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Europe RWD landscape is notoriously 
fragmented

AOK, 
BARMER

NPR

SNDS
EGB

CPRD
HES

ARNO

National Quality 
Registers, 

Swedish Cancer 
Register

IMA-
AIM

PHARMO, 
Nivel, CBS

Swiss National 
Cohort

DMC

Multiple systems across Europe, 
all built for local needs, with 
incompatible coding, structures 
& governance

DARWIN-EU and EHDEN were 
initiated to resolve these issues 

BiFAP, SIDIAP
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What is Data Quality?

EMA bases its data quality framework on 5 pillars: 

1. Extensiveness

2. Coherence

3. Timeliness

4. Relevance

5. Reliability

FDA emphasizes: 

1. Completeness

2. Conformance

3. Plausibility

4. Integrity

A Harmonized Data Quality Assessment Terminology and Framework for the Secondary Use of Electronic Health Record Data - PubMed

https://pubmed.ncbi.nlm.nih.gov/27713905/
https://pubmed.ncbi.nlm.nih.gov/27713905/
https://pubmed.ncbi.nlm.nih.gov/27713905/
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We explore a 
3-layered 
approach to 
data quality 

Data Quality Layer
Profile and detect – make data quality issues visible

Analytics Layer
Quantify impact and look for problematic trends

Action Layer
Remediate – make data fit for purpose
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Data Quality Tier
Automated profiling and custom data quality rules

Analytics Tier
Diagnose quality issues

Action Tier
Decide whether to regenerate, fix 
or approve for downstream use 

Tiered approach to data quality
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The Tiered 
Data Quality 
Approach

Data Quality Layer
Profile and detect – make data quality issues visible

Analytics Layer
Quantify impact and look for problematic trends

Action Layer
Remediate – make data fit for purpose
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Data Quality Layer 
Automatic Data Profiling

• Centralised data assets and metadata management
• Grab a view on data heterogeneity and completeness issues
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Data Quality Layer 
Define Additional Data Quality Check Rules

Dimension Description Example

Reliability

-Data values and distributions agree with internal 
measurements or local knowledge.
-Logical constraints between values agree with 
common knowledge.
-Observed or derived values conform to expected 
temporal properties. 

-Height and weight are positive values.
-The patient's sex agrees with sex-specific contexts (e.g., 
pregnancy)
-Discharge date/time happens after admission date/time

Extensiveness
-Missing required values.
-Coverage of a population.

-”Sex” variable should not be missing

Coherence

-Unique (key) data values are not duplicated.
-Data values conform to allowable values or 
ranges.
- Data values conform to the representational 
constraints based on external standards.
-The precision of values is fitting a target standard

-A patient ID number is only assigned to a single patient.
-Sex only has values “M”, “F” or “U”.
-Diagnosis code conforms to ICD-10 standards.
-Two decimal digits are used in continuous variable.

Relevance
- The number of variables available in a given 
dataset matches the number of required variables

-All the necessary variables based on the research 
questions are available.
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Data Quality Layer 
Orchestrate Data Quality Decision Flow for Transparency and Reproducibility

• Orchestration layer for 
executing data quality 
rules at scale

• Combine with rule sets, 
lookup tables, AI/ML 
models, conditional 
logics etc.
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Data Quality Layer 
Build & Manage Data Quality Check Rules

• Rule Set: A collection of logic statements that define conditions to evaluate 
data quality
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Data Quality Layer 
Automate Data Quality Check Pipeline/Workflow

• Deploy a decision flow 
into a bigger pipeline to 
automate end-to-end 
data quality check, data 
cleaning, and data 
wrangling tasks.
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Data Quality Layer 
Full SAS Codes and Logs for Traceability

• The full SAS codes 
and logs are 
available behinds 
the pipeline and 
workflow built from 
GUI. 
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Data Quality Layer 
Monitor Data Quality Metrics via Interactive Dashboard

• Visible and actionable 
insights on data quality 
issues. 

• Update data quality 
dashboard automatically 
with a scheduled run
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The Tiered 
Data Quality 
Approach

Data Quality Layer
Profile and detect – make data quality issues visible

Analytics Layer
Quantify impact and look for problematic trends

Action Layer
Remediate – make data fit for purpose
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Quantify impact of data gaps Measure how missing or inconsistent data 
changes model output or endpoint validity

Explore relationships
Use unsupervised methods to reveal 
anomalies or surprising patterns for further 
investigation 

Detect systematic bias

Identify if under-recording or missingness 
disproportionately affects subpopulations (e.g., 
older patients, rare indications, or low-volume 
sites).

Cross reference with external 
sources 

Integrate literature, other data sources to test 
representativeness

Look for recurring patterns in 
suspicious data over time

Track anomalies longitudinally, e.g., data drift, 
shifts in coding practice, or variable 
completeness over successive data refreshes.

Automate checks which 
will be repeated

Adapt 
analytics layer 
to the specific 
use case
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Analytics Layer 
Quantifying the downstream impact of the data quality issues

• Use SAS Visual Analytics to run simulations to quantify the impact of missing 
values on the fidelity of a machine learning model
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Data Quality Layer 
Orchestrate Data Quality Decision Flow for Transparency and Reproducibility

• Build those thresholds 
into the Decision Flow to 
flag up if data quality 
issues are too high to use 
the data
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The Tiered 
Data Quality 
Approach

Data Quality Layer
Profile and detect – make data quality issues visible

Analytics Layer
Quantify impact and look for problematic trends

Action Layer
Remediate – make data fit for purpose
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Data Quality Tier
Automated profiling and custom data quality rules

Analytics Tier
Diagnose quality issues

Action Tier
Decide whether to regenerate, fix 
or approve for downstream use 

Tiered approach to data quality
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Synthetic data is data that has 
been generated using a purpose-
built mathematical model or 
algorithm, with the aim of solving 
data science tasks
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Synthetic data could revolutionise 
how we access and interact with 
healthcare datasets.” 

The cumulative sum of human 
knowledge  has been exhausted in AI 

training… The only way to supplement 
that is with synthetic data.

– Elon Musk

“

”

Hype around Synthetic Data

The rise of synthetic data will 
completely transform the economics, 
ownership, strategic dynamics, even 

(geo)politics of data.

– Forbes

“

”
Synthetic Data Is About To Transform 
Artificial Intelligence (forbes.com)

Synthetic data: breaking the data logjam in 
machine learning for healthcare // van der 
Schaar Lab

– Michaela van der Schaar

“

”

Through 2030, for data used to train AI 
models, synthetic structured data will 

grow at least three times as fast as real 
structured data. 

– Gartner

“

”
– Sam Altman, Open AI

“

”
Emerging Tech: Top Use Cases for Tabular Synthetic 

Data, Gartner, September 22, 2022

As long as you can get over the synthetic 
data event horizon where the model is 
smart enough to make good synthetic 

data, it should be alright.” 

https://www.forbes.com/sites/robtoews/2022/06/12/synthetic-data-is-about-to-transform-artificial-intelligence/
https://www.forbes.com/sites/robtoews/2022/06/12/synthetic-data-is-about-to-transform-artificial-intelligence/
https://www.vanderschaar-lab.com/synthetic-data-breaking-the-data-logjam-in-machine-learning-for-healthcare/
https://www.vanderschaar-lab.com/synthetic-data-breaking-the-data-logjam-in-machine-learning-for-healthcare/
https://www.vanderschaar-lab.com/synthetic-data-breaking-the-data-logjam-in-machine-learning-for-healthcare/
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Wrap-up
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Data Quality Tier
Automated profiling and custom data quality rules

Analytics Tier
Diagnose quality issues

Action Tier
Decide whether to regenerate, fix 
or approve for downstream use 

Tiered approach to data quality
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The Decisioning Cycle

Decision 
Requirements

Governance Workflow

Decisioning Cycle

Optimization

SAS/Python/R Models

Rules

Data

Decision 
Optimization 

Engine

Decision 
Services 

Endpoints 
API/Batch/
Streaming

Results

Inventory
Continuous Learning

Operational 
Systems

• Web/Cloud Apps

• ERP/CRM

• IoT
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Errors using 
inadequate 
data are much 
less than 
using no data 
at all 

- Charles Babbage

Data quality is 
a critical 
element for 
realising the 
full potential 
of data-driven 
regulation

EMA

- European Medicines Agency
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Thank you!

Lisa Murch, lisa.murch@sas.com

William Kuan, William.kuan@sas.com

mailto:lisa.murch@sas.com
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Appendx 
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Pre-generation tasks

• De-identification 

• Imputing missing values

• Identifying anomalies

Data Assessment and Quality Checks

• Variable transformation and encoding

• Normalisation

Data Transformation

• Joint Probability Distributions

• Clustering & ‘right’ number of clusters

'Learning' the Distribution

Right Data begets Right Data
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The SAS Approach for ModelOps

Flexibility
Added-Value/

Enhanced Control
Faster 

Operationalization
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Model 
Management

Decision 
Management

Power Platform

Power 
Automate

Power
Apps

Power Virtual 
Agents

Power
BI

In-Database

In-Stream

Containers

REST APIs/Apps
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