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Presentation Notes
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 %2 0have%20been%20reported%20due%20to %2 0medicatio
n%20errors. &text=In%20India%2 C%20the%20medication%20errors,to%20irrational%2 0use%200f%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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What are Prescription/Medical Errors?

Reporting Prescription errors and related Adverse Events

FDA guidelines on Medication Errors

Reporting Prescription errors and related Adverse Events - MedWatch

Some Stats on Medication Errors

Pragmatic Trials and Real-World Evidence

Curating Real World Data to Support Clinical Decision Making

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

Decision Support For the Physician in the For of Curated Patient Summary?
Data flow in Electronic Health Records

MedlinePlus Connect — A Web based Decision Support Tool for Patients and
Clinicians

Drug related side effects and interactions for a patient — Sample Reference charts
Endpoint Based Real World Evidence For Tracking Medication Errors And
Adverse Events

Common Public Use API’s/Vocabulary of RxNorm API

REST API responses from OPEN FDA, RxNorm, CDC

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

RxNav API: GET ATC, DrugBank, RXCUI, SNOWMEDCT CODES for a Drug
Data retrieved for Ibuprofen from OpenFDA API- Normalized, filter
RXCUI=5640

Data summary Ibuprofen from OpenFDA, RXCUI=5640, AE — PT Summary
Counts, Dosage and Frequency

Creating Search Keys

Data retrieved for Ibuprofen, RXCUI=5640, DrugBank API — Normalized Data
Matching - Patient Medical History with reactionmedrapt from OpenFDA for
drugname="Ibuprofen”, and DrugBank for Drug Interaction and Description
Column for Adverse Event Matching

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

NLTK :: Natural Language Toolkit— Finds Close Matches with the list of
Preferred Terms

Data Interaction search and Matches for Ibuprofen

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

Disease Outcomes Data — From CDC

Patient summary report created by joining all data sources: Patient EHR +
OpenFDA + DrugBank + RxNav + CDC

Tools to REPORT AND measure Prescription Errors — In the US and other
countries

Healthcare Quality Measures-Benchmarking and Dashboards

Summary and Acknowledgement
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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 k

Medication Error Prevention and Analysis N
(NCC MERP) defines a medication erroras 1 YPES OF MEDICATION ERRORS

any preventable event that may cause or °Pres.cri.bing

lead to inappropriate medication use or *Omission

patient harm while the medication is in the *Wrong time
control of a healthcare provider, patient, or *Unauthorized drug
consumer. ”’ *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: 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

Reference: Medication Dispensing Errors and Prevention - NCBI Bookshelf.
REOI — REAL WORLD EVIDENCE - PHUSE 2023 https://www.ncbi.nlm.nih.gov/books/NBK519065/.
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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-
productst:~:text=DMEPA%20and%20DMAMES%20have%20multidisciplinary,product's%20lifecycle%2 C%Z20from%_2 Opreapproval %2 0to.
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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.



Reporting Prescription errors and related Adverse Events - MedWatch

Begin Online Report

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

The Sentinel Initiative has computer programs
that analyze electronic healthcare data to
answer the FDA's questions on approved

Health Professional

Consumer/Patient

(FDA Form 3500) (FDA Form 3500B) [ Continue an incomplete report ] medical products managed by the CDER(Center
) . : for Drug Evaluation and Research) and

Click here to continue filling CBER(Center for Biologics Evaluation and

En espaiiol para el consumidor Ol A IcomplclE fanart. Yo Research) These computer programs use

/ paciente (formulario 35008 de Ia gg:ene{fguﬁ?ﬁﬁia;d dzegct: statistical methods to study relationships and
FDA) com;lnlete s et fa’on?: the patterns in medical billing information and
electronic health records enabling medication

start date.
errors tracking
Reference:
Thank you for taking the time to submit a MedWatch report. If you wish to download and print a copy of your report please review the “Medication Error Pharmacovigilance and the
MedWatch Voluntary Report Frequently Asked Questions. 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

SOME STATS ON MEDICATION ERRORS

Extent of Harm

Incorrect Actions

Incorrect Action by Extent of Harm

Description of Incorrect Dose

Description of Incorrect Dose by Extent of Harm

Stage Event Originated

Stage Event Originated by Extent of Harm

Stats — Survey NORC,

Description of Incorrect Dose

Hover Ovar Tcon for More o
Information

University of Chicago

Select Data Submitted Through:
December 31, 2021

Figure: Description of Incorrect Dose in CFER-H V1.2
Quardose

Migsad of omittad desa

Undardedn

Extra dosa
0% 5% 10% 15% 0% 258 0% 36%
Percentage of Events

* In this dashboard, the Unknown category was removed from the total population reported in the text To Mt Rondentification requirements.

tnitial report dates range from 4/24/2008 through 12/26/2021, N = 26,174, The shgible pop is o Other Incident and A
reparts where DESCRIPTION OF SUBSTANCE EVENT was [ncorrect action and INCORRECT ACTION(S) INVOLVING A SUBSTANCE (INCORRI

Stats - Incorrect Dosing -
AHRQ
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Six in 10 adults with medical error experience say a medical problem was misdiagnosed
and 4 in 10 say they weren't treated with respect.

A medical problem was misdiagnosed EEEEEEEEEEESS———————— 59
Mistake was made during a lest, surgery, or treatment 46
Received a diagnosis that didn't make sense IEEEEEEEEE—————— 1 42
Were not treated with respec! meesssssssss——— 39
Were given wrong instructions about follow-up care IEEE——— 29
Were administered the wrong medication dosage mEEEmmm————— 28
Received treatment that was not needed ———— 27
Were given instructions from different providers m——— 24
Got an infection after a hospitilization or treatment T 24
Received the wrong medication from a doctor mssssss 18
Test results were lost, delayed, ornot shared = 17
Received the wrong medication from a pharmacy s 9
Felldown oroutofbed =mmm g
Gotabedsore mmm 8
Accidentally took too much medication mm 5
0 10 20 30 40 50 €0 70 80 90 100

Percent of adults with medical eror experience
who say each happened

Question: Again, thinking about the most recent time a medical error was made in [your care/the care of
someone close to you], for each of the following, please indicate whether or not it is the sort of medical
error that occurred.

“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:

Il

“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/I[HI NPSF
_Patient Safety Survey Fact Sheets 2017.pdf.
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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.

REOI — REAL WORLD EVIDENCE — PHUSE 2023
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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

Curating Real World Data to Support Clinical Decision Making

FDA — FAERS Data

Electronic Medical Records

FDA — Sentinel Initiative

Disease registry Data — Measurable Outcomes

National Library of Medicine — RxNav

Digital Devices Data

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

REOI — REAL WORLD EVIDENCE — PHUSE 2023


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

SNOMED CT Concept (SNOMED RT+CTV3)

VW W WV V¥V VYV WV VYV WV VYV VvV VYV Vv Vv Yy

Body structure (body structure)

Clinical finding (finding)

Environment or geographical location (environment / location)

Electronic Health
Records Data Collection

Event (event)
Observable entity (observable entity)
Organism (organism)

Pharmaceutical / biologic product (product)

Physical farce (physical force) AdmlnlStratlve
Physical object (physical object) Demographic information
Procedure (procedure) Diagnosis,
CQualifier value (qualifier value) Procedures
Record artifact (record artifact) Prescription drugs
Situation with explicit context (situation) laboratory tests ’
SNOMED CT Model Component (metadata) . . ’ . .
_ _ Physiologic monitoring

Social context (social concept)
oo . data

pecial concept (special concept) . . .
Specimen (specimen) HOSplt&llZ&thl’l
Staging and scales (staging scale) Claims

Substance (substance)

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

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

DM
CcO
CM
EX
SU
AE
DS
DE
MH
EG
IE
LB
TA

Data Standardization Common
Data Model
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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

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
I. EHR data +
OpenFDA key=
medicinal product,
reaction and Natural
Language Processing
2. EHR Data + Drug
Side Effects Data
from a
knowledgebase/Dru

gBank.

e 8

DECISION SUPPORT FOR THE PHYSICIAN IN
THE FORM OF CURATED PATIENT SUMMARY

Mappings are available to Map
SNOWMED to MedDRA

RxNav API, Common Link between the
two Clinical Terminologies using the
following coding system:

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

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

Data Source

Electronic Data
Capture — Clinical
Research

Adverse Events
MedDRA

Prior and
Concomitant
Medications
WHO Drug
Dictionary

RXCUI,
SNOWMED CT CODE
MedDRA PT
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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

Categories of Health IT Standards by HIMSS

exhaustive.

Overview of some clinical terminologies used in electronic health records including their domain coverage and purpose. This list is not

Type Function Example Standards
Content Defines the structure and CDISC, OMOP, FHIR Resources,
organization of messages and HL7 CDA, HL7 C-CDA
documents
Often referred to as information
models or data models
Terminology Structured vocabulary to LOINC, UCUM, SNOMED, RxNorm,
represent concepts RadLex, MEDCIN, ICD-10, CPT,
unambiguously HCPC, CDC CVX and MVX, NDC,
FHIR Terminology
Transport/Exchange Format and method of FHIR, HL7v2, Direct, DICOM,
messages exchanged IEEE 11073 Personal Health Devices
How data gets from one system
to another
Privacy/Security Protect an individual's or SMART on FHIR, OAuth 2.0,
organization’s right to determine OpenlD Connect, HEART
whether, what, when, by whom
and for what purpose their
protected health information is
collected, accessed or disclosed

Reference:

* Delvaux, Nicolas, et al. “Coding Systems for Clinical Decision Support: Theoretical and Real-World Con

Source: HIMSS Resource Library

Analysis.” JMIR Formative Research, U.S. National Library of Medicine, 21 Oct. 2020,
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7641774/table/table 1/?report=objectonly.

* Jensen, Peter B., et al. “Mining Electronic Health Records: Towards Better Research Applications and C
Care.” Nature News, Nature Publishing Group, 2 May 2012, https.//www.nature.com/articles/nrg3208.
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Clinical coding system

SNOMED CT

International Classification of Diseases (ICD)

Current Procedural Terminology (CPT)

Logical Observation ldentifiers Names and Codes  Laboratory tests

[LOING)

Anatomical Therapeutic Chemical (ATC)

International Classification of Primary Care (ICPC) Diagnoses, reasons for encounter, some

Pharmacy %
Laboratory ‘

Radiology .

Domain coverage Type, purpose
Multiple areas (diagnoses, allergies,

symptoms, etc)

Terminology, clinical

documentation

Diagnoses, some procedures Classification, reporting

Procedures Terminology, clinical

documentation

Terminology, clinical
documentation

Drugs Classification, reporting

Classification, reporting

procedures

T
RxNORM EHR database
ﬂ Paint of care

LOINC
— 0

Statistics
DICOM

i
nme ¢ [

SNOMED CT
J

/\ g;. -
14

Mining Electronic Health Records ((Jensen, Jensen, & Brunak, 2012))
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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.


DATA FLOW IN ELECTRONIC HEALTH RECORDS

) ADMINISTRA
) TIVE CLAIMS
EHR
CLAIMS . ' .
) )
R NI IE ISR NMII ) PHYSICIAN PII-{ECS:{)C}{%N
'”””m"'f3fffff353:3:3:3:3:3:3:3:3:3:3:3 ________________________ RECORD Tvpe
\'fff( ) \ TYPE: LINE CLAIMS
_ ~ |
| ]
DIAGNOSIS 1 A 1
DRUGS DR PRESCRIPTION
ICD-9/ ICD-10 HCPCS ICD-10/CPT
_J
)
: )
SNOWMED/ICD | RXNORM 8
- - NDC CODE
\— - -
] SN R -
e N —————————— i ”& J
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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.



e .
MedlinePlus Connect — A Web based Decision Support Tool for Patients and Clinicians

« ICD-9-CM MedlinePlus Health Topic Pages, Genetics Pages  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.

* [CD-10-CM NIDDK pages, NIA pages, NCI pages, NIAMS

pages

Diagnosis (problem) codes:
* SNOMED CT® [1]

MedlinePlus Drug Pages (ASHP)
+ RxCUI (RxNorm Concept Unique Identifier)

MedlinePlus Supplement Pages (NMCD, NCCIH,
0DS)

Medication Codes: « NDC (National Drug Code)

+ LOINC® (Logical Observation Identifiers Names

Laboratory Test Codes: and Codes) MedlinePlus Lab Test Pages

+ CPT® (Current Procedural Terminology)
MedlinePlus Health Topic Pages, Lab Test Pages

Procedure Codes: ‘hor.name._value feed.authoruri._value feed.subtitle.type feed.subtitle._value feed.category feed.entry

« SNOMED CT® [1]

[{title” {_value” ‘lbuprofen’, ‘type': "text}, ink': [{'href:
‘hitps://medlineplus.govidruginfo/meds/at82 159 himl?
utm_source=mplusconnect&utm_medium=service’, rel'
‘alternate'l], "id": {"_walue" 'tag: medlineplus_gov, 2023-01-
02:fdruginfo/meds/at82 159 _hitml?
utm_source=mplusconnect&utm_medium=application'},
“summary”: {type” "html, "_value'": 'Prescription ibuprofen is
used to relieve pain, tenderness, swelling, and stifiness
caused by osteoarthritis (arthritis caused by a breakdown of
the lining of the joints) and rheumatoid arthritis {arthritis
caused by swelling of the lining of the joints). It is also used to
relieve mild to moderate pain, including menstrual pain (pain
that happens before or during a menstrual period).
Monprescription ibuprofen is used to reduce fever and to
relieve minor aches and pain from headaches, muscle aches,
arthritis, menstrual periods, the common cold, toothaches,
and backaches. lbuprofen is in a class of medications called
MNSAIDs. It works by stopping the body’s production of a
substance that causes pain, fever, and inflammation.'},
‘updated”: {'_wvalue" "2023-02-01T02:54:302}, {title’: {T_wvalue"
'Pain Relievers’, '‘type': "text}, "link’: [{' href:
‘nitps:/fmedlineplus. gov/painrelievers_ntml?
utm_source=mplusconnect&utm_medium=service’, rel

[1] MedlinePlus Connect coverage of SNOMED CT focuses on CORE Problem List Subset
and their descendants.

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.
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National Library of

Medicine https: i nim. nih. gov

text

[{'scheme':
‘'mainSearchCriteria.v.c',
‘term’: "5640°7}, {'scheme’:

'mainSearchCriteria.v.cs’,
‘term’: 'RXNORMY,
{'=cheme".
‘mainsSearchCriteria v.dn',
'‘term’: "}, {'scheme":
‘iInformationRecipient’,
‘term’: "PAT'}]

MedlineFlus
Connect results for
RXCUI 5640

‘alternate'l], "id": {"_walue" 'tag: medlineplus_gov, 2023-01-
02:/painrelievers_himl?
utm_source=mplusconnect&utm_medium=application'},
‘'summary’: {'type': "himl', '_wvalue" '=p=Fain relievers are
medicines that reduce or relieve headaches, sore muscles,
arthritis, or other aches and =a
hrei="https://medlineplus.gov/pain_html?
utm_source=mpluscaonnect”=pains</a=. There are many
different pain medicines, and each one has advaniages and
risks. Some types of pain respond better to certain medicines
than others. Each person may also have a slightly different
response to a pain reliever. </p= =p==a
href="htips-//medlineplus. govioverthecountermedicines_him|?
M snurce=mnlusconnact™=Ovar-the-counter<fa= (OTCY


Presenter
Presentation Notes
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

Fludrocortisone
DrugBank Accession
[RXCUI = 4452]
NumberDB00687

Drug Interactions —

NLM/RxNav/DrugBank

Fludrocortisone may increase the
anticoagulant activities of Warfarin.

Warfarin

DrugBank Accession
[RXCUI =11289]
NumberDB00682

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

ibuprofen

DrugBank Accession
[RXCUI = 5640]
NumberDB01050

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

Prednisolone
[RXCUI = 8638]

DrugBank Accession

NumberDB00860

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

Prednisone may increase the
anticoagulant activities of Warfarin.
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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.

Drug related AE

reported from FAERS

3 AE’s including: Headache,
Visual Impairment, Papilloedema

R-warfarin is cleared more slowly than S-
warfarin, at about half the rate. Label T1/2

for R-warfarin 1s 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.

35 AE’s including: Haematuria,

Hemorrhage, Splenomegaly,

Lower gastrointestinal

hemorrhage, Pulmonary arterial

hypertension, Subdural
aematoma

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

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.

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



Presenter
Presentation Notes
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.


ENDPOINT BASED REAL WORLD EVIDENCE FOR TRACKING MEDICATION ERRORS AND ADVERSE EVENTS

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/aqr6-8k;8

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.
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Presenter
Presentation Notes
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.
American Society of Health-System Pharmacists
OpenFDA is an open government platform for drug and medical device data.

OpenFDA NDC Directory API: access to the database of the National Drug Codes

DailyMed RESTful API: access to the structured product labeling data: NDA numbers, drug

[V “NEVS I O

names, NDC codes, RXCUI’s, SPLs, Unique Ingredient Identifiers.

o

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
r \
Client send 1ea) p— s d
e < Tooh > bR
HTTP
methods =
\_ T)'(']’/
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ATC

CvX

DrugBank
GS

MDDB
MMSL
MMX

MSH

MTHCMSFRF
MTHSPL

NDDF

RXNORM

SNOMEDCT US

USP

VANDF

Vocabularies in RxNorm API

Anatomical Therapeutic Chemical
Classification System

Vaccines Administered

DrugBank

Gold Standard Drug Database
Medi-Span Master Drug Data Base*
Multum MediSource Lexicon
Micromedex RED BOOK

Medical Subject Headings (MeSH)
[subset]

CMS Formulary Reference File [subset]

FDA Structured Product Labels

FDB MedKnowledge (formerly NDDF
Plus)

RxNorm terminology normalized names
and codes

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

USP Compendial Nomenclature

Veterans Health Administration National
Drug File

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

"nlmbDisclaimer":

Example: Interaction sources

"Tt is not the intention of NLM to provide specific medical advice, but rather to provide users with
information to better understand their health and their medications. NLM urges you to consult with a qualified

physician for advice about medications.",
"interactionTypeGroup": |[
i

"sourceDisclaimer"

"sourceName": "DrugBank",
"interactionType": [
i
"comment": "ibuprofen (5648) is resolved to ibuprofen (5640)",

"minConceptItem": {

"rxcui": "5640", " -
"name": "ibuprofen®, IXclassTree": [
uttyu: "Nt {
"rxclassMinConceptItem": {

. "classId": "NOOEO185505",
"propCategory": "CODES", "className": "Cytochrome P450 Inducez
"propName“: "ATC", "ClaSSTyDe": llMOAII
"propValue": "RO6AXE9" 1

: .

1 "rxclassTree": [

"propCategory": "CODES", i
"propName": "DRUGBANK", "rxclassMinConceptItem": {
. pIopValue . DBOO719 “ClaSSICl”: “NDOE}@iB?@é’d“,

5 "className”: "Cytochrome P45€

"propCategory": "CODES", "classType": "MOA"
"propName": "MESH", I3
"propValue": "COO6656" 2
., '
1
"propCategory": "CODES",
"propName": "MMSL_CODE",
ThranWaTia s "LNAGQ7OT"
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"DrugBank is intended for educational and scientific research purposes only and you
expressly acknowledge and agree that use of DrugBank is at your sole risk. The accuracy of DrugBank
information is not guaranteed and reliance on DrugBank shall be at your sole risk. DrugBank is not
intended as a substitute for professional medical advice, diagnosis or treatment..[www.drugbank.cal",

XML: https://rxnav.nlm.nih.gov/REST/interaction/sources
JSON: hitps://rxnav.nim.nih.gov/REST/interaction/sources_json
An XML result is shown below.

<interactiondata>
<nlmDisclaimer>It is not the intention of NLM to provide specific medical advice, but rather to provide users with
information to better understand their health and their medications. NLM urges you to consult with a qualified physici
an for advice about medications.</nlmDisclaimer>
<sourceList>
<source>DrugBank</source>
<source>ONCHigh</source>»

</sourceList>
</interactiondata>
i meta': § TLauEET,
"disclaimexr": "Do not rely on openFDA to make deci "gggz“:
restrict your access to the API in line with our Terms

"terms": "https://open.fda.gov/terms/", "7804"

"license": "https://open.fda.gov/license/", 1.

"last_updated": "2022-11-84", "rankClassConcept”: [

"results": { i
"skip": @, "similarityEntityItem": {
"limit": 1, ‘equivalenceScore”: "0.5962848",
"total": 9123782 'inclusionScore": "-1.8",

3 'intersection": "4",

i, 'cardinalityl": "4",
"results': [ 'cardinality2": "a&"

i 5
"safetyreportid": "5881286-7", "drugClassConceptIten”: {
"transmissiondateformat": "182", ‘rela": ",
Iltral?smlfflﬁn?a‘te » "20090109", ‘relaSource": "ATC",
sexious . 'rxclassMinConceptItem”: {
"seriousnessdeath": "1", ! e .
"receivedateformat": "182", classId®: "NO2AA",
"receivedate": "20880707", "className": "Natural opium alkaloids",
"receiptdateformat”: "102", ‘classType": "ATCL-4"
"receiptdate”: "20080625", ¥
"fulfillexpeditecriteria™: "1", i
"companynumb®: "JACAN16471", ,

"primarysource”: {


Presenter
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

National Library of Medicine

Lister Hill National Center for Biomedical Communications A B C
a fullName termType| rxcui
MM@N&\"{“ 2 mn 2 0.005 ML dexamethasone 103.4 MG/ML Injection 5CD 2045404
i prednisone [RxCU| = 8640] 0.005 ML dexamethasone 103.4 MG/ML Injection [Dexycu] SBD "045409
T RxNorm Properties NDC  RxTerms Class View  Interaction View  Status 0.05 ML aﬂibEfEEpt 40 MG!ML |njEl:tiﬂn SCD '1232154
: . I r
ngredient = Frociss Wgretiont | 0.05 ML aflibercept 40 MG/ML Injection [Eylea] SBD '1232159
BC ssi mm.i'.g;«rdmﬁ m— g_—‘gﬂmﬂe 0.05 ML brolucizumab-dbll 120 MG/ML Injection 5CD 2204920
* Simpl o nicol / predni oS
! @ [ piroxicam / predniSONE W 0.05 ML brolucizumab-dbll 120 MG/ML Injection [Beovu] SBD 1204925
_ 0.05 ML brolucizumab-dbll 120 MG/ML Prefilled Syringe SCD 1602276
:E 0.05 ML brolucizumab-dbll 120 MG/ML Prefilled Syringe [Beowvu] SBD 1602279
o8 0 preansone 1 G Rayes]| 0,05 ML faricimab-svoa 120 MG/ML Injection SCD "2591588
® ELTH recusone 2w R N AV I eanisone 2ov bas | 0.05 ML faricimab-svoa 120 MG/ML Injection [Vabysmol SBD "591594
) Form i R redniSONE 5 MG [Rar
o | SEEreececon. Navigating RxNorm Drugs - I 0.05 ML ranibizumab 10 MG/ML Injection scD 643193
- i TR L B ] =  0.05 ML ranibizumab 10 MG/ML Injection [Lucentis] SBD ’644301
5(0.05 ML ranibizumab 10 MG/ML Prefilled Syringe SCD "1864423
Nav o EXT G £ - o oo - ,
ool e|0.05 ML ranibizumab 10 MG/ML Prefilled Syringe [Lucentis] SBD 1864425
B ibuprofen [RxCU| = 5640] “10.05 ML ranibizumab & MG/ML Injection SCD '13[)6[)74
. ) 0.05 ML ranibizumab & MG/ML Injection [Lucentis] SBD '13[)6[)76
RxNorm Graph B i il il -8 NDC - RxTerms  Class View  Interaction View  Status . . . r
0.05 ML ranibizumab & MG/ML Prefilled Syringe SCD 2045501
pp API: Retrlevmg all — prepraayps ‘ 0.05 ML ran!b!zumab 6 MG/ML Prefilled .Syrl.nge [Lucentis] SBD '2[)455[)2
W Codes CODES : ATC ATC 6020501 ‘ 0.05 ML ranibizumab-eqrn 10 MG/ML Injection SCD 2612684
e : ’ ATC MO1AEO1 0 N5 kI ranihizimah-anrn 10 ME /ML Iniactinn [Fimearlil =1} Ha12687
i RXCUI, DrugBank, ATG MO2AATS |
ATC RO2AX02
SNOWMEDCT from DRUGBANK DB01050 ‘
NLM’s RxNav for e it |
MMSL_CODE BN2133 " Reference:
one or all DRUGS MMSL_CODE BN7027 ; “Apis.” U.S. National Library of Medicine, National Institutes of Health,
MiASLe LBBE Shddoais \ hittps.://lhncbe.nlm.nih.gov/RxNav/APIs/index. html.
MMSL_CODE IN4862
RxCUI 5640 ‘
SNOMEDCT 38268001

SNOMEDCT 387207008
SPL_SET ID 00653b7¢-7099-487e-9a01-e89781¢c21323
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Presentation Notes
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 



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

drugCIassConceptltem.reIaSource‘ drugClassConceptitem.rxclassMinConceptitem.classid | drugClassConceptitem.rxclassMinConceptitem.className | drugClassConceptitem.rxclassMinConceptitem.classType

ATC NO2AA Natural opium alkaloids ATC1-4
MEDRT D0O09S022 Morphine Derivatives CHEM
MEDRT D003061 Codeine CHEM . .
The Output on left and bottom display normalized data
propCategory propName propValue retrieved from RxNav API for Ibuprofen(left: All Codes) and
CODES ATC CO1EB16 . . . .
CODES ATC Gorccol Drug Similarity Score Calculation.
CODES ATC MO1AEOQ1
CODES ATC MO2AA13 o . .
CODES ATC RO2AX02 Similarity Scores are pre-calculated, data is displayed after
CODES DRUGBANK DB0O1050 API was normallzed.
CODES MESH D007052
CODES MMSL_CODE BN2133
CODES MMSL_CODE BN7027
CODES MMSL_CODE GMNd00015
CODES MMSL_CODE IN4862
CODES RxCUI "S640
CODES SNOMEDCT '382680[]1
CODES SNOMEDCT '38720?008

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

similarityEntitylt similarityEntityl similarityEntit similarityEntit similarityEntit drugClassC drugClassConc drugClassConceptltem. drugClassConceptltem.rx drugClassConceptltem.r
em.equivalenceS tem.inclusionScyltem.intersec yltem.cardinal yltem.cardinal onceptltem. eptltem.relaSo rxclassMinConceptltem classMinConceptltem.clas xclassMinConceptltem.cl

core ore tion ity | ity2 rela urce .classld sName assType
0.5962848 -1.0 4 4 6 ATC NO2AA Natural opium alkaloids ATCI-4
has_ingredi
0.3211308 -0.45 3 4 7 ent MEDRT D009022 Morphine Derivatives =~ CHEM
has_ingredi
0.2581989 0.0 2 4 4 ent MEDRT D00306 1 Codeine CHEM
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Presentation Notes
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.


W00 s W@

Data retrieved for Ibuprofen from OpenFDA API- Normalized, filter RXCUI=5640

satetyreportversion_ x
saftetyreportid
primarysourcecountry
transmissiondateformat
transmissiondate
reporttype

serious
seriousnessdisabling
receivedateformat
receivedate
receiptdateformat
receiptdate
fulfillexpeditecriteria
companynumb

duplicate

n medicinalproduct drugbatchnumb drugauthorizationnumb drugstructuredosagenumb drugstructuredosageunit drugdosagetext drugadministrationro

1 IBUPROFEN NaN
1 IBUPROFEN NaN
2 IBUPROFEN NaN

reactionmeddraversionpt reactionmeddrapt

174863 NaN
17463 NaN
NaN NaN

reactionoutcome safetyreportversion_y drugcharacterization

NaMN

MaN

NaMN

medicinalproduct drugbatchnumb drugauthorizatic

NaN

NaN

NaMN

reportduplicate.duplicatesou
reportduplicate.duplicatenum
primarysource.reportercountr:
primarysource.qualiftication
sender.sendertype
sender.senderorganization
receiver.receivertype
receiver.receiverorganizatio
patient.patientonsetage
patient.patientonsetageunit
patient.patientsex
seriousnessother
occurcountry
patient.patientagegroup
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17.0 Dyspepsia

17.0 Renal impairment

17.0  Cholecystectomy

17.0 MNephrolithiasis

NaN 1 1
MNaM 1 1
1 2 2
1 2 2

IBUFROFEN

IBUPROFEN

IBUFROFEN

IBUPROFEN

NamM

MNaM

NamM

MNaM


Presenter
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

plt.xlabel{'Counts"}
plt.ylabel('Reaction')

Text(®, 8.5, 'Reaction’)

Reaction

Dyspepsia |
Renal impairment
Cholecystectomy

drugindication BACK PAIN NASOPHARYNGITIS PAIN Mephrol thissss

Biliary tract disorder
Malaise

drugdosagetext Cerebral venous thrombaosis
Jequilar vein thrombosis

Multiple sclerosis relapse

DAILY DOSE: 2800 MG MILLGRAM(S) EVERY TOTAL 2 0 0 Dysaesthesia
Weight loss poor

DOff label use

UNK 0 0 3 Stevens-|ohnson syndrome

Consciousness fluctuating

UNK, GIVEN STANDARD DOSE OF LIQUID IBUPROFEN. 0 18 0 T ==
p discolouration

Blister

Pain |

skin exfoliation

Chapped lips

Eye disorder

scab

Scar

plt.show() Weight decreased

Skin disorder
Rash lised
Dyspnoea |
Hypersensitivity
Hallugination, auditary
Nervousness

30 Feeling abnormal |
‘White blood cell count increased
Platelet count decreased
Contusion

25 Drug hypersensitivity
Haemoptysis. |

Pulmenary haemaorrhage |
Convulsion

20 Drug abuse
Chronic ohstructive pul disease
Gastrointestinal disorder

Anaemia

15 Breast cancer
Drug interaction
Adverse event
Influenza like illness
10 1 aathralgia
Pain in extremity
Gail di &
Mobility decreased
Fatigue

Asthenia

Depressed mood
wision blurred

o= By Country

Feaction

Frequency count

w

Dy mouth
?5 DE G8 < 0.0 os 10 15 20 2.5

Country Reported Counts
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Presentation Notes
From the same data source, we also have a summary of all adverse events by country reported.


CREATING SEARCH KEYS

EHR DATA,
DrugBank/RxNav API Key=SNOWMED CT
Search Search by RXCUI CODE, RXCUI
RXCUI CODE ) ‘
SNOWMED CT CODE
ATC CODE in RxTerms/All
Concept API for each
DRUGNAME _
‘ OpenFDA ‘ [ Clinical Trial Data

Search by RXCUI

{ Key=ATC CODE

[ SOC ‘
Concept ID: 236423003
Read Codes: X301l

ICD-10 Codes: N19X

N259 "
, Name: Renal
< impairment PT
SNOWMED to
P 4 ™ MEdDRA Mapping
- Renal dysfunction -
- Renal impairment

- Impaired renal function .
- Renal impairment (disorder) [ HLGT ‘
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Presentation Notes
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

df_drugbank.info()

<class 'pandas.core.frame.DataFrame’>
Inte4Index: 1467 entries, @
Data columns (total & columns):

# Column

row_num

severity

AWV R wWNRE O

~

description
sourcelName

minConceptItem.rxcul
minConceptItem.name
sourceConceptItem.url
interactionConcept

dtypes: int32(1), object(7)

07 AL

7=

Drugbank[ ["RXCUI"™, "Drugname",

to 1466

Non-Null Count
1467 non-null
1467 non-null
1467 non-null
1467 non-null
1467 non-null
1467 non-null
1467 non-null
1467 non-null

RXCUI Drugname

minConceptlitem.rxcui minConceptlitem.name sourceConceptitem.url interactionConcept severity description sourceNz
The risk or
[{'minConceptltem’”: severity of
5640 ibuprofen https://go.drugbank.com/drugs/DB01050#&interact. .. {'rxcul”: '5640", MN/A bleeding DrugB
‘name’. ... can be
increa.
The risk or
{'minConceptltem": severity of
1000492 resveratrol  https://go.drugbank.com/drugs/DB02709%interact. .. {'mxcui”: '5640", N/A adverse DrugB
‘name’ effects can
be...
The
[{'minConceptltem’: [;??gib?[‘;?e mn
5640 ibuprofen https://go drugbank com/drugs/DB01050#interact. {'rxcui- '5640°, N/A (E)an 3 DrugB
‘name’ ...
decreased
"description™]]
description

=

B o N

1462
1483
1484
1465
1466

5640  ibuprofen
1000492  resveratrol
5640  ibuprofen
1001 antipyrine
5640  ibuprofen

5640  ibuprofen
322167  solifenacin
5640  ibuprofen
32311 octylonium
5640  ibuprofen

1467 rows x 3 columns
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The risk or severity of bleeding can be increased when Ibuprofen is combined with Resveratrol.

The risk or severity of adverse effects can be increased when Ibuprofen is combined with Antipyrine.

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

Ibuprofen may decrease the excretion rate of Antithrombin 11l human which could result in a higher serum level.

The risk or severity of angioedema can be increased when Streptokinase is combined with Ibuprofen.

The excretion of Piperacillin can be decreased when combined with Ibuprofen.

The excretion of Saxagliptin can be decreased when combined with Ibuprofen.

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

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

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


Presenter
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

Patient Name/ID Patient Medical History Medications Diagnosis Doctors Prescription

DRUGBANK_AE

- XXX Haemoplysis  Streptomycin NaN NaN IBUPROFEN MAY DECREASE THE EXCRETION RATE OF STREPTOMYCIN WHICH COULD RESULT IN A HIGHER SERUM LEVEL.
1 NaN Bronchiafis ~ Sulfamethizole NaN NaN THE METABQLISM OF IBUPROFEN CAN BE DECREASED WHEN COMBINED WITH SULFAMETHIZOLE.
2 NaN renal impairment Ibuprofen NaN NaN IBUPROFEN MAY DECREASE THE EXCRETION RATE OF TEMAZEPAM WHICH COULD RESULT IN A HIGHER SERUM LEVEL.
3 NaN bleeding Benzphetamine NaN NaN THE METABOLISM OF TESTOSTERONE ENANTHATE CAN BE DECREASED WHEN COMBINED WITH IBUPROFEN.
4 NaN NaN  Temazepam NaN NaN THE RISK OR SEVERITY OF HYPERTENSION CAN BE INCREASED WHEN BENZPHETAMINE IS COMBINED WITH IBUPROFEN.

280 THE RISK OR SEVERITY OF NEPHROTOXICITY CAN BE INCREASED WHEN IBUPROFEN IS COMBINED WITH DIHYDROSTREPTOMYCIN.

MH1 = DBAE[DBAE[ 'DRUGBANK_AE'].str.contains(pattern)]

Word Pattern Matching, rows are displayed: for
Medical History and Concomitant Medications ™"

DRUGBANK_AE

result_Openfda_TIbuprofen THE RISK CR SEVERITY OF BLEEDING CAN BE INCREASED WHEN IBUPROFEN 1S COMBINED WITH RESVERATROL.

" pafient panemeignt e "L+ THE RISK OR SEVERITY OF BLEEDING CAN BE INCREASED WHEN IBUPROFEN IS COMBINED WITH SULFINPYRAZONE.
seriousnessdeath NaN NaM
, , , THE METABOLISM OF TESTOSTERONE ENANTHATE CAN BE DECREASED WHEN COMBINED WITH IBUPROFEN.
SEHDUSHesschgenltﬁlanOmall MNaN NaMN
authortynumb NaN NaN THE RISK OR SEVERITY OF BLEEDING CAN BE INCREASED WHEN IBUPROFEN IS COMBINED WITH TICLOPIDINE.
primarysource.literaturereference NaN NaN THE RISK OR SEVERITY OF ELEEDING CAN BE INCREASED WHEN IBUPROFEN IS COMBINED WITH TRAPIDIL.
reactionmeddraversionpt 17.0 170 2 SEVERITY OF GASTROINTESTINAL BLEEDING CAN BE INCREASED WHEN TRAZODONE IS COMEINED WITH IBUPROFEN.
reactionmeadrapt Haemoplysis HaemopySis  SEVERITY OF GASTROINTESTINAL BLEEDING CAN BE INCREASED WHEN TRIMIPRAMINE IS COMBINED WITH IBUPROFEN.
reactionoutcome 6 (31
THE RISK OR SEVERITY OF ELEEDING CAN BE INCREASED WHEN IBUPROFEN IS COMBINED WITH TICAGRELOR.
safetyreportversion_y 1 1
drugeharacterization ; ; THE RISK OR SEVERITY OF ELEEDING CAN BE INCREASED WHEN ZIDOVUDINE 1S COMBINED WITH IBUPROFEN.

medicinalproduct
drugbatchnumb
drugautherizationnumb

drugstructuredosagenumb

IBUPROFEN
NaN

070045

400
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IBUPROFEN
NaN

070045

N

ERITY OF GASTROINTESTINAL BLEEDING CAN BE INCREASED WHEN IEUPROFEN 15 COMBINED WITH PAMIDRONIC ACID.
ERITY OF GASTROINTESTINAL BLEEDING CAN BE INCREASED WHEN IBUPROFEN 15 COMBINED WITH PAMIDRONIC ACID.
'ERITY OF GASTROINTESTINAL BLEEDING CAN BE INCREASED WHEN IEUPROFEN IS COMBINED WITH TILUDRONIC ACID.


Presenter
Presentation Notes
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

jES(?l()\Nf 1S a lIlle)I)lIlég ()1? 63(11:) I?’I‘ (:j()(lf: ElIl(l E;I\I(:) ]Ei]:) (::’I‘ (:j(:)][)]zi 1. I:lggllre on t}le lef% (1lsl)la§] S IIla])[)lllg;S
Code System
MedDRA Code PT Name SOC Name SNO:;::ED CH Preferred RWE_AE RWE_DI between PT NAME’ SOC NAME’
~ ~ - | Concept Name - ~ ~
I The risk or severity of renal failure, hyperkalemia, and SNOWMED CT CODED Concept
10077512 End stage renal disease Renal and urinary disorders hypertension can be increased when Ibuprofen is
combined with Triamterene. Name
" 10078987 Foetal renal impairment Renal and urinary disorders 5 . 5
r The risk or severity of renal failure and hypertension can 2 * Flgure bGIOW. IS a Word LISt OfAll
10063544  Renal embolism Renal and urinary disorders be increased when Ibuprofen is combined with Preferred TGI’IIlS il’l OpenFDA fOI‘ text
Cyclosporine.
r The risk or severity of renal failure, hyperkalemia, and matchlng Wlth a PhYSICIanS summary
10038435 Renal failure Renal and urinary disorders hypertension can be increased when Ibuprofen is
combined with Moexipril. note.
r : ) . The risk or severity of hypertension can be increased .
I 10038447 Renal failure neonatal Renal and urinary disorders when tbuprofen is combined with Theodrenaline. 3 . Take Sample TeXt frOIIl Patlent
The risk or severity of renal failure, hyperkalemia, and ..
10038460  Renal haemorrhage Renal and urinary disorders hypertension can be increased when Olmesartan is Records for Physlclans
combined with Ibuprofen. . . .
I Summary/Medications List — search
10062854 Renal hydrocele Renal and urinary disorders The risk or severity of renal failure and hypertension can
be increased when lbuprofen is combined with Aliskiren. fOI‘ AE TeI’IIlS.
r Renal i ) i The risk or severity of renal failure, hyperkalemia, and
10062237  Renal impairment Renal and urinary disorders 236423003 d‘?;‘:rd'zr‘;a'”"e" Renal impairment hypertension can be increased when Azilsartan
medoxomil is combined with Ibuprofen.
r The risk or severity of renal failure, hyperkalemia, and
10049776 Renal impairment neonatal Renal and urinary disorders hypertension can be increased when Ibuprofen is
b "'DYSPEPSIA', 'NAN', 'CHOLECYSTECTOMY', 'MEPHROLITHIASIS', °"BILIARY TRACT DISORDER', 'MALATISE', 'CEREBRAL VEWOUS THROMBOSI
S, '"JUGULAR VEIM THROMBOSIS®, 'MULTIPLE SCLEROSIS RELAPSE', 'DYSAESTHESIA', 'WEIGHT LOSS POOR', 'OFF LABEL USE', 'STEVENS-3J
OHNSON SYNDROME', 'CONSCIOUSNESS FLUCTUATING', 'LIP SWELLING', 'LIP DISCOLOURATION', 'BLISTER', 'PAIN', 'SKIN EXFOLIATION®,
"CHAPPED LIPS', 'EYE DISORDER', "SCAB', 'SCAR', "WEIGHT DECREASED', 'SKIMN DISORDER', 'RASH GEMERALISED', 'DYSPNOEA', '"RENAL
IMPAIRMENT', 'MALAISE', "HALLUCINATION, AUDITORY', 'MERVOUSNESS', 'FEELING ABNORMAL', "MALAISE', 'PAIN', "FEELING ABMNORMAL®,

"WHITE BLOOD CELL COUNT INCREASED', 'PLATELET COUNT DECREASED', "CONTUSION®,
TYSIS', '"PULMONARY HAEMORRHAGE', 'PULMONARY HAEMORRHAGE', 'CONVULSION', 'DRUG ABUSE',
E', 'DY¥SPNOEA', 'GASTROINTESTIMAL DISORDER', 'DYSPEPSIA', 'ANAEMIA', 'BREAST CANCER', 'DRUG INTERACTION',
"INFLUENZA LIKE ILLMESS', "ARTHRALGIA', 'PAIN IN EXTREMITY', 'GAIT DISTURBANCE®', '"MOBILITY DECREASED’,
A", 'DEPRESSED MOOD', 'VISION BLURRED', 'DRY MOUTH', '"END STAGE RENAL DISEASE', 'FOETAL RENAL IMPAIRMENT',
RENAL DISORDER', 'MALIGNANT REMAL HYPERTENSIOW', 'PANCREATOREMAL SYNDROME', 'POSTREMAL FAILURE',
ARY RENAL SYNDROME', 'REMAL AMYLOIDOSIS', 'RENAL ARTERIOSCLEROSIS', 'REMAL ARTERITIS',
AL ARTERY DISSECTION', 'REMWAL ARTERY FIBROMUSCULAR DYSPLASIA', 'RENAL ARTERY HYPERPLASIA',
ARTERY STENOSIS', "REMAL ARTERY THROMBOSIS', 'RENAL ATROPHY®, '"REMAL CORTICAL WECROSIS',
ST RUPTURED', 'RENAL EMBOLISM', 'RENAL FATLURE', 'REMAL FATLURE MEONATAL', "RENAL HAEMORRHAGE',
PAIRMENT ", 'RENAL IMPAIRMENT MEOMATAL', 'REMAL INFARCT', 'RENAL INJURY', 'REMAL ISCHAEMIA',

W NMEFBRMSTS! "REMAI DEIWTS ETSTIN A "REMA] DUNSDUNI TDTRNETS ! "RERIAT  SAl ToLASTTMG SWVMNENAME'

'DRUG HYPERSENSITIVITY',

"REMAL NECROSIS',

"RERIA
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"HAEMOPTYSIS',
"CHRONIC OBSTRUCTIVE PULMONARY DISEAS
"ADVERSE EVENT',
'ASTHENI
"IMMUNE-MEDIATED

"FATIGUE",

'"PRERENAL FAILURE',
"RENAL ARTERY ARTERIOSCLEROSIS',
"REMAL ARTERY OCCLUSION',
"REMAL CYST HAEMORRHAGE',
"RENAL HYDROCELE',
"REMAL PAPILLA

TIHRII AR ACTROSTS!

"HAEMOP

"PULMON
"REN
"RENAL

"RENAL CY
"RENAL IM

"RE


Presenter
Presentation Notes
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.



text.head()

text

filtered_text

filtered_text_rem_pronouns_conjunction_preposition_interjection

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

removed_stopwords

Chief Complaint (CC)inm\inThe
CC or presenting problem is
reported by the pafient. This can
be a symptom, condition,
previous diagnosis or another
short statement that describes
why the patient is presenting
today. The CC iz similar to the
fitle of a paper, allowing the
reader to get a sense of what
the rest of the document will
entail \m\nExamples: chest pain,
decreased appetite, shoriness
of breath. However, a patient
may have multiple CC's, and
their first complaint may not be
the most significant one. Thus,
physicians should encourage
patienis to state all of their
problems, while paying attention
to detail to discover the most
compelliing problem. |dentifying
the main problem must occur to
perform effeciive and efficient
diagnosis

History of Present lliness
(HPI\n'\nThe HPFI begins with a
simple one line opening
statement including the patient’s
age, =ex and reason for the
visit \m\inExample; 47-year old
female presenting with
abdominal pain, renal

imnairmant

Chief Complaint { CC )
CC presenting
problem is reported
patient . can be
symptom , condition |
previous diagnosis
short statement
describes why patient
is presenting today .
CC is similar to title
paper , allowing reader
to get sense rest
document will entail .
Examples : chest pain
, decreased appetite |
shortness breath .
However | patient may
have multiple CC "5,
first complaint may not
be most significant one
. Thus , physicians
should encourage
patients o state
problems | paying
attention to detail to
discover most
compelling problem _
Identifying main
problem must occur to
perform effective
efficient diagnosis

History Present lliness
{ HPI ) HFI begins
simple one line
opening statement
including patient s age
, SexX reason visit .
Example : 47-year old
female preseniing
abdominal pain . renal
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Chief Complaint { CC ) CC presenting problem is reported patient . can be
sympiom , condition , previous diagnosis short statement describes why patient
is presenting today . CC is similar to fitle paper , allowing reader to get sense
rest document will eniail - Examples : chesi pain , decreased appetite |
shortness breath . However , patient may have multiple CC " s , first complaint
may not be most significant one . Thus , physicians should encourage patients
to state problems , paying attention to detail to discover most compelling
problem . Identifying main problem must occur to perform effective efficient
diagnosis

History Present lliness { HPI ) HPI begins simple one line opening statement
including patient 's age , sex reason visit . Example - 47-year old female
presenting abdominal pain , renal impairment

Chief Complaint ( CC ) CC
preseniing problem reported
patient . symptom | condition |
previous diagnosis short
statement describes patient
presenting today . CC similar
title paper , allowing reader get
sense rest document entail .
Examples - chest pain |
decreased appetite , shortness
breath . However , patient may
multiple CC ", first complaint
may significant one . Thus ,
physicians encourage patients
state problems , paying
attention detail discover
compelling prolblem .
|dentifying main problem must
occur perform effective
efficient diagnosis

History Present lliness { HFI )
HFI beqgins simple one line
opening statement including
patient 's age . sex reason visit
. Example : 47-year old female
presenting abdominal pain ,
renal impairment

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/.


Presenter
Presentation Notes
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

text
¢ CHIEF COMPLAINT (CC)

THE CC OR PRESENTING PROBLEM IS REPORTED BY THE PATIENT. THIS CAN BE A SYMPTOM,
CONDITION, PREVIOUS DIAGNOSIS OR ANOTHER SHORT STATEMENT THAT DESCRIBES WHY
THE PATIENT 15 PRESENTING TODAY. THE CC IS SIMILAR TO THE TITLE OF A PAPER, ALLOWING
THE READER TO GET A SENSE OF WHAT THE REST OF THE DOCUMENT WILL ENTAIL.

EXAMPLES: CHEST PAIN, DECREASED APPETITE, SHORTNESS OF BREATH. HOWEVER, A PATIENT
MAY HAVE MULTIPLE CC'S, AND THEIR FIRST COMPLAINT MAY NOT BE THE MOST SIGNIFICANT
ONE. THUS, PHYSICIANS SHOULD ENCOURAGE PATIENTS TO STATE ALL OF THEIR PROBLEMS,
WHILE PAYING ATTENTION TO DETAIL TO DISCOVER THE MOST COMPELLING PROBLEM.
IDENTIFYING THE MAIN PROBLEM MUST OCCUR TO PERFORM EFFECTIVE AND EFFICIENT
DIAGNOSIS
removed_stopwords |CHIEF COMPLAINT ( CC ) CC PRESENTING PROBLEM REPORTED PATIENT . SYMPTOM ,
CONDITION , PREVIOUS DIAGNOSIS SHORT STATEMENT DESCRIBES PATIENT PRESENTING
TODAY . CCSIMILAR TITLE PAPER , ALLOWING READER GET SENSE REST DOCUMENT ENTAIL .
EXAMPLES : CHEST PAIN , DECREASED APPETITE , SHORTNESS BREATH . HOWEVER , PATIENT
MAY MULTIPLE CC', FIRST COMPLAINT MAY SIGNIFICANT ONE . THUS , PHYSICIANS
ENCOURAGE PATIENTS STATE PROBLEMS , PAYING ATTENTION DETAIL DISCOVER COMPELLING
PROBLEM . IDENTIFYING MAIN PROBLEM MUST OCCUR PERFORM EFFECTIVE EFFICIENT
DIAGNOSIS

PAIN TRUE
RENAL IMPAIRMENT FALSE
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HISTORY OF PRESENT ILLNESS (HPI)

THE HPI BEGINS WITH A SIMPLE ONE LINE
OPENING STATEMENT INCLUDING THE
PATIENT'S AGE, SEX AND REASON FOR THE VISIT.

EXAMPLE: 47-YEAR OLD FEMALE PRESENTING
WITH ABDOMINAL PAIN, RENAL IMPAIRMENT

HISTORY PRESENT ILLNESS ( HPI ) HPI BEGINS
SIMPLE ONE LINE OPEMNING STATEMENT
INCLUDING PATIENT 'S AGE , SEX REASON VISIT .
EXAMPLE : 47-YEAR OLD FEMALE PRESENTING
ABDOMINAL PAIN , RENAL IMPAIRMENT

TRUE

TRUE


Presenter
Presentation Notes
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

AE Description - DrugBank OpenFDA —
Reaction MedDRA PT/Drug

Drug Interaction-
DrugBank

Data

name

Ibuprofen may decrease the

Streptomycin  Hemoptysis excretion rate of Streptomycin

Streptomycin which could result in a higher serum
level.
e Sulfamethizole The metabolism of Ibuprofen can be
decreased when combined with
Renal Sulfamethizole.
Ibuprofen impairment
Benzphetamine Bleeding Benzphetamine Hemoptysis/Ibuprofen
The risk or severity of hypertension
can be increased when
Temazepam Temazepam Benzphetamine is combined with

Ibuprofen.
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Presenter
Presentation Notes
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

stratification1 American Indian or Alaska Native Asian or Pacific Islander Black, non-Hispanic Female Hispanic Male Overall White, non-Hispanic Total

locationdesc
Alabama 10 20 17 14 18 16 18 19 132
Alaska 17 15 10 19 5 17 16 m M2
Arkansas 16 12 13 19 18 17 18 18 136
Total 43 a0 42 o2 44 o0 52 47 380
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Presenter
Presentation Notes
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

Patient Summary

Patient EHR Data
Patient Name/ID Medical History Medications Diagnosis Race/Ethnicity Gender Age
AA00--XXX Haemoptysis Streptomycin Pulmonary disease |Black. non-Hispanic ~ |Male 70
Bronchiatis Sulfamethizole
renal impairment Ibuprofen
bleeding Benzphetamine
Temazepam
Patient Medications + DrugBank - Drug Interactions
RXCUI 10109 10179 1422
Drugname streptomycin sulfamethizole benzphetamine
description The metabolism of The risk or
Ibuprofen can be decreased |The risk or severity of adverse effects can be severity of
when combined with increased when Ibuprofen is combined with bleeding can be
Sulfamethoxazole. Azapropazone. increased when
severity N/A N/A N/A

sourceConceptltem.url

https://go.drughbank.com/drug

https://go.drugbank.com/drugs/DB00576#interacti

https://go.drughbank

.com/drugs/DB00865#interactions

Patient Medical History +

OpenFDA Reaaction medDRA PT

Open FDA reactionmedd

Haemoptysis

Haemoptysis

openfda.pharm_class cs

['Anti-Inflammatory Agents, ]

['Anti-Inflammatory Agents, Non-Steroidal [CS]']

openfda.pharm_class epc

[ Nonsteroidal Anti-inflammg

[ Nonsteroidal Anti-inflammatory Drug [EPC]']

DrugBank - Drug Related

Adverse events - DrugBank

RXCUI

Drugname

description

sourceConceptltem.url
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Presenter
Presentation Notes
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.


DrugBank - Drug Related Adverse events - DrugBank

RXCUI Drugname description sourceConceptItem.url

'5640 ibuprofen The sk or severity of bleeding can be increased | https://go.drugbank.com/drugs/DB01050#interactions
5640 ibuprofen The risk or severity of bleeding can be increased| https://go.drugbank.com/drugs/DB01050#interactions
10324 tamoxifen The sk or severity of bleeding can be increased | https://go.drugbank.com/drugs/DB00675#interactions
10378 testolactone The risk or severity of bleeding can be increased| https://go.drugbank.com/drugs/DB00894#interactions
'5640 ibuprofen The sk or severity of gastrointestinal bleeding c{https://go.drugbank.com/drugs/DB01050#interactions
1043 apomorphine The risk or severity of gastrointestinal bleeding c{https://go.drugbank.com/drugs/DB00714#interactions
'5640 ibuprofen The sk or severity of bleeding can be increased | https://go.drugbank.com/drugs/DB01050#interactions
10600 timolol The risk or severity of bleeding can be increased| https://go.drugbank.com/drugs/DB00373#interactions
10627 tobramycin The sk or severity of gastrointestinal bleeding c{https://go.drugbank.com/drugs/DB00684#interactions
'5640 ibuprofen The risk or severity of gastrointestinal bleeding c{https://go.drugbank.com/drugs/DB01050#interactions
10635 tolbutamide The sk or severity of gastrointestinal bleeding c{https://go.drugbank.com/drugs/DB01124#interactions
108118 mometasone The risk or severity of bleeding can be increased| https://go.drugbank.com/drugs/DB00764#interactions
10827 trimethadione The sk or severity of bleeding can be increased | https://go.drugbank.com/drugs/DB00347#interactions

Open FDA - Related Adverse Events - API

primarysourcecountry |DE DE

receivedate 20140312 20140312

receiptdateformat 102 102

receiptdate 20140312 20140312

fulfillexpeditecriteria 1 1

companynumb DE-MYLANLABS-201451(DE-MYLANLABS-201451004723
duplicate 1 1

reportduplicate.duplicatey MYLAN MYLAN

reportduplicate.duplicate)

DE-MYLANLABS-201451(

DE-MYLANLABS-201451004723
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Presenter
Presentation Notes
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.


primarysource.reporterco| DE DE

Patlent Overall Summary RepOI’t pl‘i]].lﬂl'ySOlll‘ce.flllﬂliﬁcafil 3 3
sender.sendertype 2 2
sender.senderorganizatioy FDA-Public Use FDA-Public Use
receiver.receivertype 6 6
receiver.receiverorganizat|FDA FDA

Note: Once All Data sources are patient.patientonsetage |18 18

retrieved, custom visualizations may patient.patientonsetageun 801 So1
patient.patientsex 1 1

be prepared as needed. seriousnessother

For this presentation we have Microsoft Excel occurcouniry DE DE

prepared a Patient report for the Worksheet serim.lsnesshospitali.zation 1 1

L. reactionmeddraversionpt [17.0 17.0

p hys101an. reactionmeddrapt x Haemoptysis Haemoptysis
reactionontcome 6 6
safetyreportversion y 1 1
drnocharacterization 1 1

openfda.route ORAL'] [[ORAL'] |

openfda.substance name

IBUPROFEN', TBUPROF

—

'IBUPROFEN', TBUPROFEN SODIUM']

openfda.rxcui

—

'310965', '310964', '197803", '20112¢", '204442', '197805", '19780¢6'

. '197807', '206905', '206913", '206917'

. '206878', '310963", '544393", '731533", '153008', '854762', '792242". '7

openfda.pharm _class mo

Cyclooxygenase Inhibitors

'Cyclooxygenase Inhibitors [MoA]']

—

openfda.pharm _class_e¢s |['Anti-Inflammatory Agents, |['Anti-Inflamimatory Agents, Non-Steroidal [CS]']

[
[
['310965', '310964', '197803
i
[
[

openfda.pharm_class_epe/['Nonsteroidal Anti-inflammd ["Nonsteroidal Anti-inflammatory Diug [EPC]']
actiondrug 1 1

drugdosageform

activesubstance.activesubstancename

drugenddateformat 102

drugenddate 20140125

safetyreportversion 1 1

CDC Data: CMS Claims Data: Hospitalization for chronic obstructive pulmonary disease as any diagnosis among Medicare-eligible persons aged >= 65 years

American Indian or Alaska|Asian or Pacific Islander

Black, non-Hispanic Female Hispanic Male Overall White, non-Hispanic |Total
10 20 17 14 18 16 18 19 132
17 15 10 19 8 17 16 10 112
16 15 15 19 18 17 18 18 136
43 50 42 52 44 50 52 47 380
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Presenter
Presentation Notes
Summarization of the data from CDC’s Chronic disease indicators is set at the bottom.


TOOLS TO REPORT/MEASURE PRESCRIPTION ERRORS

Links:
FDA Adverse Event Reporting System (FAERS) 1. https://www.fda.gov/drugs/quick-tips-buying-medicines-over-
ConsumerMedSafety.org internet/besaferx-your-source-online-pharmacy-information
2. https://www.consumermedsafety.org/
Institute for Safe Medication Practices (ISMP). https://www.fda.gov/safety/medwatch-fda-safety-information-
AARP(link is external) 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/10665/137036/978924
Sentinel Initiative 1507943 _eng.pdf
https://www.sentinelinitiative.org/
https://www.cms.gov/Medicare/Quality-Initiatives-Patient-
Be MedWise(link is external) Assessment-Instruments/Value-Based-
Programs/HVBP/Hospital-Value-Based-Purchasing

W

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

American Hospital Association(link is external)

Nowk

*®

American Society of Health System Pharmacists(link is external)

A

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)
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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.
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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 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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