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For those participating that would like to use the 
Closed Captioning Service: 

⎻Please use this link:
http://www.captionedtext.com/client/event.aspx?
CustomerID=1519&EventID=4069722

⎻The event confirmation number is 4069722.

http://www.captionedtext.com/client/event.aspx?CustomerID=1519&EventID=4069722
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At the end of this session, participants will be able to: 

• Describe how CQL compares to SQL 
• Describe the logic sharing architecture of CQL 
• Locate resources regarding CQL technical 
implementation
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Slides are available for download now!

⎻ To access the slides, see the 
Event Resources Pane
⎻ Click on the link to access the 
slides for today’s session
⎻ A new window will open 
permitting you to save or 
print the PDFs
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This program is designed to be interactive.

⎻All participants are connected 
in listen-only mode
⎻Ask questions through the Ask a 
Question pane
⎻Visit the links and resources 
noted in the slides
⎻Download the slides and share 
the recording
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Expert to Expert Webinar 
recordings, slide decks, 
transcripts, and Q&A 
documents are posted 
here:

https://www.jointcommission.org/piq_
expert_to_expert_series/

https://www.jointcommission.org/piq_expert_to_expert_series/
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This webinar is approved for 1.0 Continuing Education 
Credit for:
⎻ Accreditation Council for Continuing Medical Education (ACCME) 
⎻ American Nurses Credentialing Center (ANCC)
⎻ American College of Healthcare Executives (ACHE)
⎻ California Board of Registered Nursing
⎻ International Association for Continuing Education and Training (IACET) 

(.1 credit)
Continuing Education credits are available for the live webinar 

presentation only. Credits will not be available for webinar 
replays.



8

© 2018 The Joint Commission. All Rights Reserved.

Pioneers in Quality™ 
Expert to Expert Series: Technical Implementation of 
Clinical Quality Language (CQL) 

To claim credit, you must have: 
⎻1) Individually registered
⎻2) Listened to the entire live webinar* 
⎻3) Completed a post-program evaluation/attestation**

* Listening with colleagues and did not use your own computer to join? 
You can still claim CE credit if you meet these criteria. 

** Program evaluation/attestation survey link will be emailed to 
participants tomorrow. 

PDF certificates will be emailed 2 weeks after the session; all 
participant CE certificates are sent at the same time.

⎻ For more information on The Joint Commission’s continuing education policies, visit this  
http://www.jcrinc.com/store/learning-events/continuing-education/

http://www.jcrinc.com/store/learning-events/continuing-education/
http://www.jcrinc.com/store/learning-events/continuing-education/
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Disclosure Statement

These staff and speakers have disclosed that neither they nor their 
spouses/partners have any financial arrangements or affiliations with 
corporate organizations that either provide educational grants to this 
program or may be referenced in this activity:

⎻ Tricia Elliott, MBA, CPHQ, Director of Quality Measurement, 
Department of Quality Measurement, The Joint Commission 

⎻ Bryn Rhodes, ESAC, Inc. (ESAC, Inc. is a Centers for Medicare & 
Medicaid Services subcontractor)
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Agenda
⎻CQL Implementation
⎻CQL/SQL Side-by-side
⎻CQL/SQL Translation
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CQL Implementation
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Clinical Quality Language (CQL)

⎻Health Level 7(HL7) standard designed to:
−Enable automated point-to-point sharing of executable 
clinical knowledge
−Provide a clinically focused, author-friendly, and 
human-readable language
⎻Currently a Standard for Trial Use (STU) publication
−http://cql.hl7.org

http://cql.hl7.org/


13

© 2018 The Joint Commission. All Rights Reserved.

Components of Sharing Logic

Definitions:
SNOMED CT – Systematized Nomenclature of Medicine – Clinical Terms
LOINC – Logical Observation Identifiers Names and Codes
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CQL Training for Measure Implementers

CQL Architecture

Definitions:
SQL – Structured query language
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CQL Training for Measure Implementers

CQL-to-ELM Translation
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Expression Logical Model - ELM 

⎻A “byte-code” representation of CQL logic: carries sufficient 
semantics to enable execution independent of the CQL that 
produced it

⎻A “canonical” representation in terms of more primitive 
operations: focused on supporting implementation use cases 
such as evaluation and translation

⎻Conceptually, the same abstraction that underlies HTML
• An HTML web page can describe a document independent of 
any particular platform

• Platform-specific browsers render that web page so users get 
the same experience, regardless of the technology they are 
using
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Expression Logical Model - ELM 

⎻ELM expressions are built as trees of nodes, where each kind of 
expression is represented by a different node type

⎻For example, 2 + 2 is represented as:
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Expression Logical Model - ELM 

⎻ In general, operations and functions in CQL have an equivalent 
ELM representation

CQL Operator or Function ELM Node Type

= Equal

and And

+ Add

Ceiling() Ceiling
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Type Categories Used in ELM

⎻Primitive types
• Boolean
• String
• Integer
• Decimal
• DateTime
• Time

⎻Collection types
• List<T>

⎻Structured types
• Class types (defined by a data model)
• Tuple (anonymous class types)

⎻ Interval types
• Interval<T> (must be an ordered type)
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Example of a Simple Retrieve

⎻Pharyngitis Diagnoses:

⎻ELM Retrieve:
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Model Info Example
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System Model Defines Base Types Used In ELM

⎻System.Any – Base type for all types
⎻System.Boolean
⎻System.Integer
⎻System.Decimal
⎻System.String
⎻System.DateTime
⎻System.Time
⎻System.Quantity – e.g., 3 'gm'
⎻System.Code – code, system, version, display
⎻System.Concept – codes, display
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CQL Library

⎻Named, versioned groupings of CQL components
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Patient Context

⎻ CQL has the notion of a "context"
⎻ Implicit filter
⎻ Allows authors to write from a particular perspective
⎻ e.g. eCQMs typically written from a Patient perspective
⎻ All population criteria are expressed with respect to the data for a single 

patient
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Expression Example CQL to ELM
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Evaluation Approaches



27

© 2018 The Joint Commission. All Rights Reserved.

Representation in SQL

CQL
⎻Query language

−Clinically-focused
⎻Clauses

−Source
−Relationship 

(with/without)
−Where
−Return
−Sort

SQL
⎻Query language

−Generalist
⎻Clauses

−From
−Join
−Where
−Select
−Order By
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Translation Approaches
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Health eDecisions Schema Framework

⎻https://github.com/cqframework/healthedecisions

⎻ .NET-Based Framework for building ELM language processing 
applications

⎻Part of the Clinical Decision Support (CDS) Knowledge Artifact 
Specification (KAS) tooling

⎻Used to validate CDS KAS examples
⎻Also to translate ELM for pilots

https://github.com/cqframework/healthedecisions
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General electronic Clinical Quality Measure (eCQM) 
Calculation Architecture

Calculation Engine is what performs the measure 
calculations

Logic is the description of how the measure calculates 
against the clinical information, for example, patient 
records

Model is the structured representation of clinical 
information that is used to calculate the measure

Data Access is how records of clinical information are 
retrieve from the underlying system, for example, an 
Electronic Health Record (EHR)

Terminology is concerned with determining whether 
clinical information is related to the measure logic 
through looking at coded values

Libraries enable the reuse of measure logic across 
measures and decision support artifacts
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Representing CQL Queries in SQL
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Example of a Query
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Example of a Retrieve (represented using exists)
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Example of a Retrieve (represented using join)
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Terminology Example

⎻ Includes all terminologies referenced by the measure
⎻This may include direct-reference codes (individual codes), in 

addition to valuesets
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Example of Filtering with “Where”
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Timing Relationships

1. Comparing two date/time values

2. Comparing a date/time value with an interval (period)

3. Comparing an interval with a date/time value

4. Comparing two intervals
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Intervals and Timing Phrases

1. Other interval operators

2. Timing phrases using starts and ends

3. Timing phrases with offsets

4. Timing phrases with precision
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Example of Relationships
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Example of Multiple Relationships
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Example of Alternative Relationships
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Example of Multiple Sources
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Example of Combining Lists
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Example of Using “Return” to Shape Results
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Example of Intersect and Except
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Example of Using “Let” in Local Definitions
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Resources

• CQL Specification - CQL Release 1, Standard for Trial Use (STU) 2:

• http://www.hl7.org/implement/standards/product_brief.cfm?product_id=400

• eCQI Resource Center: https://ecqi.healthit.gov/

• Events page  and Educational Resources:

• https://ecqi.healthit.gov/ecqi/ecqi-events

• https://ecqi.healthit.gov/cql/cql-educational-resources

• CQL Space, including the QDM v5.3 and v5.3 Annotated:

• https://ecqi.healthit.gov/cql

• CQL Formatting and Usage Wiki:

• https://github.com/esacinc/CQL-Formatting-and-Usage-Wiki/wiki

• CQL GitHub Tools Repository 

• https://github.com/cqframework/clinical_quality_language

• Measure Authoring Tool: https://www.emeasuretool.cms.gov/

• Bonnie Testing Tool: https://bonnie.healthit.gov/

• To submit an issues ticket for CQL, please visit the ONC JIRA site 

• https://oncprojectracking.healthit.gov/support/projects/CQLIT

http://www.hl7.org/implement/standards/product_brief.cfm?product_id=400
https://ecqi.healthit.gov/
https://ecqi.healthit.gov/ecqi/ecqi-events
https://ecqi.healthit.gov/cql
https://github.com/esacinc/CQL-Formatting-and-Usage-Wiki/wiki
https://github.com/cqframework/clinical_quality_language
https://www.emeasuretool.cms.gov/
https://bonnie.healthit.gov/
https://oncprojectracking.healthit.gov/support/projects/CQLIT
https://ecqi.healthit.gov/cql/cql-educational-resources
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Appendix Slides:
Available at the End of Slide Deck
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⎻ Ask questions now through 
Ask a Question pane

⎻ Include:
•Measure name
•Slide number if applicable
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REMINDER - Slides are available for download now!

⎻ Event Resources Pane
⎻ Select the link for PDF of slides 
⎻ A new window will open 
permitting you to save or print 
the PDF
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Clinical Quality Language (CQL) 

Expert to Expert Webinar 
recordings, slide decks, 
transcripts, and Q&A 
documents are posted 
here:

https://www.jointcommission.org/piq_
expert_to_expert_series/

https://www.jointcommission.org/piq_expert_to_expert_series/
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COMING SOON!
Pioneers in Quality Proven Practices Webinar Series

• Proven Practice Expert Contributors share practices and 
tips to assist peers in eCQM implementation and data 
use

• Three webinar sessions - August  through September 
2019

• Registration opening soon
• Visit 

https://www.jointcommission.org/proven_practices_webinar_series/ for 
additional information 

• You will be able to register for all sessions via that page

https://www.jointcommission.org/proven_practices_webinar_series/
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CE Session Evaluation Survey and 
Certificate

You will receive an automated email that will direct 
you how to access the evaluation survey. 

We use your feedback to inform future content and 
assess the quality of our sessions.

The evaluation closes in 2 weeks. The evaluation closes in 2 weeks. 

After the evaluation period closes, a printable 
certificate will be emailed to all participants that 
complete the survey and meet all CE 
requirements.
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Clinical Quality Language (CQL) 
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Appendix
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Library Example
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Parameter Definition
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CQL-to-ELM Translator

⎻ CQL-to-ELM Translator

− Reference implementation of a translator that produces ELM from CQL input
− Kept up to date as part of the specification
− Used to produce and validate examples used in the specification
⎻ Java-based

⎻ Service packaging available



59

© 2018 The Joint Commission. All Rights Reserved.

JavaScript Engine

⎻ JavaScript ELM interpreter

⎻ Runs based on the JSON of an ELM library

⎻ Can be embedded in a browser or run via node.js

⎻ Kept up to date as part of the tooling for the specification
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Database Management System (DBMS)-based eCQM 
Calculation Architecture Example

These components are present in current calculation systems, though they may be 
implemented differently in different environments. For example, an implementation 
primarily based around a DBMS such as MSSQL Server may have:

Calculation Engine in this case is the overall DBMS such as Oracle 
or Microsoft SQL Server
Logic defined as stored procedures in the database, typically 
hand-translated from the human-readable
Model is defined as tables or views in the database, typically 
mapped from the source EHR to HL7 V3-style structures

Data Access is performed by the database system via index 
access
Terminology is typically “cached” as tables in the database and 
related using filters and joins in the logic

Libraries of commonly used patterns in the measure definitions 
may be abstracted as additional stored procedures
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Service-based eCQM Calculation Architecture Example

As another example, the measure calculation may be performed in a service layer in a 
platform such as .NET. In this case:

Calculation Engine is the middleware service layer that actually 
performs the calculations
Logic is represented as methods in a development language 
such as Java or .NET
Model is defined as .NET classes, typically derived from HL7 V3 
models
Data Access is performed by a service layer, accessing a 
database or HL7 V3 documents
Terminology may be provided by a full terminology service, or 
by caching relevant terminologies
Libraries in this case are just .NET assemblies containing 
commonly used calculation methods
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Current Health Quality Measures Format (HQMF) 
eCQM Calculation Architecture

Building on this example for an HQMF/Quality Data Model (QDM) calculation 
environment specifically:

Translator provides 
conversion from 
HQMF/QDM to the target 
environment (may be 
DBMS, service, etc.)

• Translation process may be 
manual or automatic

• For most implementations, this is a 
manual, time-consuming, and 
error-prone process

• Implementing an automatic
translation process is possible with 
HQMF/QDM, but extremely difficult
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Near Term HQMF/Clinical Quality Language (CQL) 
eCQM Architecture

If the environment already has a translation component, the transition to CQL 
involves changing the translator to use Expression Logical Model (ELM), rather than 
HQMF/QDM as the source for the measure definitions. All other components could 
potentially remain the same in this environment:

Translator provides 
conversion from 
HQMF/ELM to the target 
environment

• Note, however, that since the QDM 
logic and CQL are very different 
approaches, changes to the 
translator to use ELM may require 
changes to the calculation engine

• In other words, this is a potential 
approach, but it is a non-trivial lift



64

© 2018 The Joint Commission. All Rights Reserved.

Alternative HQMF/CQL eCQM Architecture

An alternative enabled by using CQL is to use a native CQL/ELM engine. In this 
alternative, the vendor focus would be on development of the Data Access layer 
component, and using an open source engine implementation:

Native Open Source 
Engine enables the system 
to directly consume 
HQMF/ELM produced by 
the MAT

• The availability of open source 
tooling changes the focus of 
implementation from the engine 
itself to the mapping of the data 
source, a simpler process because 
the data model is still QDM
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Long Term HQMF/CQL eCQM Architecture

Longer term, the goal is to enable harmonized data model standards to be used for 
both clinical quality measurement and decision support:

• Ideally, these same data model 
standards will be part of the 
interoperability capabilities of 
EHRs, further reducing the burden 
on implementers for consuming 
measure and decision support 
artifacts

Native Open Source 
Engine enables the system 
to directly consume 
HQMF/ELM produced by 
the Measure Authoring Tool 
(MAT)
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