug Evaluation and Research 

CBER Center for Biologics Evaluation and Research

HL7, FHIR Health Level Seven International, Fast Healthcare Interoperability Resources

NLM National Library of Medicine

AHRQ Agency for Health Care Research and Quality

NCC MERP National Coordinating Council for Medication Error Reporting and Prevention

CMS Centers for Medicare and Medicaid Services

ICD-9-CM International Classification of Diseases, Ninth Revision, Clinical Modification

ICD-10-CM International Classification of Diseases, Tenth Revision, Clinical Modification

NDC National Drug Code

CPT Current Procedural Terminology (CPT®)

RxNAV, RXCUI RxNorm browser RxNav, A normalized naming system for generic and branded drugs, RXCUI is RxNorm concept unique identifier

SNOWMED Systematized Nomenclature of Medicine Clinical Terms

MedDRA Medical Dictionary for Regulatory Activities (MedDRA®)

LOINC Logical Observation Identifiers Names and Codes

DMEPA Division of Medication Error Prevention and Analysis 

DMAMES Division of Mitigation Assessment and Medication Error Surveillance 

OMEPRM Office of Medication Error Prevention and Risk Management 
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THANK YOU

 Surabhi Dutta

 Senior Manager

 Clinical Data Reporting & Analytics

 Bristol Myers Squibb

 Surabhi.dutta@bms.com
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Thank you for your attention.


	Prescription Errors!! A Physician’s Challenge!
	Facts from around the world on Prescription/medical errors �
	Agenda	
	Introduction��What are Prescription/MEDICAL Errors?�
	FDA guidelines on Medication Errors
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Tools to REPORT/measure Prescription Errors
	Healthcare Quality Measures AND Benchmarking
	Summary�acknowledgement
	Slide Number 37
	Slide Number 38
	Thank you

