
Work flow characterization
Description of workflow process and the timing and frequency in which the steps occur in each research paradigm
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Abstract
The need to advance clinical science 
using highly optimized, efficient 
research practices is widely recognized. 
The proliferation of electronic health 
records and heightened awareness 
of the potential value gained by 
leveraging this data are catalysts 
driving the transformation of existing 
clinical research methodologies. 

Understanding the nuances in purpose, 
workflow, and data is necessary to 
most effectively design and apply new 
research methods. This typology of 
three research paradigms illuminates 
important factors for stakeholders to 
acknowledge and incorporate into the 
design of research initiatives that span 
the continuum.

Background
Health care delivery processes are 
sources of evidence that advance 
science and evolve medical practice. 

The expectation to elevate the 
standards of care, the proliferation of 
electronic health data, and the pressing 
need to reduce research costs and time 
are fostering the rapid emergence of 
innovative, applied research methods 
such as pragmatic clinical trials, 
population surveillance strategies, and 
predictive analytics. This evolution 
presents opportunities and challenges 
for investigators to optimize their 
research designs to more efficiently 
generate evidence and synthesize 
knowledge by extending data use 
beyond its normative context. 

Methods
•	 Identify research paradigms

 – Prospective clinical trials

 –  Disease registries

 –  Observational research studies

•	 Characterize data

 – Optimization

 – Collection & preparation

 – Generalizability

 – Follow-up information

•	 Describe workflow process

•	 Identify representative data 
elements

•	 Evaluate implications of differences 
in paradigms and data sources

Areas for Discussion
ReseaRcheRs
•	 How can we expedite synthesis and dissemination of clinical knowledge?

•	 How do we use and allocate resources wisely?

•	 How can we increase the viability of research proposals?

•	 Can claims or financial data be leveraged to add new dimensions to research 
proposals?

InfoRmatIcs and It PRofessIonals
•	 What can we do to advance, align and harmonize clinical data standards that 

facilitate semantic and syntactic interoperability?

•	 How can we improve EHR designs so that data collected during care delivery 
can be used (more easily and with less transformation) as a backbone of 
clinical trials, disease registries, and observational research?

health caRe admInIstRatoRs
•	 What data capture system can we purchase that will maximize operational effi-

ciency (collect once, reuse for multiple purposes with minimal transformation)?

•	 How can we adjust workflow to improve data capture for multiple uses?

•	 How can we reuse data to expedite the translation of information into 
knowledge, support evidence-based medicine, and evaluate clinical and 
financial outcomes?

•	 How can we support researchers without distracting from healthcare operations?

PolIcy makeRs
•	 How can we use our influence to change accreditation and certification 

requirements in order to encourage HCOs to implement efficient systems?

•	 How can we incentivize uptake of interoperable data?

futuRe aReas of study
•	 Evaluate the differences in cost implications and resource utilization 

associated with re-purposing data vs traditional data acquisition methods.

•	 Evaluate the degree of interoperability among data extracted from various 
EHR systems when used for one or more research paradigms.

•	 Generate recommendations for system and workflow re-design to optimize 
data for use beyond its normative context.

Summary of Conclusions
The most appropriate use of available data —

•	 Increases viability of research proposals

•	 Supports the evolution of evidence-based practice

•	 Shortens time from hypothesis generation to dissemination of knowledge

By recognizing both the opportunities for optimization and inherent limitations 
of each research paradigm, investigators can most appropriately leverage 
clinical and operational data to design efficient and cost-effective research 
projects that ultimately improve healthcare delivery processes and elevate the 
standard of care.

Results
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Factors influencing data fitness for use
Summation of factors that impact the usefulness of data 
outside of its normative context

clinical trials disease Registries electronic Health Records
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selected dimensions from the typology of research paradigms

DAtA USES

clinical trials disease Registries electronic Health Records

Primary use case Phase III trial of an investigational 
agent

Performance improvement and 
outcomes assessment Observational research without direct patient intervention

data optimization for research 
question

HIGH: Intervention and data collection 
are designed to address a specific, 
tightly-controlled research question

MODERAtE: Research questions 
are modified to the available care 
delivery processes

LOW: Research questions must be modified to fit available 
observations and data
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Content Targeted to answer specific research 
questions

Targeted toward assessment of 
clinical outcomes or performance 
measures

Transactional and encounter-specific; driven by standards of care 
and operational and billing requirements; reflects the continuum of 
very general to highly specialized care delivery

Degree of abstraction
Clinical judgment and interpretation 
are required to report the requested 
data

Clinical judgment and interpretation 
are required to abstract responses 
from data reported through an EHR

Clinical judgment/interpretation is required in some sections 
of an EHR but largely EHR data is ‘raw’ data; that is, the data 
are produced by, or directly measured during, care delivery or 
administration

Missing data and  
quality control Carefully managed Generally addressed, but may not be 

corrected at the source (EHR) Missing data and quality control issues are common

Data elements Tightly defined Tightly defined Definitions vary within and across EHR systems

Measurement methods Tightly prescribed Variably prescribed across registries Vary widely within standard of care

Visit schedule Tightly prescribed and within a finite 
period of time

Regular visits, infrequent but over 
longer to infinite periods of time Schedule and frequency are highly individualized

Reporting method Consistently reported by trained 
research personnel

Consistently reported by trained 
specialists Reported by multidisciplinary health care providers

Frequency of data capture Entered at tightly prescribed times 
corresponding to visit schedule Entered at prescribed times Constantly entered and updated

generalizability
Dependent on sample size; generally 
limited to a population similar to study 
participants

Represents a cross section of patients 
with specific disease conditions

Heterogenous, clinical diverse population reflective of actual 
clinical practices and the "real world"

Follow-up information Limited to finite study period Longitudinal while patient is followed 
by a participating institution

Longitudinal while patient receives care within a given health 
system

eXAmPle: left ventricular ejection fraction
The amount of blood ejected during a ventricular contraction of the heart. The calculated resting left ventricular ejection 
fraction (LVEF), expressed as a percentage, is based on the formula: LVEF=EDV-ESV/EDV x 100 where End Diastolic Volume 
(EDV) is the amount of blood in the left ventricle at the end of ventricular filling and End Systolic Volume (ESV) is the amount 
of blood remaining in the left ventricle at the end of ventricular ejection.

DAtA USES
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Use case
• Inclusion/exclusion criteria
• Study endpoint

• Process measurement (whether assessed)
• Performance measurement  

(whether acted upon)

• Care delivery (establish diagnosis)
• Decision support (adjust treatment)

semantic 
interoperability Yes Yes Yes

data type Quantitative (%) as an absolute #  
(measured only)

• Quantitative (%) as an absolute # (both 
measured and imputed by rule)

• Quantitative range (between ____ and ____%) 
usually converted into an imputed value

• Qualitative (e.g., normal; increased; mildly, 
moderately, or severely reduced) usually 
converted into an imputed value

• Quantitative (%) as an absolute #  
(as measured)

• Quantitative range (between ____ and ____%) 
usually

• Qualitative (e.g., normal; increased; mildly, 
moderately, or severely reduced)

Analysis context
• Highly controlled study population
• Comparison of populations to evaluate 

for differences in outcomes

• Populations of patients with the same 
disease or condition

• Comparison of populations to evaluate for 
differences in process or performance

• Individual patient
• Data that is useful in evaluating for the 

presence of a disorder and determining 
diagnostic/therapeutic approach

determination 
method

• Modality usually specified
• Measurement methodology rigorously 

controlled (often by Core Lab)
• Standardized time points, conditions

• Measurements by multiple modalities 
expected

• Measurement methodology per local 
laboratory

• Time points or conditions for measurement 
are less controlled

• Subjective interpretations are acceptable

• Multiple modalities utilized
• Measurement methodology per local 

laboratory
• Subjective interpretations acceptable
• Time points or conditions for measurement per 

clinical workflows

Precision 
(reproducibility) High Low Low

Uniqueness Pivotal, deterministic, absent data precludes 
analysis

Key for analyses, absent data reduces validity 
of analyses

• One of many pieces of data used to describe a 
patient

• Supportive data
• Not deterministic

eXAmPle: Acute myocardial infarction
Clinical syndrome where there is evidence of myocardial necrosis in a clinical setting consistent with acute  
myocardial ischemia. 
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clinical trials disease Registries electronic Health Records

Use case
• Inclusion/exclusion criteria
• Study endpoint

• Index event (inclusion criteria)   
• Adverse event

• Care delivery (establish diagnosis)
• Decision support (adjust treatment)
• Billing (ICD-9 coding diagnosis)

semantic 
interoperability Yes Yes Yes

data type
• Boolean (presence / absence of MI)

• Subclassification per Universal 
Definition of MI classification schema

• Boolean (presence / absence of MI) 

• Subclassification per registry focus  
(e.g., NSTEMI, post-PCI event)

Coding diagnosis per ICD-9 / SNOMED 
classification schema 

Analysis context
• Highly controlled study population
• Comparison of populations to evaluate 

for differences in outcomes

• Populations of patients with the same 
disease or condition

• Comparison of populations to evaluate for 
differences in process or performance

• Individual patient
• Condition that determines diagnostic / 

therapeutic approach
• Condition that can be coded and used for 

billing for hospitalization services

determination 
method

• Highly specific criteria per protocol
• Measurement methodology rigorously 

controlled (often by Core Lab) 
• Standardized time points, conditions

• Requires identification of presence of MI 
by site reporting to the registry

• Criteria for presence / absence of MI per 
local specifications 

• Time points or conditions for 
measurement are less controlled 

• Subjective interpretations can override 
objective criteria (e.g., differential 
diagnosis of troponin elevation)

• Criteria for presence / absence of MI per local 
specification, and incorporate clinical judgment

• Measurement methodology per local 
laboratory

• Subjective interpretations can override 
objective criteria

• Time points or conditions for measurement per 
clinical workflows 

Precision 
(reproducibility) High, but adjudication may be needed

High, but requires resources and vigilance / 
subject to ascertainment issues

High, with clinical interpretation expected

Uniqueness Pivotal, deterministic, absent data not 
tolerated

Key for analyses, absent data reduces 
validity of analyses 

• One of many pieces of data used to describe a 
patient

• Supportive data
• Not deterministic
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