
The Biomedical Informatics Infrastructure for 
Translational Research at MUSC

Jihad S. Obeid, MD, FAMIA
Co-director, BMIC
jobeid@musc.edu



Outline

• Biomedical Informatics for Translational Research

• EHR Data for Research

• Research Permissions

• Data Capture

• Epic Services

• Other Informatics Tools and Services

• Data Science Research and Education



Learning Objectives

• What are the components of the biomedical informatics infrastructure for 
translational research?

• How to access and leverage the informatics resources and services at 
MUSC?

• Learn about some examples of data science and AI research projects.
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Translational Research Informatics Infrastructure

HSSC CDW (Statewide)
& Master Patient Index

RDW (MUSC) 
HSSC CDW (Statewide)
& Master Patient Index

Statewide Clinical Trial 
Feasibility & Cohort Analysis

i2b2
Palmetto Profiles

Research Collaboration
CTSA Services, Budgeting,

Epic Integration for Clinical Trials

SPARC
Request

SCResearch.org

Patient Engagement 
& Recruitment

Research Electronic
Data Capture

Research Permissions

Statewide IRB Reliance

eIRB

NLP and Machine Learning



The Biomedical Informatics Center (BMIC)

Themed around the Learning Health System
› a Learning Health System in which

• Every patient has the opportunity to benefit from research
• Every clinician has their cohort of patients from which to learn
• Every scientist has the human-derived materials needed for study
• Every interdisciplinary team can influence the health system to learn from it
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SPARC Request: https://sparc.musc.edu/
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Legacy EDW
(old data)

Mapping

RDW

MUSC ontology

Includes:
• Research permissions
• Cancer Registry
• Genomics

EHR
Epic+
Clarity

I2b2 Star

ETL

RDW Assets:
• Rich domain data 
• Standards-based (LOINC, 

RxNorm, ICD9-10)
• Enriched with other data sources 

(e.g. genomics, text, ect.)
• Optimized for queries/analytics

microbiome

MUSC Research Data Warehouse (RDW)
Research Data Marts: 

Analytics, Machine Learning, 
NLP, Reporting Dashboards 

PCORnet CDM

Text Notes
(Clinic, Discharge, Radiology, etc.)



Governance of EHR Data for Research (IRB Approved)
Including data consults and honest broker for identified data access

RDW

IRB approval

Researchers

Results

Honest Broker

Data Use 
Agreement

De-identified

Data Request Cmt

Self-Service Access 
and Consults Brokered Access

i2b2
TriNetX

+ Other data



i2b2 at MUSC: https://i2b2.musc.edu/



TriNetX at MUSC: https://live.trinetx.com



Collaborative Networks



Network Capacity (SCTR)
Research 

Opportunities & 
Collaborations 

(ROC)          
BMIC

Feasibility 
Assessment, 

Accrual Tools, Data 
Access

SUCCESS Ctr 
Agreements, 
Budgets, 
RegulatoryResearch 

Coordination & 
Management 

(RCM)

Research Nexus 
Clinical & 
Laboratory 
Services  

SCTR Finance Office
Grants Management

SCTR TIN Hub 
Team

Recruitment 
Innovation Center 

(RIC)

Trial 
Innovation Centers 

(TICs)

Dr. Marc 
Chimowitz
Program Director

Signe Denmark, MS, CCRP 
Associate Director, 
Research Opportunities & 
Collaborations

Aim 1: Optimize processes to operationalize TIN clinical trials
Aim 2: Train and assist clinicians for multisite clinical trials
Aim 3: Enhance novel recruitment strategies: NLP, telehealth, community… 
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MUSC Research Preferences

If at any time you would like to update your research preferences, you may modify them from the Questionnaires section…

Questionnaire in Epic MyChart & in clinic 

Biobank

Contact



Research Permissions Registry Expressed in i2b2

EHR

Legacy EDW
(old data)

Mapping

RDW

Text Notes
(Clinic, Discharge, Radiol, etc.)

RDW

I2b2
(de-identified)

Cancer Registry
+Other systems

Self-service access
(cohort exploration)

Biobank Preference
Contact Preference

Research permissions 
registry in Epic



Response Breakdown
Questionnaire 

Response Rate

Future Contact Biobank

n = 79,834

n = 25,768 (in 2016)
(in 5/2019 > 54k)



Race Breakdown: across patient portal and research permissions
n = 79834 25768 18892 19713

Attrition in minorities across the process
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• Electronic Data Capture for research studies: 
• Allows you to construct case report forms (CRF) online
• Enter data via the web or mobile app

• Allows design of surveys
• Collect data directly from participants
• Can send links to specific individuals or via MyChart or online link

• Allows you to import/export data to statistical packages (SAS, R, SPSS) and 
CSV/Excel

• Easy to share data dictionary
• Secure web interface; Data integrity; Data center security and backup; HIPAA 

compliance



https://projectredcap.org/about/consortium/

Consortium >3800 Members



Example Form

Branching Logic



Supports Consent/Assent Forms + electronic signatures 
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SPARC 
Request

Epic EHR v 2017-2018

Specimen
procurement

(Living Biobank)

Research
permissions

registry

Recruiting Safety Research
billing

Surplus 
specimens

Extra tube
for research

Microbiome
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@home
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Epic 
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and EHR  
alerts

MyChart 
direct to   
patients 

Research 
header

ED and   
hospital 
admission 
notification

Professional 
and 

Hospital bills
Standard of   

care vs 
research

Study design, 
research services, pricing, & personnel

Research
data 

capture

Flow
sheets

Smart
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Progress 
notes

PROs 
FHIR
Mobile data

Epic Research Team

Enrollment
Recruitment 

reporting

Clinical 
trial 
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Living Biobank: Specimen/data request submission



BMIC Gateway Streamlines Two-way 
Integration with Epic

Mobile App

Web 
App

bulk data
exchange

Integrating 
Your 
Applications 
into Epic 
Hyperspace

Backend

Your (Internal, Partner, 
and 3rd-Party Developers) 

Services, and Plugin 

Microservice 1
FHIR Standard 
API

Microservice 3
CDS Service 
Provider (Value-
Driven Care 
Support based on 
CDS Hooks )

Microservice 2
Real-Time Epic FHIR 
Resource Rest-Hook based 
Subscription,Notification

Microservice 4
API Bridges between FHIR and 
Redcap, OnCore, and SPARC 
Request

BMIC 
REST 
API 

Gatew
ay

BMIC RESTful API Portal 

API Keys Registration
Documents 

Logs
Monitors

Manage security and 
routing between multiple 

services.
Custom Resources

Security & Access Control
Subscriptions

CDS Hooks

FHIR Server

Fhirbase

Epic Clarity

SPARC

REDCap



 Combination of the PHQ2, a custom medication adherence PRO, and a validated alcohol screening 
assessment into one streamlined PRO

 Automated send out of assessments through MyChart prior to clinical visit
 In clinic collection of PRO for those that do not use MyChart or complete the PRO ahead of time.

Patient Reported Outcomes (PRO):
e.g HIV/Infectious Disease Clinic PRO



Patient Questionnaire: e.g. IPV Screening Tool



Provider Smart Form: e.g. IPV Screening Tool



Recruitment Reports 



Research Coordinator Order Sets 
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State-wide IRB Cooperative Review:
electronic IRB system (eIRB)

Currently 5 institutions

Pages customized for 1 
institution

Pages customized 
for 2 institutions

Pages in 
common to all
institutions

General Comments

Study 
Identification

Human 
Subject
ResearchTraining

Review
Type

Protocol description

Study
Populations

Funding
Sponsorship

Checklist

Other
Study
Specifics

COI

Consent Privacy

Drugs
Medical
Devices

Impacted 
Services

Storage of
Biological
Material

SCResearch.org  



SCresearch.org



Teleconsent: e-consent over telehealth platform (doxy.me) 

Grant number: 
R21TR002088



Digital Health Solutions (DHS)

Sachin Patel



Palmetto Profiles: Research Networking System

Find experts, collaborators, 
mentors, reviewers etc.

Clean data for network 
analysis

Online CV
Automatic 
publications 
updates

+



Research Network Analysis: 
Impact of CTSA & Pilot Funding
(Based on RNS data)



Similar Infrastructure Across the Country: CTSA Survey

a. Locus of Control b. Sustainability Model

Obeid JS, Tarczy-Hornoch P, Harris PA, Barnett WK, Anderson NR, Embi PJ, Hogan WR, Bell DS, McIntosh LD, 
Knosp B, Tachinardi U, Cimino JJ, Wehbe FH. Sustainability considerations for clinical and translational research 
informatics infrastructure. J Clin Transl Sci. 2018 Oct; 2(5):267-275. PMID: 30828467.
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Informatics and Data Science Research

› K07 CA211786 (Family History Data Capture) 
› 3UL1 TR001450-03S2 (Multisite e-IRB)
› R21 TR002088 (Teleconsent for Remote Research)
› R18 HS025654-01A (Pragmatic EHR-based trial of IPV screening)
› R21 LM012945 (Intelligent Summarization of EHR records for IPV risk)
› R21 TR002513 (Living Biobank: Microbiome specimens)
› UL1 TR001450-04S1 (CTMS implementation)
› K12 DA031794 (Zhu, Opioid abuse identification using NLP)
› UL1 TR001450-04S2 (Cloud implementation SparcRequest)
› U01 TR002628-01A1 (Opioid Overdose Network)
› PCORI Improving Natural Language Processing Methods (NLP)
› +Several Collaborative Grants



EHR Phenotyping: Machine Learning & Text Classification
Examples outside healthcare industry:
• Sentiment analysis: e.g. book reviews
• Spam detection
Machine learning:
• Traditional bag-of-words (BOW) models based on word 

frequencies
• More recently using deep learning classifiers



EHR Phenotyping using Deep Learning Text Classifiers
Use case 1: Altered Mental Status for Pulmonary Embolism Risk Stratification

Use case 2: Suicide Attempts (ISH=intentional self harm) ICD codes

ED 
provider 
notes

patient 
presents 

with 
chest 
pain
and

altered
mental 
status 

per 
ems

n-dimensions

Word 
embedding 
e.g. 
word2vec

AMS

No AMS
Convolutional 

Neural Network 
(CNN)

Can we predict Suicide Attempts before 
occurrence in EHR? 

ISH 
visit

Non 
ISH 
visit

ISH 
visit

Non 
ISH 
visit

Cut at 800

concatenate

1

1

0

0

Cut at 8000

ISH

No ISH

Model AUC (95% CI) Precision Recall F1
RF 0.973 (0.96-0.986) 0.876 0.904 0.890

CNN 0.988 (0.981-0.996) 0.950 0.916 0.933



MS in Clinical Research (MSCR)
Overview
Training in clinical research for health care professionals

Learning Objectives
1. Conduct a comprehensive and systematic review of the literature
2. Formulate a well-defined clinical or translational research question
3. Select an appropriate study design to address a clinical or translational research question
4. Compute, describe, and evaluate descriptive and inferential statistics appropriate to the chosen 

study design
5. Apply ethical codes and professional standards for the conduct of clinical and translational 

research

Includes Informatics
MCR 746-01 Informatics and Data Management for Clinical Research

More at: https://gradstudies.musc.edu/programs/masters/clinical-research



PhD Program in Biomedical Data Sciences and 
Informatics (BDSI)

Joint program between MUSC and Clemson:
BMIC/DPHS at MUSC and
Departments of Public Health Science and Computer Science at Clemson

More at: https://www.cs.clemson.edu/bdsi/


