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Foreword
This is a white paper of the IHE Quality, Research and Public Health domain.

This white paper is published on December 29, 2021. Comments are invited and can be
submitted at https://www.ihe.net/QRPH_Public_Comments.

General information about IHE can be found at IHE.

Information about the IHE Quality, Research and Public Health domain can be found at IHE
Domains.

Information about the organization of IHE Technical Frameworks and Supplements and the
process used to create them can be found at Profiles and IHE Process.

The current version of the IHE Quality, Research and Public Health Technical Framework can
be found at Quality, Research and Public Health Technical Framework.
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1 Introduction

This document, the IHE QRPH Extracting Indicators from Patient Level Data White Paper,
describes how to use Clinical Quality Language (CQL)! to extract health related indicators from
data in Health Level 7 International’s (HL7®%’s) Fast Healthcare Interoperability Resources
(FHIR®?) data.* It describes how implementers, including software developers, business
analysts, informaticists, etc. may use these technologies in conjunction with appropriate IHE
Profiles. This whitepaper will not describe deidentification. It has been left out of scope due to
the depth required. The appropriate resources have been listed in Section 2.5 Privacy and
Security. Mapping ADX to mADX has been left out of scope for this paper as it warrants a full
investigation and should be independent of the CQL work.

1.1 Purpose of the Extracting Indicators from Patient Level Data
White Paper

Significant effort and resources are expended in low- and middle-income countries (LMICs) to
collect and synthesize health, health system and social determinants of health-related indicators
using paper-based and digital data systems. Reporting on these indicators allows different
stakeholder groups to perform a number of functions, including:
e National governments are able to monitor and evaluate their health system performance
through quality measures.
e Program managers are able to determine programmatic impact on health outcomes and
improvements to health system performance.
e Regional and global health agencies are able to collect aggregate data for public health
monitoring reported from member organizations.
e (Global donors can track the effectiveness of their investments in a country to
programmatic goals.
This whitepaper outlines a staged digital health interoperability framework, which enables
extraction and sharing of indicators from individual digital client records using FHIR and related
IHE profiles. The indicators described capture aggregate data between health or community
workers and clients. That data must have been recorded digitally, whether directly by the
practitioner or by another individual after first being recorded on paper. It must be noted that
digitally recorded indicators may reduce the data collection efforts if well implemented.

The framework is designed for use in LMICs as countries transition through different levels of
digital health maturity. As the framework can be applied to use cases across domains, examples
are included from multiple health program areas:

!https://cql.hl7.org/

2 HL7 is the registered trademark of Health Level Seven International and the use does not constitute endorsement
by HL7.

3 FHIR is the registered trademark of Health Level Seven International and the use does not constitute endorsement
by HL7.

4 http://h17.org/thir/
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HIV 5,6,7,8

Immunization / Vaccine Delivery °

Reproductive, Maternal, Newborn and Child Health '
Health Workforce !!

Improvements in connectivity and infrastructure make national scale deployments of digital
client records and other transactional systems increasingly feasible. The framework leverages
these advancements, as it supports efficient and scalable extraction of indicators directly from
client or patient-facing systems, such as digital client records. The measurement and evaluation
of the digital health investments through routine indicators provides a critical feedback cycle to
improve the effectiveness of these investments.

Current monitoring and evaluation (M&E) standard practices for the collection and management
of aggregate service delivery data have several challenges including:

e Health workers are diverted from their primary role of providing clinical care in order to
tally and produce the required reports;

e Additional workforce cadres are often required to transfer data from paper-based to
electronic client-facing systems to facilitate reporting of aggregate indicators. The cost of
aggregate data collection tools, whether paper or electronic, is high and diverts resources
from the provision of care services; and

e Data quality cannot be automatically evaluated or compared with other jurisdictions.

Through the utilization of a common standard, a computable means of defining indicators, and
the ability to share datasets across systems and jurisdictions, this framework also aims to create
cost efficiencies and mitigate challenges in the indicator reporting workflow by:

e Reducing the effort required to align the narrative definitions and reporting requirements
for indicators across multiple stakeholders (e.g., national governments, global donors,
international development agencies, and multilateral organizations). !

e Allowing for narrative indicator definitions to be consistently interpreted when translated
into source code for numerator or denominator collection and calculation.

e Reducing the need for functionality that extracts and calculates indicators to be
redeveloped across digital health system components.

e Reducing the change management burden caused by frequent updates to routine reporting
requirements (e.g., additional training and updates to training materials).

This interoperability framework is described by a Data Sharing Specification (DSS) that provides
a staged set of technical resources applicable at different levels of digital health maturity.

5 https://www.ihe.net/uploadedFiles/Documents/QRPH/IHE_QRPH_Suppl ADX-HIV.pdf
6 https://www.pepfar.gov/documents/organization/263233.pdf

7 https://www.who.int/hiv/pub/guidelines/strategic-information-guidelines/en/

8 https://www.who.int/hiv/pub/guidelines/person-centred-hiv-monitoring-guidelines/en/

9 https://www.gavi.org/results/measuring/2016-2020-indicators/

19 https://www.measureevaluation.org/prh/rh_indicators/indicator-summary

1 https://www.who.int/hrh/documents/brief nhwa_handbook/en/

12 http://www.unaids.org/sites/default/files/media_asset/global-aids-monitoring_en.pdf
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Maturity levels are defined according to the HIS Stages of Continuous Improvement, ' and the
HIS Interoperability Maturity Model.!*!> These resources are designed around three different
levels of maturity:

Siloed - a standalone digital health system using a bespoke data model running on a low-
powered and often disconnected device that wants to report an indicator directly and
requires a precise definition of an indicator.

Integrated - a standalone digital health system that can share data, is locally connected,
and that wants to offload indicator calculation to a locally available service.

Exchanged - a connected digital health system operating within a health information
exchange that wants to contribute data to a longitudinal client record, upon which
indicator calculations are performed.

Provided that appropriate patient-level data protections and data sharing agreements are in place,
the DSS defines the following to support sharing of digital client records between stakeholders
and health or administrative jurisdictions:

Inclusion and exclusion criteria for a population cohort.

A minimum data set (MDS) of de-identified data for the population cohort, expressed in
the HL7 FHIR data model.

One or more indicator calculations that can be applied to an MDS, expressed in the
Clinical Quality Language (CQL)'®

At the highest level of maturity, this whitepaper assumes the existence of the following:
One or more digital client record systems, compatible with the HL7 FHIR data model,
deployed at various points of service, which capture transactional information during
various points in clinical care workflows.

A master facility registry, compliant with the IHE mCSD Profile, which maintains
health facility data at all places of service, as well as relevant organizational or
geographic hierarchies.

A terminology service, compliant with HL7 FHIR, which maintains standard
terminologies (e.g., LOINC®!7, ICD 10), indicator metadata such as the codesets for
disaggregators and the mappings between them as indicator definitions change.

A client registry, compliant with the IHE PIXm/PDQm/Patient Resources for Identity
Management (PRIM) Profiles, that is used to cross-reference clients as they interact at
multiple points of service and contains basic client demographic data.

A health worker registry, compliant with HL7 FHIR/mCSD, which contains metadata
and multiple identifiers for health workers, including their deployment locations.

A longitudinal client record, compliant with HL7 FHIR, which serves as a repository of
client information across multiple points of service.

13 https://www.measureevaluation.org/resources/publications/tl-19-27

14 https://www.measureevaluation.org/resources/publications/tl-17-03¢/

15 Digital implementation investment guide: integrating digital interventions into health programmes. Geneva:
World Health Organization; 2020. Licence: CC BY-NC-SA 3.0 IGO. e.g., Fig 1.3.1 and p. 13
16 https://ecqi.healthit.cov/cql-clinical-quality-language

7 LOINC® is registered United States trademarks of Regenstrief Institute, Inc.
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e A CQL Engine, which computes required indicators expressed by operating on the
longitudinal client record.

Finally, the digital health interoperability framework aims to be responsive to current trends in
global health including:
e National governments developing and investing in digital health roadmaps.
e The WHO’s release of guidelines on the effectivity of digital health interventions, in
response to the call by member states. '*
e Global donors aligning along the Principles of Donor Alignment for Digital Health
(Digital Investment Principles). '’

The Mobile Aggregate Data Exchange (mADX) Profile? defines transactions for sending
indicator data values and the exchange of the underlying metadata, including identifiers for the
location of health facilities, and geographic or organizational reporting units as well as required
disaggregation elements. Disaggregation is the breaking down of indicators into subgroups and is
frequently used for identifying populations within a broader group, for example age or sex. This
white paper leverages the mADX Profile and outlines three architectural patterns using the HL7
FHIR data model and HL7 CQL to create computable indicators from transactional health
information solutions such as electronic medical record (EMR), supply chain, health financing
and health workforce information systems.

The digital health architectural patterns for indicator reporting and health system monitoring in
this whitepaper are intended to comprise a common data infrastructure that aligns with other
digital health workflows. Figure 1.1-1 illustrates how routine clinical workflow data, captured
electronically using HL7 FHIR, can be leveraged for secondary data usage workflows using a
Health Information Exchange (HIE). The diagram includes three examples of possible uses:
clinical decision support, case-based reporting, and health system monitoring. In this diagram the
HIE would be collecting information from the various kinds of repositories described above; and
data from that entity could be used for case based reporting, health system monitoring, and
clinical decision support based on CQL. This paper only covers the person level reporting aspect
of this diagram.

18 http://apps.who.int/gb/ebwha/pdf filess WHA71/A71 _ACONF1-en.pdf
19 http://digitalinvestmentprinciples.org/
20 https://www.ihe.net/uploadedFiles/Documents/QRPH/IHE_QRPH_Suppl mADX.pdf
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Figure 1.1-1: Clinical workflow data supporting multiple information needs

1.2 Intended Audience

The digital health interoperability framework described in this paper enables the extraction and
sharing of indicators from point of service or other transactional systems, including digital client

240  records, in support of program management and reporting data use-cases from facility to global
level. The consolidation of investments around such a system will allow donors to focus
resources on transactional systems rather than disparate aggregate data collection systems, better
utilizing scarce human and financial resources and allowing for greater focus on supporting
clinical care.

245  The inclusion of a maturity model, aligned with the Digital Investment Principles, provides
tiered entry points to allow countries to opt in to the framework as they are able.

The intended audiences of this whitepaper include:
e Health System Program Managers: Individuals at public health institutions, including
Ministries of Health and organizations that want to collect and share aggregate or de-
250 identified person-level data with quality agencies, funders, external communities, and
institutions. May also include individuals at funding organizations, decision-makers and
MA&E staff looking to increase the timeliness of routinely reported data, and to receive
deduplicated and/or de-identified person-level data for analysis.
e Software Developers: Software vendors and implementers looking to collect data for
255 improved reportability. May also include managing or IT staff of healthcare institutions,
quality agencies, research organizations, and epidemiology institutions that want to share
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or integrate with other institutions to perform healthcare quality assessments, research, or
epidemiology studies.

e Business Analysts/Knowledge Engineers: Individuals, including those from Ministries of
Health, vendors, implementers, or other organizations, looking to document
requirements, which software developers can use to meet business needs.

This white paper provides a framework and Data Sharing Specification (DSS) Intake Template,
defined in Section 2.4.2.1, intended to be used by a business analyst in documenting the needs
across the various stakeholders. The DSS Intake Template can then be used to define the DSS by
a software developer. The intended process is illustrated in Figure 1.2-1.%!

Computable Care & Secondary Data Usage

Guidance and Policy

L1 Narrative: Guidelines and policies
are developed by policy and health

experts
e SME, Health Program
Manager, Policy Developer .
« Business Analyst L2 Semi-structured:
 Digital Health Architect WHO Accelerator Kit Recommendations

expressed in terms of HL7 FHIR model
as sfructured business requirements

Indicators Case Decision ) -
Data Sharing Based Support Ufln_g pro::ess flow diagrams, user
Specification slories, eilc.
Intake Form Reports
» Business Analyst
« Digital Health Architect L3 Structured: Computable guidelines
¢ Software|Develaper Data Sharing expressed as HL7 FHIR

Specification

and CQL artefacts

Computable Care Guidelines L4 Executable: Computable guidelines
implemented in a health jurisdiction

Figure 1.2-1: Process flow for the development of Data Sharing Specification

21 Aziz A Boxwala, Beatriz H Rocha, Saverio Maviglia, et al. (2011). “A multi-layered framework for disseminating
knowledge for computer-based decision support”. Journal of the American Medical Informatics Association,
Volume 18, Issue Supplement 1, Pages 1132—1139.

https://academic.oup.com/jamia/article/18/Supplement 1/i132/797073
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2 Patterns and Architecture

This section describes the problem, and general approaches to how to use CQL in order to
extract patient level indicators.

2.1 Problem Description

Data captured during clinical workflows in transactional systems can be used for a variety of
functions (see Figure 1.1-1), including planning and forecasting, resource allocation and
distribution, disease surveillance, and health system performance monitoring. While these data
are invaluable, the systems and processes used in data collection are rife with challenges, several
of which are described below.

2.1.1 Reporting Burden in LMICs

Indicator reporting imposes a particularly high burden on LMICs and strains the limited pool of
resources that are available. Examples of resource inefficiencies and added costs resulting from
this include:

e Redirection of health workers, including clinicians and nurses, from the provision of care
to manually entering and summing data solely for M&E reporting needs.

e Hiring of additional staff specifically to perform data entry activities for indicator
reporting, who also may focus specifically on a single health vertical (e.g., HIV or
Malaria).

e Printing of paper-based aggregate reporting forms, as well as paper registers for tallying
of aggregate data.

In LMICs, patient data are typically captured on paper encounters or registers during visits and
later entered into EMR systems. Facility data used for indicators are aggregated every month and
submitted to the national aggregate information system. The reports demanded of the facility are
complex and labor intensive, so there are considerable benefits in terms of reducing reporting
burden. Simplifying the routine of M&E reporting which should result in reducing program
costs, savings which can be applied to broadening countries’ and organizations’ provision of
care.

The approach outlined in this white paper also provides a path forward towards simplifying
resource intensive routine M&E reporting, with the potential to reduce program costs which
could instead be applied to broadening the provision of care. For the health worker, health
organization, and government body, reducing the reporting burden would result in time savings
and the ability to refocus efforts on the provision of clinical care.
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Programme management for
aggregated data review
include case surveillance

Figure 2.1.1-1: Health data use

2.1.2 Deduplication and Double Counting

Data used in the existing aggregate reporting workflows do not allow for deduplication of
records and consistently double count in the numerator (or denominator) of an indicator. For
example, when only aggregate data are used, there is no way to identify patients whose data are
captured across multiple transactional systems.

2.1.3 Health System Challenges

The global health community faces a number of challenges that require health systems
interventions. These challenges may be specific to a health vertical or span the health system.
For example, immunization and vaccination are a single vertical, however patient management
extends beyond this use case. Assets created for managing patients in immunization should
ideally be reused in other verticals. In this section, the main challenges under consideration in
this white paper are described. It is intended that the architectural patterns developed can be used
to address the range of Health System Challenges identified by the WHO.??

2.1.4 Sustainable Monitoring and Evaluation Infrastructure

Global donors’ investments in LMIC health system have included significant resources allocated
towards M&E processes and systems. For example, the Global Fund to Fight AIDS,
Tuberculosis and Malaria (the Global Fund) has recommended that countries requesting funding
allocate 5-10% of the award towards M&E, which includes strengthening data systems for

22 https://www.who.int/publications/i/item/9789240010567
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reporting.?* As countries’ systems mature and they transition from donor funding, a sustainable
infrastructure is needed that will enable national governments to continue to track their progress
within their budget constraints.

2.2 Definitions and Conventions

This section details the conventions and definitions used in the white paper, which are reflective
of the current and planned digital health information ecosystems that exist within LMICs. A
general architectural approach under which transactional systems can be interoperable with an
M&E reporting system is described, as well as standards for data exchange. Additional
definitions can be found in Appendix C. The electronic Clinical Quality Measure (¢CQM)
initiative in the United States offers an example of how this might work, and makes use of the
same HL7 FHIR data model and CQL resources described in this paper.?*

The basic architectural pattern utilized in this white paper assumes the existence of two or more
transactional information systems which capture and manage patient-level or health system
resource data at a point of service. Although in practice such transactional systems may either be
paper-based or electronic, the white paper does not address the digitization of data from paper-
based systems.

The concepts below relate the terms described in the introduction in relation to HL7 FHIR,
and/or their appropriate IHE profiles. This whitepaper assumes the existence of the following
systems and services based on those standards:

e One or more digital client record systems, compatible with the HL7 FHIR data model,
deployed at various points of service, which capture transactional information during
various points in clinical care workflows.

¢ A master facility registry, compliant with the IHE mCSD Profile, which maintains
health facility data at all places of service, as well as relevant organizational or
geographic hierarchies.

e A terminology service, compliant with HL7 FHIR, which maintains standard
terminologies (e.g., LOINC, ICD 10), indicator metadata such as the codesets for
disaggregators and the mappings between them as indicator definitions change.

e A client registry, compliant with the IHE PIXm/PDQm/PMIR Profiles, that is used to
cross-reference a client as they interact at multiple points of service and contains basic
client demographic data.

e A health worker registry, compliant with HL7 FHIR/mCSD, which contains metadata
and multiple identifiers for health workers, including their deployment.

¢ A longitudinal client record, compliant with HL7 FHIR, which serves as a repository of
client information across multiple points of service.

e A CQL Engine, which computes required indicators expressed by operating on the
longitudinal client record.

23 https://www.theglobalfund.org/media/3238/Ifa_manual09sectiong_manual_en.pdf?u=636727910980000000
24 https://ecqi.healthit.gov/
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We describe three patterns that can be used for calculation of indicators from these electronic
transactional systems. The transactional systems described later in this section are primary
sources of data that can be used for indicator reporting. In LMICs, these indicators are usually
reported into a centralized Health Management Information System (HMIS).

2.3 Maturity Model for Health

This section described three progressive levels of digital health maturity. Maturity levels are
defined according to the HIS Stages of Continuous Improvement,* and HIS Interoperability
Maturity Model.?® Technical resources included in the white paper are designed around the
following three maturity scenarios for digital health systems which may be used to collect person
level data:

e Standalone/Siloed - A siloed digital health software tool using a bespoke data model
running on a low-powered and often disconnected device that requires customization to
report an indicator, or manual transcription of data.

e Integrated - A standalone digital health software tool that can share data and is locally
connected and capable of interoperable exchange of information.

e Exchanged - A connected digital health software tool operating within a functional
health information exchange that wants to contribute data to a centralized longitudinal
client record on which indicator calculations are performed, case reports are generated, or
decision support services are executed against.

In any of these scenarios certain privacy considerations should be considered. For example, in
the case that the point of service system is not within the same jurisdiction as the HMIS,
appropriate privacy and security considerations around small-sets. Small-sets are data sets which
are too small to properly anonymize, should be applied to the Minimum Data Set Message
(MDSM) and data sharing agreements should be established (see Section 2.5).%’

2.3.1 Standalone System

There are no assumptions that the transactional system leverages the HL7 FHIR data model for
an internal data store. In such cases, a business analyst will need to map their requisite subset of
the transactional systems internal data model to the FHIR data model to enable interoperability.

In the Standalone System Scenario, indicator calculations are performed directly within a
transactional system at a point of service and reported into an HMIS. For each indicator
definition, the following steps are required:
e Rewrite the indicator definition, as expressed in CQL, in terms of the software
development language and internal data model used by the transactional system.
e (Generate a valid mADX message.

25 https://www.measureevaluation.org/resources/publications/tl-19-27
26 https://www.measureevaluation.org/resources/publications/tl-17-03¢/

27 If a data set is not sufficiently large, it may be possible to identify a specific patient, e.g., an outlier in a rural
community, whereas with a large enough data set, it becomes impractical to identify a specific patient. See IHE
QRPH De-identification White Paper https://www.ihe.net/uploadedFiles/Documents/ITI/IHE ITI Handbook De-
Identification Revl.1 2014-06-06.pdf
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e Submit the mADX message to HMIS.
e Alternatively: Manually collect the data and submit via spreadsheet

This process is illustrated in Figure 2.3.1-1.

e

mADX

)

395 Figure 2.3.1-1: Direct Calculation of Indicators

Point of Service

While this process is often easy and relatively inexpensive for a software developer to perform
for a single indicator, this pattern can be very difficult to scale economically and is not
practically feasible as the number of indicators required for reporting grows and varies by
jurisdiction. There are often only a limited pool of available software developers who understand

400  the data model of a particular transactional system, and often it can be challenging to train new
developers on an existing transactional model

2.3.2 Integrated

In the Integrated Scenario, indicator calculations are performed by a third-party CQL engine
based on an MDSM reported from a point of service transaction system via HL7 FHIR resources.
405  For each indicator definition, a software developer is required to:
e Generate an MDSM message of HL7 FHIR resources from the internal data model
containing the MDS of transactional data required for calculation of the indicator.
e Submit the MDSM message to a CQL engine.

The CQL engine is responsible for performing the indicator calculation on the MDSM for
410  submission as a mADX message to the HMIS. This process is illustrated in Figure 2.3.2-1.
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FHIR mADX

Point of Service — CQL Engine —

Figure 2.3.2-1: Calculation of Indicators Using a CQL Engine on a Constrained Message

HMIS

This pattern is less resource intensive than the Direct Calculation method as a software developer
is not required for translation of the indicator definition in CQL into another programming

415 language. The needs for a software developer are potentially further reduced, as the same MDS
can be used as the basis for the calculation of several indicators.

2.3.3 Exchanged

In the Exchanged scenario, the most mature scenario, this whitepaper assumes the existence of
one or more digital client record systems, a master facility registry, a terminology service, a

420  client registry, a longitudinal client record, and a CQL Engine, which computes required
indicators expressed by operating on the longitudinal client record.

With these systems in place, it is assumed that metadata management issues are resolved by
utilizing common components within an HIE.

In the Shared Health Record (or Data Warehousing) pattern, data from potentially multiple

425  transactional systems are combined into a longitudinal record (or data warehouse) against which
indicator calculations are performed. In this pattern, the data warehousing role is played by a
FHIR Server.

FHIR

FHIR Server

Point of Service CQL Engine

Figure 2.3.3-1: Calculation of Indicators using a CQL Engine on a Shared Health record or
430 Data Warehouse
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This pattern is no more resource intensive than the MSDM pattern. It will be less intensive if the
Point of Service system already supports enough of the HL7 FHIR API that it can provide
synchronization of the required MDS to a FHIR Server. The pattern has the added advantage that
the FHIR Server can be used as a basis for non-routine reporting data analysis and case-based
surveillance.

In the case that the Point of Service system is not within the same jurisdiction of the FHIR
Server, appropriate privacy and security considerations should be applied to the FHIR message
and data sharing agreements should be established (see Section 2.4.2).

In the case that the Point of Service system is not within the same jurisdiction as the HMIS,
appropriate privacy and security considerations around “small-sets” should be applied to the
FHIR message (see Section 2.5).

2.4 Data Models And Standards

This section outlines the data models and artifacts that will be utilized in the white paper. These
include:
e HL7 FHIR Resources The underlying data models used to describe the minimum data
set that is required for the calculation of indicators.
e mADX A profile of the HL7 FHIR used for indicator reporting
e HL7 Clinical Quality Language (CQL) The query and calculation language that can be
applied to appropriate HL7 FHIR resources for the calculation of indicators.

2.41 Leveraged Standards and Profiles
Several existing standards and profiles are utilized and referenced in this white paper.

The Aggregate Data Exchange (ADX) Profile supports interoperable public health reporting of
aggregate health data, allowing for the exchange of aggregate indicators (data elements)
leveraging the Statistical Data and Metadata Exchange (SDMX) standard.?® These typically take
the form of routine reports (weekly, monthly, quarterly, etc.) from a health facility to some
administrative jurisdiction such as a health district, though there are numerous other use cases
such as international reporting and community health worker reporting.

The Mobile Aggregate Data Exchange (mADX) Profile is functionally equivalent to ADX but
expressed in terms of the HL7 FHIR data model and transactions.

The Aggregate Data Exchange HIV (ADX-HIV)% Content Profile builds off of ADX. It
addresses the problems associated with not having a common data structure across existing
systems for HIV-related aggregate data reporting for organizations such as ministries of health,
and WHO, and to health initiatives such as the U.S. President’s Emergency Plan for AIDS Relief
(PEPFAR), the Global Fund to Fight AIDS, Tuberculosis and Malaria (the Global Fund), and
UNAIDS.

28 https://ihe.net/uploadedFiles/Documents/QRPH/IHE_QRPH_Suppl ADX.pdf
29 https://www.ihe.net/uploadedFiles/Documents/QRPH/IHE_QRPH_Suppl ADX-HIV.pdf
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The Mobile Care Services Delivery (mCSD)?° Profile is leveraged by mADX and provides a
means for exchanging the identifiers and other metadata for the location of reporting such as a
health facility or geographic or organizational unit.

The Sharing Valuesets and Codes and Maps (SVCM)?! specification is leveraged by mADX and
provides the means of sharing value sets that are used for disaggregation of indicator data.

The HL7 Clinical Quality Language (CQL) is an authoring language standard focused on clinical
quality and targeted at measure and decision support artifact authors. The language provides a
way to express logic that is human readable, while still being structured enough for processing a
query electronically. It supports the effort to harmonize standards used for electronic Clinical
Quality Measures (eCQMs)>? and clinical decision support (CDS), allowing logic to be shared
between measures and with decision support. Note that this whitepaper does not explicitly
consider CDS, though many of these tools may be used for CDS use cases.

Finally, guidance on security and privacy concerns are further addressed in the Analysis of
Optimal De-Identification Algorithms for Family Planning Data Elements (IHE ITI Handbook)
and Using IHE profiles for Healthcare - Secondary Data Access White Paper.>?

2.4.2 Data Sharing Specification

The architectural patterns described in Section 2.3 may be applied within a jurisdiction or across
multiple jurisdictions. Examples of common cross-jurisdictional exchange of indicators includes:
e Reporting of national indicators to regional health agencies such as the West African
Health Organization, East African Health Research Commission, or Africa Centres for
Disease Control and Prevention; and

e Reporting of national indicators to global donors such as PEPFAR, the Global Fund, and
Gavi, the Vaccine Alliance.

Data sharing agreements are formal contracts between two or more parties, which include clearly
documenting what data are being shared and how data may be used. In addition, the applicable
laws of the jurisdiction that must be followed, agreements further define privacy, security, and
confidentiality responsibilities of the parties, including policies and procedures. Examples of
topics typically defined in agreements include: the period of the agreement, intended use of the
data and limitations for its use, individuals’ rights and confidentiality of participants’ data, data
security safeguards, operating policies and procedures, enforcement, and breach-handling
procedures. An informative example of an agreement is the Data Use and Reciprocal Support
Agreement (DURSA), in use in the United States.>*

30 https://wiki.ihe net/index.php/Mobile_Care Services Discovery (mCSD)

31 https://www.ihe.net/uploadedFiles/Documents/IT/IHE ITI Suppl SVCM.pdf

32 This whitepaper expands the use of CQL from just clinical quality measures to include health system, cost
efficiencies and other organizational performance measures. https://ecqi.healthit.gov/cql?qt-tabs_cql=1

33 https://www.ihe.net/uploadedFiles/Documents/ITI/IHE ITI WP_Analysis-of-DelD-Algorithms-for-FP-
Data_Elements.pdf

34 https://sequoiaproject.org/wp-content/uploads/2014/10/restatement_i_of the dursa 9.30.14_final.pdf

Rev. 1.1 -2021-12-29 18 Copyright © 2021: IHE International, Inc.
Template Rev. 1.1


https://wiki.ihe.net/index.php/Mobile_Care_Services_Discovery_(mCSD)
https://www.ihe.net/uploadedFiles/Documents/ITI/IHE_ITI_Suppl_SVCM.pdf
https://ecqi.healthit.gov/cql?qt-tabs_cql=1
https://www.ihe.net/uploadedFiles/Documents/ITI/IHE_ITI_WP_Analysis-of-DeID-Algorithms-for-FP-Data_Elements.pdf
https://www.ihe.net/uploadedFiles/Documents/ITI/IHE_ITI_WP_Analysis-of-DeID-Algorithms-for-FP-Data_Elements.pdf
https://sequoiaproject.org/wp-content/uploads/2014/10/restatement_i_of_the_dursa_9.30.14_final.pdf

500

505

510

515

IHE Quality, Research and Public Health White Paper — Extracting Indicators from Patient Level
Data

To ensure data provenance and governance, having data sharing agreements in place for these
cross-jurisdictional situations is critical. The data sharing agreement should clearly describe the
needed data for exchange, which is defined via a Data Sharing Specification in Section 2.4.2, and
provide a means to ensure privacy considerations are upheld, as described in Section 2.5.

A Data Sharing Specification (DSS) provides computable means to define:
e Inclusion and exclusion criteria for a population cohort on which indicators should be
calculated.
¢ The minimum data set required to calculate the indicator and determine the
inclusion/exclusion criteria in terms of HL7 FHIR resources.
e The calculations required for the numerator and denominator of an indicator,
expressed using CQL.

Section 3 of this white paper provides the narrative definitions for these components for a
number of examples and Appendix A provides the computable definitions.

The computable version of the DSS (detailed below in Section 2.4.2.1) is specified in terms of an
HL7 FHIR Measure according to the non-normative conventions described in Table 2.4.2-1
which are reflective of the intended usage of the DSS. In addition to providing a format to share
the computable definitions of the DSS, the FHIR Measure resource can be used to handle
additional metadata needed, for example, to track the authorship and variation of the indicators
over time. Examples of FHIR instances of a DSS can be found in Appendix A.3 DSS Examples
as a FHIR Resource.

Table 2.4.2-1: Measure Data element Table

FHIR R4 Measure
Data Elements

Description

group|].population[]
.criteria

Contains a reference to a defined population in the CQL library attached to the measure.

group|].population[]
.criteria.language

Should be “text/cql”

group|].population[]
.criteria.expression

The name of a defined population in the attached CQL Library which applies the inclusion-
exclusion criteria for this indicator.

group(].stratifier([]
.component][].criteria

An expression (valueset) defined in the attached CQL Library.

library[] Contains a single Library resource, which is a library of CQL definitions for indicator
calculation and inclusion-exclusion criteria as well as a computable definition of the MDS.
library.description A narrative description of the DSS.

library[]. type.coding[]

The "system" should be set to "http://terminology.hl7.org/CodeSystem/library-type" and "code"
should be set to "logic-library".

library.[].content[]

The "contentType" should be set to "text/cql" and "data" should contain the base64 encoding of
CQL library which contains:
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e the numerator of the indicator definition
e the denominator of the indicator definition

e the definition of the population for the inclusion-exclusion criteria as indicated by
group|].population.criteria.expression|]

library[] Defines the Minimum Data Set required to be sent from a Point of Service system in order to
.dataRequirement([] calculate the indicator and determine if the specified inclusion-exclusion criteria apply. This is a
list of Structure Definitions, one for each of the FHIR resources needed in the MDS (e.g.,
Observation or Encounter).

Note: The MDS includes all data elements required for evaluating the inclusion and exclusion criteria.

2.4.2.1 Data Sharing Specification Intake

Table 2.4.2.1-1 below is a framework for a Data Sharing Specification (DSS). A DSS can be
used to establish the minimum data requirements for an indicator, and may prove valuable during
a requirements gathering exercise. It provides a helpful framework for indicator creators to create
and share those indicators with implementers.

A DSS can be created from a WHO Digital Adaptation Kit (DAKSs) or on its own. WHO DAKSs
provide structured data elements for reporting which can be translated into an indicator, and may
even provide some example indicators that could be collected. Implementers can readily use
these or translate them and add necessary details using the DSS. For example an implementer
may wish to include the specific FHIR elements to be captured with standardized terminology,
and those can be readily represented in the DSS in addition to a CQL statement to retrieve that
data and construct the measure. This provides an additional layer of clarity to implementers
looking to operationalize the indicator as they will be able to readily see all the requirements
necessary to calculate that specific indicator. This approach can be especially helpful when
creating a FHIR Measure, as it allows implementers to clearly specify the requirements. Example
DSSs may be found in Section 3. Use Cases.

Table 2.4.2.1-1: A Data Sharing Specification Table

Element Description
Author: Individuals and/or organizations responsible for creating and updating the DSS.
Identifier: Author’s identifier for the DSS
Name: Fully specified name of the DSS.
Background: A narrative explaining the DSS in further detail.
Population Parameters and constraints of a population cohort on which indicators will be calculated. It includes data
Cobhort: to be included and/or excluded in order to meet the DSS, expressed in terms of FHIR Resources.

Minimum Data | Includes enumerated FHIR Resources and data fields expected in the returned message. It specifies data
Set: required for the population cohort to calculate the indicator and determine the inclusion/exclusion criteria.
Specified as a FHIR profile. Appropriate privacy and security considerations should apply.

For Each For each indicator a Background, Numerator, and Denominator should be defined.
Indicator:
Rev. 1.1 -2021-12-29 20 Copyright © 2021: IHE International, Inc.
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Element Description
Background: Narrative description of indicator.
Numerator Narrative description of numerator.
Definition:
Denominator Narrative description of denominator.
Definition:
Version: Value that denotes the version of the DSS. Versions less than 1.0 imply a DSS pre-release. Uses semantic
versioning.
Signature: Digital signature providing provenance of authorship. (Optional)
Location: URL where this DSS can be found.
Change Log: A running log of changes to the DSS such as one of its indicators.
Example:
e  ver-0.0.1: initial commit of the template. Feb-1-2019.
e ver-0.0.2 : fixed formatting of indicator.

2.4.3 Minimum Data Set Message

A Minimum Data Set Message (MDSM) is used in the architectural pattern defined in Section
2.3.3.2 in which only the minimum data set needed to calculate an indicator (or related set of
indicators) is communicated by a point of service system to a CQL Engine, a service which
calculates the requisite indicator(s) using appropriate CQL statements as defined by a DSS.
Example CQL and Library files can be found in Appendices A.1 and A.2 respectively. The data
fields required in an MDSM are defined in a DSS.

This white paper does not specify a normative standard for the MDSM message, the HL7 FHIR
data model and associated API provide sufficient means to do so. For example a point of service
system generating an HL7 FHIR Bundle of resources which contain the required data fields for a
client that is sent to the CQL Engine using the HL7 FHIR Messaging standard.? See Appendix
A 4 for an example.

2.4.4 FHIR Structured Data Capture

FHIR Structured Data Capture (SDC) can be leveraged to standardize the forms used to input
data. This data can be transformed automatically into FHIR resources to be analyzed by the types
of measures described in this paper. Identifying data for its full lifecycle, from capture to
analytics, can lead to higher quality data and more opportunities for data analysis. Each FHIR
SDC form is represented as a Questionnaire, data is captured in the QuestionnaireResponse, then
is converted to the appropriate resources.

35 https://www.hl7.org/thir/messaging.html
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Questionnaire | Questionnaire X Bundle of
Response Resources

\
A

Figure 2.4.4-1: FHIR SDC Conversion to FHIR Resources

SDC offers three (3) types of data extraction: Observation-based, Definition-based, and
StructureMap. Observation-based converts all questions and answers to Observations.
Definition-based means that a specific resource is to be written to, for example a question may
be about a procedure and therefore should be represented as a Procedure resource.>¢
StructureMap is the most complex way to extract resources from an SDC
QuestionnaireResponse, but it allows for very complex mapping based on codes to be used in
order to create a new set of resources.>’

Definition-based extraction is the preferred data extraction technique due to its semantic
accuracy. Questionnaires often contain data that should be captured in other resources than
Observations. The Questionnaire can specify Questionnaire.item.definition, which defines the
resource the data should be written to. However, StructureMap offers several advantages in
terms of its flexible approach and lower maintenance burden in the future compared to
Definition-based extraction.

SDC can be used to ensure that semantically accurate data has been created from a point of
service to when it is utilized by a Measure. Implementation Guide Authors can create
Questionnaires that allow implementers to capture data that will match the Measures, thereby
reducing the effort to create a custom Questionnaire or other data entry form.

2.5 Privacy and Security

In an implementation, a number of security and privacy considerations may apply. The
International Organization for Standardization (ISO) defines principles and services required to
support the communication and use of health information across policy domain boundaries
relevant to this section within ISO 22600 Health informatics — Privilege management and
access control.>® The multipart standard includes the following three parts:
e An overview and policy management, which includes scenarios and critical parameters
for information exchange across policy domains.
e Formal models, which includes an explanation of architectures and underlying models for
privilege management and access control for secure information sharing.
e Implementations, which includes examples of implementable specifications of
application security services and infrastructural services.

36 http://build.fhir.org/ig/HL7/sdc/extraction.html#definition-extract
37 http://build.fhir.org/ig/HL7/sdc/extraction.html#map-extract
38 https://www.iso.org/obp/ui/#iso:std:is0:22600:-3:ed-1:v1:en
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The scope of the data reporting in this white paper may or may not include the transmission of
identifiable, person-centric data to new secondary parties. In this case, it is recommended that
appropriate security mechanisms, such as the ITI Audit Trail and Node Authentication (ATNA)
Profile be utilized.

Even with aggregate data, implementers must be sensitive to the possibility of approximate
personal identification arising from aggregate data derived from small population sets. Transport
of such data should be safeguarded according to jurisdictional guidelines and the IHE IT
Infrastructure Handbook — De-Identification should be referenced for these protections.

This document is not focused on other specific privacy and security requirements (e.g., patient’s
consent management and access control systems and policies) of the underlying transactional
systems as these are often dictated by a given jurisdiction. However, this white paper does
consider cases in which transactional data are shared between two parties. In this case, the source
system may wish to only transmit de-identified transactional data.

Rev. 1.1 -2021-12-29 23 Copyright © 2021: IHE International, Inc.
Template Rev. 1.1



600

605

610

615

620

625

630

635

IHE Quality, Research and Public Health White Paper — Extracting Indicators from Patient Level
Data

3 Use Cases

This section provides the content needed for a Data Sharing Specification, as described in
Section 2.4.2, which includes narrative descriptions of the inclusion-exclusion criteria for a
population cohort, a minimum data set of transactional data required, and the indicator
definitions. The use cases below do not assume the maturity model of the implementation,
however siloed, and integrated models may require more additional manual work in order
exchange this kind of M&E data, than an exchanged model. This section is intended to provide
an example for business analysts of the level of information needed to define indicators

Appendix A contains technical resources for each of these uses cases geared for engineers and
software developers.

3.1 HIV

While person-level data has long been desired for M&E, it is now needed in order to monitor
changes and achieve epidemic control. Organizations and countries are working towards the 95-
95-95 goal for ending the AIDS epidemic by 2030, which is for 95% of people living with HIV
to know their HIV status, 95% of those living with HIV on treatment and 95% of those on
treatment are virally suppressed.

This use case describes reporting of both person-level and aggregate data from systems with
person-level data, such as EMR systems, to an aggregate data system such as a national HMIS.

The development of person-level metrics across jurisdictions is important to supporting patient-
centered outcome measurement. A use case example may be found, for example, in the global
HIV 95-95-95 initiative. This initiative aims to track three crucial metrics:
1. that 95% of those persons living with HIV will have been tested, and will know their
status; and
2. 95% of those who are HIV positive will be on anti-retroviral (ARV) medications; and
3. 95% of those on ARV will be virally suppressed.>’

Presently, multiple information systems are used to monitor progress towards achieving
epidemic control and the 95-95-95 global goals.

Tracking the “third 95 requires that an individual person’s arc of care can be monitored to
measure whether or not they are continuing with their course of ARVs and, if they are, whether
or not their lab tests indicate they are virally suppressed.

In practice, the data elements and disaggregations used for reporting HIV care and treatment
indicators are dependent on the organization or jurisdiction publishing them. We give three
examples of DSS that can be used to calculate indicators across the clinical cascade:

e DSS: HIV Known first 95, one indicator

e DSS: On ART and not in other groups second 95, two indicators

e DSS: HIV Suppression third 95, one indicator

39 http://www.unaids.org/sites/default/files/media_asset/JC2686_WAD2014report_en.pdf
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3.1.1 Inclusion Exclusion Criteria

DSS: HIV Known
e Number of people who have been tested for HIV and received their test results.
e Patients with a condition updated in the reporting period should be included. All patients
not excluded with an encounter of testing & counseling in the reporting period should be
included.

DSS: On ART
e A Patient resource is considered in the cohort of analysis if they are HIV+. This is
determined by the patient.

DSS: HIV Suppression
e A Patient resource is considered in the cohort of analysis if they are HIV+. This is
determined by the patient having the appropriate diagnosis.
e This use case calculates epidemic control monitoring indicators on a cohort of patients
who are HIV+ and have been on ART for at least three months over the last 12 months.

3.1.2 Minimum Data Set

DSS: HIV Known
e For patients included, all of the testing & counseling encounters in the reporting period
should be returned. The encounter effective date should also be included.

DSS: On ART
e For patients included, all of the observation resources within the last twelve months
should be included in the bundle for a valid.

DSS: HIV Suppression
e Viral load test results for people living with HIV should be included for those with over
six months on ART.

3.1.3 Indicator Definitions

The Data Structure Specifications for HIV are defined below are based on the latest guidance
from the WHO. The eCQM provides a more detailed and complete example of how indicators
can be structured as a DSS-like format.*’ The eCQMs also make available some FHIR resources
on their site which are similar to the artifacts described in this example.*!

DSS: HIV Known
e Number of individuals who received HIV Testing Services (HTS) and received their test
results The HTS TST indicator reports the number of people who have been tested for
HIV during the reporting period and who know their status. It is expressed as a number;
there is a numerator but no denominator. It can be disaggregated by age group, gender,
HIV test result, key populations, TB status, and testing entry point.

40 https://ecqi.healthit.cov/sites/default/files/ecqm/measures/CMS349v4.html
41 https://ecqi.healthit.gov/ecqm/ep/2022/cms349v42qt-tabs_measure=0
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DSS: Initiated ART
e Number of people living with HIV who initiated antiretroviral therapy (ART)
e Reports the number of HIV positive persons who were newly started on ART during the
reporting period. It is expressed as a number; there is a numerator but no denominator.
The data element is disaggregated by age group, gender, key populations, and other
priority populations.

DSS: On ART

e Proportion of people living with HIV who are receiving antiretroviral therapy (ART)

e Reports the proportion of people living with HIV who are receiving ART. It is expressed
as a percentage. The numerator is the number of people living with HIV currently
receiving ART at the end of the reporting period. The denominator is the estimated total
number of people living with HIV. Generally, this denominator is not generated from
individual health facilities, but it is estimated using modelling estimates such as Spectrum
AIM. The data element is disaggregated by age group, gender, and key populations.

DSS: HIV Suppression

e Proportion of people living with HIV and on ART who are virologically suppressed This
indicator reports the proportion of patients on ART with a viral load result documented
within the past 12 months with a suppressed viral load. It is expressed as a percentage.
The numerator is the number of people living with HIV and on ART who have a
suppressed viral load (<1000 copies/mL) recorded in the reporting period. The
denominator is the number of people number of people living with HIV and on ART who
have a viral load result in the reporting period.

3.1.4 Data Sharing Specification

This section contains a DSS Intake Template for two DSS. Appendix A.1.1 contains a CQL
Library which is referenced by the DSS. Example of the Measure resources defining the DSS is
provided in Appendix A.1.2. A sample Minimum Data Set Message is provided in A.1.3.

Element Description
Author: IHE QRPH - Planning Committee 2021
Identifier: DRAFT-WHO-FIRST-95
Name: HIV first-95
Background: One indicator from the WHO Consolidated HIV Strategic Information Guidelines is defined for the first

step of the 95-95-95 clinical cascade: People living with HIV who know their HIV Status.

The indicator is drawn from the WHO HIV Digital Adaptation Kit [1] which aligns HIV indicators
across the following jurisdictions and agencies.

(1]

Initial Population: | Number of people living with HIV who have been tested and know their HIV status
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Element Description

Minimum Data Patient
Set: All Patient resources meeting the inclusion/exclusion criteria are sent in the Bundle.

Minimum fields needed for analysis include:
Patient

* identifier.

* gender.

* birthDate.

* deceased.

Condition

Minimum fields needed for analysis include:
* Condition.code

* Condition.recordedDate

Minimum fields needed for analysis include:
* Encounter.location
* Encounter.effectiveDateTime

For each Indicator:

Background: This indicator reports the number of people who have been tested for HIV during the reporting period
and who know their status. It is expressed as a number; there is a numerator but no denominator.

It can be disaggregated by age group, gender, and key populations.

Numerator CQL Statement (for examples see Appendix A 1.1)

Definition:

Denominator N/A

Definition:

Version: 0.0.1

Signature: URL where this DSS can be found.

Location: * ver-0.0.1 :first draft based on Feb 1, 2019 conference in DC

Change Log: A running log of changes to the DSS such as one of its indicators
Example:

* ver-0.0.1 : initial commit of the template. [Date]

Element Description
Author: ITHE QRPH - Technical Committee 2021
Identifier: DRAFT-WHO-Second-95
Name: HIV 2nd & 3rd-95
Rev. 1.1 —2021-12-29 27 Copyright © 2021: THE International, Inc.
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Element Description

Background: Calculates epidemic control monitoring indicators on a cohort of patients who are HIV positive and have
been on ART for at least six months.

Initial A Patient resource is considered in the cohort of analysis if they are HIV Positive and on antiretroviral
Population: therapy. The constraint(s) on associated resources are given below.
Condition

The Patient should have an associated Condition resource that indicates that the patient is HIV Positive

Minimum Patient
Data Set All Patient resources meeting the inclusion/exclusion criteria are sent in Bundle

Minimum fields needed for analysis include:

* identifier: an identifier for the patient. sender is responsible for anonymizing it appropriately.
* gender:

* birthDate:

Condition

The Condition resource should be included in the bundle if Condition.code is within the value set for “HIV
status” = “HIV Positive”

Minimum fields needed for analysis include:
* Condition.code

* Condition.recordedDate

Observation

All Observation resources should be included in the bundle if Observation.code within the set of valid
LOINC codes for viral load calculations (25836-8) and if they were tested in the reporting period.

Minimum fields needed for analysis include:
* Observation.code

* Observation.subject

* Observation.effective.effectiveDateTime

* Observation.value[]

* Observation.encounter.location

MedicationStatement

All MedicationStatement resources should be included in the bundle if the inclusion/exclusion criteria is
met.

* MedicationStatement.medication.medicationCodeableConcept within
Already on ART and New on ART:
* MedicationStatement.effective.effectiveDateTime

For Each Indicator:
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Element Description

Background: This indicator reports the proportion of people living with HIV who are receiving ART. It is expressed as a
percentage. The numerator is the number of people living with HIV currently receiving ART during the
reporting period. The denominator is the estimated total number of people living with HIV. Generally, this
denominator is not generated from individual health facilities but it is estimated using modelling estimates
such as Spectrum AIM.
It can be disaggregated by age group, and by sex.

Numerator CQL Statement (for examples see Appendix A 1.1)

Definition:

Denominator | CQL Statement (for examples see Appendix A 1.1)

Definition

Background: This indicator reports the proportion of patients on ART with a viral load result documented within the past
12 months with a suppressed viral load. It is expressed as a percentage. The numerator is the number of
people living with HIV and on ART who have a suppressed viral load (<1000 copies/mL) documented
within the past 12 months. The denominator is the number of people living with HIV and on ART who have
a viral load result documented in the past 12 months.
They are disaggregated by age group, gender, and key populations.

Numerator Use "Living with HIV and on ART with suppressed viral load results (<1000 copies/mL)" as defined in

Definition: Appendix A.1.1

Denominator | Cannot be calculated from the data in a digital client record.

Definition

Version: 0.0.1

Location: URL where this DSS can be found.

Change Log: * ver-0.0.1

3.1.5 Discussion

A number of programmatic questions were identified during the development of this white paper,
which require clarification or decisions from HIV technical experts, based on reporting needs.
These included:

e To calculate the indicator as a proportion requires an estimate of the people living with
HIV for the location to be used as the denominator, which is not discussed here.

e Data may be incomplete, such as in the event that the submitted code set cannot be
completely constructed from the Point of Service system. As an example, EMR systems
may not record specific monitoring data that Point of Service systems are required to
report on, such as pregnancy status for HIV positive women. It may be necessary to join
data, from external sets if available, in order to rectify these gaps. In this example, a value
set could be created for the monitoring organization (e.g., PEPFAR). Select logic ‘if no
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record exists with a SNOMED®* code, use the external entity’s code for pregnancy
status (PRG) and return its value, if it exists.

3.2 Immunization

In the first 18 months of a child’s life, it is common for a country’s immunization schedule to
include 15 or more scheduled vaccine doses. Even with an EMR or electronic immunization
registry of a single child’s vaccination history, matching a child’s record against the country’s
immunization schedule, as well as factoring in the child’s age, is a complex task. However, these
checks are needed at the child level to tell how many children have been fully vaccinated, as
opposed to only looking at the number of doses delivered. Other high quality data collection
methods may be used, such as Demographic and Health Surveys (DHS). However, data from
these other sources have significant limitations, including timeliness, the data are not routinely
collected, and the process is highly resource intensive.

Countries have different definitions of when a child is counted as a defaulter (e.g., considered a
defaulter after three days).

An example DSS is provided in Appendix A.2 for the indicator(s) described below.

The number of individuals in the target group for each vaccine that has received the last
recommended dose in the basic series. For vaccines in the infant immunization schedule, if
coverage is measured by the administrative system it would be the birth cohort for BCG and
Hepatitis B birth dose and surviving infants for the other antigens, in countries where measles is
administered during the first year of life will be children 1223 months old.

3.2.1 Inclusion Exclusion Criteria

Data for all patients under two years old in the reporting period will be included.

3.2.2 Minimum Data Set

Data for all Immunization resources should be included in the bundle, including the status, the
date administered, the dose number, and the vaccine. Additionally, date of birth and gender will
be sent.

3.2.3 Indicators Definition

The first indicator will calculate the percentage of on-time vaccinations over the period for each
antigen.

Percentage of children under two that have received the last recommended dose of the basic
series for each vaccine recommended in the national schedule through MR2. This should include
all vaccines within a country’s routine immunization schedule.

42 SNOMED is a registered trademark of the International Health Terminology Standards Development
Organisation, all rights reserved.
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3.2.4 Data Sharing Specification

Element Description
Author: IHE QRPH - Technical Committee 2021
Identifier: DRAFT-WHO-Immunization-1
Name: Vaccines Scheduled at 18 Months
Background: Calculates number of children who have had on time vaccines under 2 years of age

Initial Population:

A Patient resource is considered in the cohort of analysis if they are 2 years of age or younger

Condition
The Patient should be 2 years of age or younger

Minimum Data Set:

Patient
All Patient resources meeting the inclusion/exclusion criteria are sent in Bundle

Minimum fields needed for analysis include:

* identifier: an identifier for the patient. sender is responsible for anonymizing it appropriately.
* gender:

* birthDate:

Minimum fields needed for analysis include:
* Immunization.vaccineCode
* Immunization.occurence

For Each Indicator:

Background:

This indicator captures all persons under 2 years of age, and which vaccines have been
administered to them.

It can be disaggregated by age group, gender, and key populations.

Numerator Definition:

Vaccines administered

Denominator Persons under 2 years of age
Definition:
Background: This indicator captures the timeliness of that vaccine according to that country’s vaccine schedule.

It can be disaggregated by age group, gender, and key populations.

Numerator Definition:

Dates vaccines administered to person

Denominator Vaccine schedule (country specific)
Definition:

Version: 0.0.1

Location: URL where this DSS can be found.
Change Log: * ver-0.0.1
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3.2.5 Discussion

Immunization indicators at the person-level require performing date calculations at the “day”
level, as opposed to the month or year. Depending on the architectural pattern, additional privacy
and security measures may be required for deidentification or other data protection.

3.3 Maternal, Newborn, and Child Health

Antenatal care can save lives by reducing the number of preventable maternal and perinatal
mortality. While the Sustainable Development Goals target a maternal mortality rate of under 70
per 100,000 births, as of 2015 the rate in LMICs was 239 deaths per 100,000 births.** To address
health inequalities, quality connections with healthcare providers through ANC visits are seen as
a way to reduce preventable maternal and perinatal mortality, as well as to improve women’s
experience of care.**

UNICEF and WHO evidence-based guidelines specify a minimum recommended number of
ANC visits and recommend the first ANC visit within the first twelve weeks of pregnancy. In
2016, the UNICEF and WHO guidelines increased the recommended number of antenatal care
visits from at least four visits to at least eight contacts (with contact implying an active
connection with the healthcare provider during the encounter). The change was made based on
evidence that eight or more visits can reduce perinatal deaths by up to eight deaths per 1000
pregnancies.®

We give three examples of DSS that can be used to calculate indicators based on the WHO ANC
Digital Adaptation Kit:*

e DSS: 1st ANC visit before 12 weeks

e DSS: At least 4 ANC visits

e DSS: At least 8 ANC visits

3.3.1 Inclusion Exclusion Criteria

DSS: 1st ANC visit before 12 weeks

A patient is considered in the cohort of analysis if there is a finding that the patient is pregnant.
This is indicated with a Condition code of pregnant.

DSS: At least 4 ANC visits and DSS: At least 8 ANC visits

A patient is considered in the cohort of analysis if there is a finding that the patient is pregnant or
the patient gave birth within the reporting period. This is indicated with a Condition code of
pregnant or a Condition code of a birth.

43 https://www.who.int/news-room/fact-sheets/detail/maternal-mortality
4 https://www.who.int/reproductivehealth/publications/maternal _perinatal health/anc-positive-pregnancy-

experience/en/
4 https://www.who.int/reproductivehealth/publications/maternal_perinatal health/anc-positive-pregnancy-

experience/en/
46 https://www.who.int/publications/i/item/9789240020306
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775  3.3.2 Minimum Data Set
DSS: 1st ANC visit before 12 weeks

For patients included, all of the Procedure resources should be included in the bundle for ANC
visits, given by SNOMED code of 18114009 for "Prenatal examination and care of mother" as
well as Condition resources for SNOMED code 169750002, which indicate the patient is

780  pregnant.

All Observation resources should also be included in the bundle that give the length of the
gestation period. This includes all child codes that specify the number of weeks of gestation, as
well as a more general code for the trimester, if that code is used.

DSS: At least 4 ANC visits and DSS: At least 8 ANC visits

785  For patients included, all of the Procedure resources should be included in the bundle for ANC
visits, given by SNOMED code of 18114009 for "Prenatal examination and care of mother" as
well as Condition resources for SNOMED code 169750002, which indicate the patient is
pregnant.

Additionally, for patients included as having given birth, all Patient and Condition resources
790  should be returned for Condition resources for births. This would include a SNOMED code of
3950001 or any codes that are children of this code.

3.3.3 Data Sharing Specification

Element Description
Author: IHE QRPH - Technical Committee 2021
Identifier: ANCINDO06
Name: Pregnant women who received counselling on danger signs (%) during at least one ANC contact
Background: This is an Antenatal care indicator of the number of women counselled on danger signs versus the
overall
Initial Population: A Patient resource is considered in the cohort of analysis if
Condition
The patient is pregnant
The patient has received danger signs counselling during an ANC contact
Minimum Data Set: Patient
All Patient resources meeting the inclusion/exclusion criteria are sent in Bundle
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Element Description

Minimum fields needed for analysis include:

* identifier: an identifier for the patient. sender is responsible for anonymizing it appropriately.
* gender:

* birthDate:

Minimum fields needed for analysis include:
* Procedure.code
* Observation.code

For Each Indicator:

Background: This indicator

It can be disaggregated by age group, gender, and key populations.

Numerator Definition: | Number of pregnant women who received counselling on danger signs

Denominator Total number of antenatal clients with a first contact
Definition

Version: 0.0.1

Location: URL where this DSS can be found.

Change Log: * ver-0.0.1

3.4 Family Planning

795  The Executive Director of the United Nations Population Fund, Dr. Natalia Kanem, stated that,
“expanding options and choices for the poorest women and adolescent girls is the most important
thing we do.” Existing Family Planning 2020 (FP2020) indicators include the percentage of
women with an unmet need for modern methods of contraception, however this is a percentage
based on total counts and does not give information about first time users or women who have

800  discontinued using contraception even though they wish to avoid pregnancy.*’ Even when there
are transactional systems in place that provide a longitudinal patient record, indicators are not
being calculated from these data. Instead indicators are calculated using data from the DHS and
other survey data.

WHO’s 2018 Global Reference List of 100 Core Health Indicators includes a family planning

805  indicator which is the proportion of women of reproductive age (aged 15—49 years) who have
their need for family planning satisfied with modern methods [SDG 3.7.1]. To calculate this
indicator requires including the unmet family planning need.

47 http://www.track20.org/pages/data_analysis/core_indicators/overview.php
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A majority of the unmet need for contraception is from women who have not used it
previously.*® Existing indicators do seek to look at the number of new or additional users for the
reporting period. However, these indicators must look at aggregates when there is not a way to
identify whether clients are in fact first time users. As a proxy for universal health coverage,
WHO has also defined an indicator for the number of clients that accept a contraceptive method
for the first time. To calculate this requires knowing the number of first time users.*

Another primary way to meet family planning demand is by providing those clients already
taking contraceptives with choices and making it possible for them to switch methods, for
example if they are experiencing side effects with their current method. The ability for clients
already using contraception to have choices and be able to switch methods is also necessary to
meet family planning demand. To track method switching and discontinuation of methods
requires having data on a client’s past use of contraceptives.

3.4.1 Inclusion Exclusion Criteria

The WHO Family Planning Digital Adaptation Kit provides some examples on how indicators
should be structured and calculated: https://www.who.int/publications/i/item/9789240029743.

DSS: New users of modern contraceptive methods
e New contraceptive users

DSS: Method switching
e A Patient is considered in the cohort of analysis if they are changing contraceptive
methods

3.4.2 Data Sharing Specification

Element Description
Author: ITHE QRPH - Technical Committee 2021
Identifier: FPINDO1
Name: Pregnant women who received counselling on danger signs (%) during at least one ANC contact
Background: This indicator calculates the number of new users using modern contraceptive methods.

https://www.who.int/publications/i/item/9789240029743.

Initial New users of modern contraceptive methods
Population:

48 Jain, A., F. Obare, S. RamaRao, and I. Askew. 2013. “Reducing unmet need by supporting women with met
need,” International Perspectives on Sexual and Reproductive Health, 39(3): 133—141. doi: 10.1363/3913313. 6
Ross, J. and J. Stover. 2013. “Use of modern contraception”

4 WHO. 2019. Analysis and Use of Health Facility Data: Core health facility indicators Working Documentxx...
Available at: https://www.who.int/healthinfo/FacilityAnalysisGuidance Indicators.pdf?ua=1
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Element Description

Minimum Data | Patient
Set: Observation

The Patient and the Observation resources would be required to calculate this indicator. The Patient
resource should capture the known data on the contraceptive user and an Observation should be used to
store if they are a new user of contraception in a coded field.

Requires:

* Patient.gender

* Patient.birthDate

Patients who have are new users of contraceptive methods captured in an Observation.
* Procedure.code: Counselling on family planning

* Observation.code: Contraceptive method at intake

* Observation.value: Method or service provided

For Each Indicator:

Background: This indicator must be disaggregated across gender, age, and method. Therefore, we require the patient
resource.

Numerator Patients using a new contraceptive method

Definition:

Denominator Patients who have received family planning counselling

Definition:

Version: 0.0.1

Location: URL where this DSS can be found.

Change Log: * ver-0.0.1

3.4.3 Discussion

Modern contraceptive methods can also be purchased at pharmacies in a number of countries
without going through a provider. In particular, adolescents may avoid health facilities in seeking
contraception. This white paper does not address contraception that is sought out anonymously
outside of health facilities.

Systems may not capture family planning method data or pregnancy intention or, when captured,
the data may not be captured in a standardized way. While this white paper does not address this
standardization, past [HE QRPH work identified family planning interoperability standards
including for standardizing data elements. These included data elements for the contraceptive
method at intake and, if no method is being used, the reason why. If these data elements were
being captured, it would be possible to calculate these indicators without longitudinal data.
However, this relies on more data needing to be captured at each visit.

3.5 Health Workforce

In order to ensure the provision of high quality care, the health system must have adequate
human resources for health which are properly trained and certified. Globally there is a deficit of
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appropriately trained workforce, and a vision to progress towards universal health coverage and
the UN Sustainable Development Goals by ensuring equitable access to health workers within
strengthened health systems.>°

In 2016, the 69th World Health Assembly adopted Resolution 69.19, Global Strategy on Human
Resources for Health: Workforce 2030. National Health Workforce Accounts (NHWA) were
developed under the direction of the World Health Organization (WHO) Health Workforce
Department to support the implementation of the Global Strategy on Human Resources for
Health: Workforce 2030.

NHWA provide for the aggregation of health workforce data for evidence-based workforce
policy decisions, labor market analysis, policy design, and the tracking and support of workforce
strengthening efforts towards universal health coverage (UHC) and the SDGs and the Global
Strategy milestones. NHWA are oriented around three crucial labor market components: the
education component, the labor force component and the component serving population health
needs.

IHE profiles for person-level aggregate data exchange are critical not only for patient-level data
but also for practitioner-level aggregated data as demonstrated by the NHWA.

NHWA Module 1

National Health Workforce Accounts are oriented around three crucial labor market components:
education, labor force, and the component serving population health needs. ‘NHWA Module 1:
Active health workforce’ stock addresses the composition and distribution of the health
workforce, including distributions by gender, cadre, geography and other factors.

In this use case, data are extracted directly from the health worker registry and represented as an
ADX summary report to be consumed by the national HMIS.

Extracting directly from the health worker registry to be consumed by the national HMIS has the
benefits of either reducing the reporting burden at the facility by replacing the manual data entry
or to supplement it by acting as a control to detect staffing anomalies. The report extracted from
the health worker registry would contain data for a single time period but for multiple health
facilities.

As an example, in Sierra Leone the two systems central to the management of the health system
are the national HMIS and the human resource system, or health worker registry (HWR). A
routine human resource report is reported by the health facility every six months. The reports
consist of counts of health worker cadres working at the facility (number of doctors, nurses,
community health workers etc.). There is an additional disaggregation on all report rows which
indicates the salaried status of the employee.

This use case calculates indicators 1-01, 1-02, 1-03, and 1-04 for the National Health Workforce
Accounts Module 1 according to the WHO standard as directed in the NHWA Handbook. !

30 https://www.who.int/hrh/resources/pub_globstrathrh-2030/en/
31 https://www.who.int/hrh/statistics/nhwa/en/
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Depending on need, the indicators can be calculated for existing workforce density or for
retrospective density (e.g., specific years or months). 2.5.2.1.2.1 Inclusion Exclusion narrative

NHWA 1-01 Density of Health Workers per 10 000 population are the number of health workers
defined in headcounts divided by the total population. The indicator should be disaggregated by
occupation and by occupation and activity level.

NHWA 1-02 Density of active health workers per 10 000 population at the subnational level are
the number of active health workers at subnational administrative units, defined in headcounts,
divided by the total population at subnational level. Disaggregation is by occupation.

NHWA 1-03 Percentage of active health workers in different age groups are the number of
active health workers in a specific age group (> 25, 25-34, 35-44, 45-54, 55-64, < 65) divided
by the total number of active health workers, defined in headcounts. Disaggregation is by
occupation.

NHWA 1-04 Percentage of female health workers in active health workforce are the number of
active female health workers divided by the total number of active male and female health
workers, defined in headcounts. Disaggregation is by occupation.

Health workers are defined using International Standard Classification of Occupations (ISCO)
classification codes as noted in WHO guidance.>? A health worker is also included in the cohort
depending on the time period that the analysis will target.

3.5.1 Data Sharing Specification

The following DSS demonstrates how one might be created for NHWA 1-04:

Element Description
Author: WHO
Identifier: NHWA 1-04
Name: Percentage (%) of female health workers in active health workforce
Background: Percentage (%) of female health workers in active health workforce are the number of active female health

workers divided by the total number of active male and female health workers, defined in headcounts.
Disaggregation is by occupation.

Initial Practitioners who are female in the health workforce.
Population:

Minimum Data | All Practitioner resources meeting the inclusion/exclusion criteria are sent in a Bundle.
Set: Minimum fields needed for analysis include:

32 https://www.who.int/hrh/statistics/workforce_statistics/en/
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Element Description

* Practitioner.identifier: an identifier for the Practitioner. Sender is responsible for anonymizing it
appropriately.

* Practitioner.gender

* Practitioner.birthDate

The Practitioner's Role Resource gives information on present and former roles.

There is a potential many-to-one relationship as a Practitioner MAY have more than one Role.
Requires:

* Practitioner: For identification with Practitioner. If identifiers in both resources on anonymized it
requires they are in agreement.

* Practitioner.code: Code for the PractitionerRole. Health workers are defined by ISCO codes adapted to
the health workforce.

* Practitioner.location: Required for subnational analysis.
* Practitioner.period
On classification: https://www.who.int/hrh/statistics/workforce_statistics/en/

The Practitioner's Role Resource gives information on present and former roles. There is a potential many-
to-one relationship as a Practitioner MAY have more than one Role.

Requires:
* PractitionerRole.practitioner: For identification with Practitioner. If identifiers in both resources on
anonymized it requires they are in agreement.

* PractitionerRole.period: Dates of activity for the Role if necessary for inclusion/exclusion.
Practitioner.gender
Location.type

For Each Indicator:

Background: This indicator must be disaggregated across age, location, and role (occupation)
Numerator Number of health care workers who are female.

Definition:

Denominator Number of active health care workers

Definition:

Version: 0.0.1

Location: URL where this DSS can be found.

Change Log: * ver-0.0.1

3.5.2 Discussion

Calculating the available health workforce may be an essential piece of data for many health
systems and has significant utility when working with other indicators. Making this data

905 available can inform capacity planning in many low resource contexts. It can also be aligned
with other indicators such as the ones described in this white paper.

Calculating these types of indicators benefits from registries of health workers such as those
described in the Mobile Care Services Discovery (mCSD) Profile also mentioned in this paper. A
FHIR enabled registry such as this could provide valuable data for indicator calculation and

910 allow stakeholders the ability to make informed decisions about health service delivery.
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3.6 COVID-19

The COVID-19 pandemic highlighted how electronic Case Reporting (¢CR), the automated
generation and transmission of case reports from EHRs, can speed response and analysis to the
pandemic.>? This removal of manual steps to collect and store data can increase effective
pandemic responses and outbreak management.

eCR effectively automates the reporting steps required to send a report, then the approach of this
paper for person-level reporting can be used to conduct analysis, by defining the requirements
for measurement of the eCR data.>* Utilizing eCR in conjunction with the approach outlined
with this paper has the potential to create an end-to-end automation of data capture to indicator
reporting.

3.6.1 Data Sharing Specification Intake

The following DSS demonstrates how one might be created for CDC Patient Impact and Hospital
Capacity based on a FHIR Measure from the HL7 Situational Awareness for Novel Epidemic
Response (SANER) Working Group:>®

Element Description
Author: HL7 — Situational Awareness for Novel Epidemic Response (SANER) Working Group
Identifier: measure-CDCPatientimpactAndHospitalCapacity
Name: CDC Patient Impact and Hospital Capacity
Background: Demonstrates reporting on ventilator availability and use at a facility location based on CDC/NHSN

reporting requirements.

Initial Population: Patients and ventilators counts
Minimum Data All Patient resources meeting the inclusion/exclusion criteria are sent in a Bundle.
Set: Minimum fields needed for analysis include:

53 https://www.cdc.gov/coronavirus/2019-ncov/hep/electronic-case-reporting.html
54 https://www.ama-assn.org/delivering-care/public-health/why-it-s-essential-improve-data-collection-and-reporting
55 http://hl7.org/thir/uv/saner/STU 1 /Measure-CDCPatientimpactAndHospital Capacity.html
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Element Description

* Patient.identifier
* Condition.code where that code is COVID-19 related

The Encounter resource gives information on when patients entered the hospital for treatment for
COVID and determining in patient or out patient status.

Requires:

* Encounter.status

* Encounter.class

* Encounter.type

* Encounter.serviceType

Device resources are required to identify ventilator use
* Device.status

* Device.statusReason

* Device.type

For Each Indicator:

Background:

Numerator

Definition: Number of Patients

Denominator

Definition: Number of functioning ventilators
Version: 0.0.1

Location: URL where this DSS can be found.
Change Log: * ver-0.0.1

925

3.6.2 Discussion

The approaches outlined in this paper can be applied to COVID-19 and used to effectively

respond to future pandemics or even smaller outbreaks. It is arguably a critical piece of digital

health infrastructure to ensure that public health agencies around the world can utilize accurate
930  data quickly.
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4 Conclusion

The aim of this paper is to provide guidance on reducing the reporting effort of indicators by
describing how, through the use of standardized technology, data for these indicators can be
automatically extracted from the patient record instead of manually collected and synthesized.
This automation could potentially assist in reducing the reporting burden to the multiple levels of
stakeholders, and allow health workers to focus more on treatment and less on reporting. IHE
Profiles, FHIR, CQL, and other HL7 standards could help enable this kind of simpler reporting
and standardize how aggregated indicators are collected and calculated. By creating statements
which are machine readable and calculable, the reporting burden could be reduced to focus on
clinical care.

The Data Sharing Specification and methodology outlined in this paper provide a framework for
how this might be done in the future. As discussed, translating DAKs into DSS and making them
more readily implementable and simpler to digest with concise information about the specific
indicators. DAKs provide significant value in their terminology mapping and indicator
definitions, but do not explicitly tie all potential standards required to consistently extract those
indicators. The use cases provide examples of how this standardization could benefit
implementations, and reusability of data and indicators to reduce the reporting burden on health
workers, particularly those in LMICs.
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Appendix A — Data Sharing Specifications and Example FHIR Artifacts

A.1 CQL File Example

The CQL Library in Figure A.1-1 is an example extracted from an HL7 FHIR Library resource
example at https://www.hl7.org/thir/library-hiv-indicators.html. This library should be defined in
terms of HL7 FHIR Library Resources as in Figure A.2-1 (and made available in this example at
http://ohie.org/Library/hiv-indicators). This library should also be referenced by the two DSSs
described in 3.1 for HIV via DSS Intake Forms as in Section 3.1.4.

WARNING: This is provided as example and has not been validated against the
requirements described in Section 3.1.

library HIV Indicators version '0.0.0"'

/*

The content in this library is draft content developed as part of a working
OpenHIE

session on the use of FHIR quality reporting functionality to report public
health

indicators: https://wiki.ihe.net/index.php/Aggregate Data Exchange - HIV

*/

using FHIR version '3.0.0'

// SNOMED-CT, International Edition
codesystem "SNOMED-CT": 'http://snomed.info/sct/900000000000207008"'

// LOINC, 2.63+

codesystem "LOINC": 'http://loinc.org'

codesystem "ISO0-8601-Derived Periods": 'http://ohie.org/ValueSet/iso-8601-
derived-periods' // { 'POY--P1lY', 'P1Y--P5Y', ... }

codesystem "PMTCT HIV Status Codes": 'TBD' // { 'known-positive', 'newly-
identified-positive', 'newly-identified-negative' }

codesystem "PMTCT ART Status Codes": 'TBD' // { 'already-on-art', 'new-on-
art' }

valueset "HIV Testing Services": 'TBD' // Should use HIV tests

valueset "Viral Load Test": 'TBD'

valueset "HL7 Administrative Gender":
'http://hl7.0org/fhir/ValueSet/administrative-gender'

valueset "ART Medications": 'TBD' // ART medications
valueset "Antenatal Care": 'TBD' // Antenatal Care
valueset "Delivery Procedures": 'urn:0id:2.16.840.1.113762.1.4.1045.59"' //

Used by CMS113
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valueset "Human Immunodeficiency Virus (HIV) Laboratory Test Codes (Ab and
Ag)": 'urn:0id:2.16.840.1.113762.1.4.1056.50" // Used by CMS349

//. HIV Test Results

code "HIV Negative": code '165815009' from "SNOMED-CT" display 'HIV
Negative'

code "HIV Positive": code '165816005' from "SNOMED-CT" display 'HIV
Positive'

code "HIV 1 and 2 tests - Meaningful Use set": '75622-1'" from "LOINC"
display 'HIV 1 and 2 tests - Meaningful Use set' // Used by CMS349

// History of ART Therapy
code "History of antiretroviral therapy (situation)™: '432101000124108' from
"SNOMED-CT" display 'History of antiretroviral therapy (situation)'

// Age Groups

code "POY--PlY": code 'POY--P1lY' from "ISO-8601-Derived Periods" display '<
1 year'

code "P1Y--P5Y": code 'PlY--P5Y' from "ISO-8601-Derived Periods" display 'l-
4 years'

code "P5Y--P10Y": code 'P5Y--P10Y' from "ISO-860l1-Derived Periods" display
'5-9 year'

code "P10Y--P15Y": code 'P10Y--P15Y' from "ISO-8601-Derived Periods" display
'10-14 year'

code "P15Y--P20Y": code 'P1l5Y--P20Y' from "ISO-8601-Derived Periods" display
'15-19 year'

code "P20Y--P25Y": code 'P20Y--P25Y' from "IS0O-8601-Derived Periods" display
'20-24 year'

code "P25Y--P30Y": code 'P25Y--P30Y' from "IS0O-8601-Derived Periods" display
'25-29 year'

code "P30Y--P35Y": code 'P30Y--P35Y' from "ISO-8601-Derived Periods" display
'30-34 year'

code "P35Y--P40Y": code 'P35Y--P40Y' from "IS0O-8601-Derived Periods" display
'35-39 year'

code "P40Y--P50Y": code 'P40Y--P50Y' from "ISO-8601-Derived Periods" display
'40-49 year'

code "P50Y--P9999Y": code 'P50Y--P9999Y' from "ISO-8601-Derived Periods"
display '50+ years'

// PMTCT ART status

code "Already on ART": 'already-on-art' from "PMTCT ART Status Codes"
display 'Already on ART'

code "New on ART": 'new-on-art' from "PMTCT ART Status Codes" display 'New
on ART'

// PMTCT HIV status

code "Known Positive": 'known-positive' from "PMTCT HIV Status Codes"
display 'Known Positive'
code "Newly Identified Positive": 'newly-identified-positive' from "PMTCT

HIV Status Codes" display 'Newly Identified Positive'
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code "Newly Identified Negative": 'newly-identified-negative' from "PMTCT
HIV Status Codes" display 'Newly Identified Negative'

parameter "Measurement Period" Interval<DateTime>

define "ART Therapy Observation":
["Observation": "History of antiretroviral therapy (situation)"] O
where O.status = 'final'

define "ART Therapy Condition":
["Condition": "History of antiretroviral therapy (situation)"] C
where C.verificationStatus = 'confirmed'
and C.clinicalStatus in { 'active', 'relapsed', 'well-controlled',
'poorly-controlled' 1}

define "ART Therapy Medication":
["MedicationDispense": "ART Medications"] M
where M.status = 'completed'

define "ART Dates":
("ART Therapy Observation" O return O.effectiveDateTime)
union ("ART Therapy Condition" C return C.onsetDateTime)
union ("ART Therapy Medication" M return M.whenHandedOver)

define "Date of First Evidence of ART":
Min ("ART Dates")

// PMTCT ART status
define "PMTCT ART Status":
case

when "Date of First Evidence of ART" before start of "Measurement
Period" then "Already On ART"

when "Date of First Evidence of ART" during "Measurement Period" then
"New On ART"

else null

end
//code "Already on ART": '432101000124108' from "SNOMED-CT" display 'Already
on ART'
//code "New on ART": '432101000124108*' from "SNOMED-CT" display 'New on
ART'

define "On ART":
exists ("ART Dates" D where D during "Measurement Period")
or exists (
"ART Therapy Condition" C
where Interval|[C.onsetDatetime, C.abatementDatetime] overlaps
"Measurement Period"

)

define "HIV Test Observation":
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[Observation: "Human Immunodeficiency Virus (HIV) Laboratory Test Codes

(Ab and Ag)"]
union [Observation: "HIV 1 and 2 tests - Meaningful Use set"]
) O
where O.status = 'final'

and O.value 1is not null

define "HIV Positive Observation":
"HIV Test Observation" O where O.value ~ "HIV Positive"

define "HIV Negative Observation":
"HIV Test Observation" O where O.value ~ "HIV Negative"

define "Is HIV Positive":
exists ("HIV Positive Observation")

define "Is HIV Negative":
exists ("HIV Negative Observation")

define "Date of First Evidence of HIV Status":
Min ("HIV Test Observation" O return O.effectiveDateTime)

define "Date of First Evidence of HIV Positive":
Min ("HIV Positive Observation" O return O.effectiveDateTime)

define "Date of First Evidence of HIV Negative":
Min ("HIV Negative Observation" O return O.effectiveDateTime)

// PMICT HIV Status
define "PMTCT HIV Status":
case
when "Date of First Evidence of HIV Positive" before start of
"Measurement Period" then 'Known Positive'
when "Date of First Evidence of HIV Positive" during "Measurement
Period" then 'Newly Identified Positive'
when "Date of First Evidence of HIV Negative" during "Measurement
Period" then 'Newly Identified Negative'
else null
end

//code "Known HIV positive": code '165816005**' from "SNOMED-CT" display
'Known HIV positive'

//code "Newly identified HIV Positive": code '165816005*' from "SNOMED-CT"
display 'Newly identified HIV Positive'

//code "Newly identified HIV negative": code '165815009*' from "SNOMED-CT"
display 'Newly identified HIV negative'

// QRPH_ADX ART3 N:
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// Number of adults and children currently receiving antiretroviral therapy
(ART)

// Stratifiers: AGE GROUP, SEX
define "Receiving antiretroviral therapy (ART) during measurement period":

exists ("ART Dates" D where D during "Measurement Period")

or exists (
"ART Therapy Condition" C
where Interval|[C.onsetDatetime, C.abatementDatetime] overlaps

"Measurement Period"

)

define "Year Preceding the Measurement Period":
Interval[start of "Measurement Period" - 1 year, start of "Measurement
Period")

define "Month Before the Year Preceding the Measurement Period":
Interval[start of "Year Preceding the Measurement Period" - 1 month, start
of "Year Preceding the Measurement Period")

// QRPH ADX VLS3 N:
// Number of people living with HIV and on ART who have a suppressed viral
load result (&1t;1000 copies/mL).
// Stratifiers: AGE_GROUP, SEX
define "Living with HIV and on ART with suppressed viral load result (<1000
copies/mL)":
"Is HIV Positive"
and "Receiving antiretroviral therapy (ART) during measurement period"
and exists (
"Viral Load Test Result" R
where R.effectiveDateTime during "Measurement Period"
and R.value < 1000 '{copies}/mL'

// Stratifiers

// Age Group
define "Age Group":
case

when AgeInYearsAt (start of "Measurement Period") in Interval[0O, 1) then
"POY--P1Y"

when AgeInYearsAt (start of "Measurement Period") in Interval[l, 5) then
"PlY--P5Y"

when AgeInYearsAt (start of "Measurement Period") in Interval[5, 10) then
"P5Y--P10Y"

when AgeInYearsAt (start of "Measurement Period") in Interval[10, 15)
then "P10Y--P15Y"

when AgeInYearsAt (start of "Measurement Period") in Interval[l5, 20)
then "P15Y--P20Y"

when AgeInYearsAt (start of "Measurement Period") in Interval[20, 25)
then "P20Y--P25Y"
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when AgeInYearsAt (start of "Measurement Period") in Interval[25, 30)
then "P25Y--P30Y"

when AgeInYearsAt (start of "Measurement Period") in Interval[30, 35)
then "P30Y--P35Y"

when AgeInYearsAt (start of "Measurement Period") in Interval([35, 40)
then "P35Y--P40Y"

when AgeInYearsAt (start of "Measurement Period") in Interval[40, 50)
then "P40Y--P50Y"

when AgeInYearsAt (start of "Measurement Period") in Interval[50, null]
then "P50Y--P9999Y"

else null

end

// Sex
define "Sex": Patient.gender

// HIV Test Results
define "HIV Test Results":
case
when "Is HIV Positive" then "HIV Positive"
when "Is HIV Negative" then "HIV Negative"
else null
end

Figure A.1-1: CQL File for HIV Examples

A.2 Example Library File

An example FHIR Library Resource for the CQL File in A.1-1. This file can be used to share the
file through a FHIR API.

{

"resourceType": "Library",
"id": "hiv-indicators",
"text": {

"status": "generated",

"div": "<div xmlns=\"http://www.w3.0rg/1999/xhtml\"><p><b>Generated Narrative with
Details</b></p><p><b>1d</b>: hiv-indicators</p><p><b>url</b>:
<b>http://ohie.org/Library/hiv-indicators</b></p><p><b>identifier</b>: hiv-
indicators</p><p><b>version</b>: 0.0.0</p><p><b>title</b>: HIV
Indicators</p><p><b>status</b>: draft</p><p><b>experimental</b>:
true</p><p><b>type</b>: Logic Library <span>(Details :
{http://terminology.hl7.org/CodeSystem/library-type code 'logic-library' = 'Logic Library',
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given as 'Logic Library'} )</span></p><p><b>date</b>:
03/08/2018</p><p><b>description</b>: HIV Indicators Reporting
Example</p><p><b>relatedArtifact</b>: </p><p><b>content</b>: </p></div>"

s
"url": "http://ohie.org/Library/hiv-indicators",
"identifier": [
{
"system": "http://ohie.org/Library/",
"value": "hiv-indicators"
}
I

"version": "0.0.0",
"title": "HIV Indicators",
"status": "draft",

"experimental": true,

"typeﬂ : {
"coding": [
{

"system": "http://terminology.hl7.org/CodeSystem/library-type",
"code": "logic-library",
"display": "Logic Library"
}
]

s
"date": "2018-08-03",

"description": "HIV Indicators Reporting Example",
"relatedArtifact": [
{
"type": "derived-from",
"url": "http://wiki.ihe.net/index.php/Aggregate Data Exchange - HIV"
}
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1,

"content": [

{

"contentType": "text/cql",

"data":
"bGlicmFyeSBISVZ{SW5kaWNhdG9ycyB2ZXJzaW9ulCcwLjAuMCcKCi8qCIR0ZSBjb250
ZW501GlulHRoaXMgbGlicmFyeSBpcyBkemFmdCBjb250ZW50IGRldmVsb3BIZCBhcyBw
Y XJOIGI9mIGEgd29ya2luZyBPcGVuSEIFCnNIc3Npb24gb24gdGhlIHVzZSBvZiBGSEISIHF
1Y WxpdHkgecmVwb3J0aW5SnIGZ1bmN0aW9uY WxpdHkgdG8gecmVwb3JOIHB1 YmxpYyB
0ZWFsdGggCmluZGljY XRvenM6IGh0dHBzOi18vd2IraS5paGUubmVOL21uZGV4LnBocC9
BZ2dyZWdhdGV{RGFO0YV9FeGNoY W5nZV8tX0hJVgoqLwoKdXNpbmcgRkhJUiB2ZX]Jz
aW9ulCczLjAuMCcKCi8VvIFNOTO1FRC1DVCwgSW50ZXJuY XRpb25hbCBFZG10aW9uC
mNvZGVzeXNOZWOgIINOTO1FRC1DVCI6ICdodHRwOi8ve25vbW VkLmluZm8vc2NOLzk
wMDAwWMDAWMDAwWMDIWNzZAwWOCcgCgovLyBMTO0l0OQywgMi42MysKY29kZXN5c3R
IbSAITE9JTkMiOiAnaHROcDovL2xvaW5jLm9yZycKCmNvZGVzeXNOZWO0gIklTTy04NjA
xLURIemI2ZWQgUGVyaW9keyl61CdodHRwOIi8vb2hpZSSvemevVmFsdWVTZXQvaXNv
LTg2MDEtZGVyaXZI1ZC1wZXJpb2RzJyAvLyB7ICAQMFktLVAXWScsICAQMVkILVAIW
ScsIC4uLiBOCmNVvZGVzeXNOZWOgIIBNVENUIEhJViIBTdGF0dXMgQ29kZXMiOiAnVEJ
EJyAvLyB71Cdrbm93bilwb3NpdGI2ZScsICduZXdseS1pZGVudGlmaW VKLXBvc210aXZ1J
ywglJ251d2x5LWIkZW50aWZpZWQtbmVnY XRpdmUnIHOKY29kZXN5c3RIbSAIUE1UQI
QgQVIUIFNOYXR1cyBDb2RIcyl61CdUQkQnIC8vIHsg)2FsemVhZHktb24tY XJ0Jywgl251d
y1vbilhenQnIHOKCnZhbHVIc2VOICIISVY gVGVzdGluZyBTZXJ2aWNIlcyl61CdUQkQnIC
8VIFNob3VsZCB1c2UgSEIWIHRIc3RzCnZhbHVI1c2VOICIWaXJhbCBMb2FKIFRIc3QiOiA
nVEJEJwp2YWx1ZXNIdCAiSEw3IEFkbWIuaXNOcmF0aXZIIEdIbmRIcil6ICdodHRwOi8va
Gw3Lm9yZy9maGlyL 1ZhbHVIU2VOL2FkbWIluaXNOcmF0aXZILWdlbmRIcicKdmFsdWVz
ZXQglkFSVCBNZWRpY2F0aW9ucyl61CdUQkQnIC8VIEFSVCBtZWRpY2F0aW9ucwp2Y
Wx1ZXNIdCAiQWS50ZW5hdGFSIENhemUiOiAnVEJEJyAvLyBBbnRIbmFOYWwgQ2FyZ
Qp2YWx1ZXNIdCAiRGVsaXZlenkgUHJvY2VkdXJlcyl61Cd1cm46b21kOjTuMTYuODQwL
JEuUMTEzNzYyLjEuNC4xMDQI1LjUSJyAvLyBVc2VKIGISIENNUZExMwp2Y Wx1ZXNIdC
AiISHVtY W4gSW1tdW5vZGVmaWNpZW5jeSBWaXJ1cyAoSEIWKSBMY WJvemFO0b3J5I1
FR1c3QgQ29kZXMgKEFiIGFuZCBBZykiOiAndXJuOm9pZDoyLjE2LjgOMC4xLjExMzc2
MidxLjQuMTA1INi41MCcgLy8gVXNIZCBieSBDTVMzNDkKIAovLy4gSEIWIFRIc3QgUm
VzdWx0cwpjb2RIICJISVY gTmVnY XRpdmUiOiBjb2RIICcxNjU4MTUwMDknIGZyb20gll
NOTO01FRC1DVCIgZGlzcGxheSAnSEIWIESIZ2F0aXZ1Jwpjb2RIICIISVY gUG9zaXRpdmU
10iBjb2RIICcxNjU4AMTYwMDUnIGZyb20gIINOTO1FRC1DVCIgZGlzcGxheSAnSEIWIFB
vc210aXZ1Jwpjb2RIICIISVY gMSBhbmQgMiB0ZXNOcyAtIE1TY W5pbmdmdWwgVXNIIH
NIdCI6ICe3NTY yMiOxJyBmemOtICIMTO0IOQylgZGlzcGxheSAnSEIWIDEgY W5kIDIgdGV
zdHMgLSBNZWFuaW5nZnVsIFVzZSBzZXQnIC8vIFVzZWQgYnkgQ01TMzQ5CgovLyBI
aXNOb3J5IGIMIEFSVCBUaGVyYXB5CmNvZGUglkhpc3Rvenkgb2YgY W50aXJldHIvdml
yYWwgdGhlemFweSAoc210dWF0aW9uKSI161CcOMzIxXMDEwWMDAxMjQxMDgnlGZyb20g
IINOTO01FRC1DVCIgZGlzcGxheSAnSGlzdG9yeSBvZiBhbnRpecmV0cm92aXJhbCB0aGVy
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YXBS5IChzaXR1YXRpb24pJwoKLy8gQWdIIEdyb3Vwewpjb2RIICJQMFktLVAXWSI6IGN
vZGUgJ1 AwWSO0tUDFZJyBmem9tICJJUOStODYwMS1EZXJpdmVkKIFBlemlvZHMilGRpc3
BsYXkglzwgMSB5ZWFyJwpjb2RIICIQMVktLVA1WSI6IGNvZGUgl1 AxWS0tUDVZJIyB
mem9tICJJUOStODYwMS1EZXJpdmVkIFBlemlvZHMilGRpe3BsY XkgJzEtNCB5SZWFycyc
KY29kZSAIUDVZLS1QMTBZIjogY29kZSAnUDVZLS1QMTBZJyBmcm9tICJJUOS8tODY
wMSI1EZXJpdmVkIFBlemlvZHMilGRpc3BsY XkglzUtOSB5SZWFyJwpjb2RIICIQMTBZLS
1QMTVZIjogY29kZSAnUDEwWWSO0tUDE1WScgZnJvbSAiSVNPLTg2MDEtRGVyaXZIZC
BQZXJpb2RzliBkaXNwbGF5ICcxMCOxNCB5SZWFyJwpjb2RIICIQMTVZLS1QM]BZIjogY
29kZSAnUDE1WSO0tUDIWWScgZnJvbSAiSVNPLTg2MDEtRGVyaXZIZCBQZXIJpb2RzIiB
kaXNwbGF5ICcxNS0xOSB5ZWFyJwpjb2RIICIQMjBZLS1QMjVZIjogY29kZSAnUDIWW
S0tUDI1 WScgZnJvbSAISVNPLTg2MDEtRGVyaXZ1ZCBQZXJpb2RzliBkaXNwbGF5ICcy
MCOyNCB5ZWFyJwpjb2RIICIQMjVZLS1QMzBZIjogY29kZSAnUDI1 WSO0tUDMwWScgZ
nJvbSAISVNPLTg2MDEtRGVyaXZIZCBQZXJpb2RzliBkaXNwbGF51CcyNSOyOSB5ZWF
yJwpjb2RIICIQMzBZLS1QMzVZIjogY29kZSAnUDMwWS0tUDM1WScgZnJvbSAiSVNP
LTg2MDEtRGVyaXZIZCBQZXJpb2RzliBkaXNwbGF5ICczMC0zNCB5ZWFyJwpjb2RIICJ
QMzVZLS1QNDBZIjogY29kZSAnUDMIWS0tUDQwW ScgZnJvbSAiSVNPLTg2MDEtRG
VyaXZ1ZCBQZXJpb2RzIiBkaXNwbGF5ICczNS0zOSB5ZWFyJwpjb2RIICJQNDBZLS1QN
TBZIjogY29kZSAnUDQwWS0tUDUwWScgZnJvbSAiSVNPLTg2MDEtRGVyaXZ1ZCBQZ
XIJpb2RzIiBkaXNwbGF5ICcOMCO00OSBSZWFyJwpjb2RIICJIQNTBZLS1QOTk50VkiOiBjb
2RIICAQNTBZLS1QOTk50VknlGZyb20gIklTTy04NjAXLURIcmI2ZWQgUGVyaW9kcylg
ZGlzcGxheSAnNTArIHIY XJzJwoKLy8gUE1UQI1QgQVJUIHNOY XR 1cwpjb2RIICIBbHII
YWRSIGOuIEFSVCI6ICdhbHITY WRSLWOuULWFydCcgZnJvbSAIUE1UQ1QgQVIUIFNOY
XR1cyBDb2RIcylgZGlzeGxheSAnQWxyZWFkeSBvbiBBUIQnCmNvZGUglk51dyBvbiBBU
1Qi0iAnbmV3LWI9uLWFydCcgZnJvbSAIUE1UQ1QgQVIJUIFNOY XR1cyBDb2RIcylgZGlz
cGxheSANTmV3IGHIEFSVCcgCgovLyBQTVRDVCBISVY gc3RhdHVzCmNvZGUglktub3
dulFBvc210aXZlljogJ2tub3duLXBvc210aXZ1JyBmem9tICJQTVRDVCBISVY gU3RhdHVzI
ENvZGVzIiBkaXNwbGF5ICdLbm93biBQb3NpdGI2ZScKY29kZSAiTmV3bHkgSWRIbnRp
ZmllIZCBQb3NpdGI2ZSI161CduZXdseS1pZGVudGlmaW VKLXBvc210aXZ1JyBmem9tICIQT
VRDVCBISVYgU3RhdHVZzIENVZGVzIliBkaXNwbGF51CdOZXdseSBJZGVudGlmaW VKIF
Bvc210aXZ1Jwpjb2RIICIOZXdseSBIZGVudGlmaW VKIESIZ2F0aXZ1ljog)251d2x SLWIkZW
50aWZpZWQtbmVnY XRpdmUnIGZyb20gIIBNVENUIEhJViBTdGF0dXMgQ29kZXMilGR
pc3BsY Xkgl051d2x51EIkZW50aWZpZWQgTmVnY XRpdmUnCgovLyBQecmVnbmFuY 3kv
QnJIYXNOZmVIZGluZyAoUFJFR19CRikKY29kZSAiUHJIZ25hbnQiOiAnMTQ2Nzg5MD
AwJyBmem9tICITTkONRUQtQ1QiIGRpc3BsY XkgJ1ByZWduY W50Jwpjb2RIICIJCemVhe3
RmZWVkaW5nljogJzZE20TcIMDAwMicgZnJvbSAiUOSPTUVELUNUIiBkaXNwbGF5ICd
CemVhe3RmZW VkaW5SnJwoKcGFy Y W11dGVyICINZWFzdXJ1bWVudCBQZXIpb2QilElu
dGVydmFsPERhdGVUaW11PgoKZGVmaWSIICIBUIQgVGhlcmFweSBPYnNIcnZhdGlvbil
6CiAgWyJPYnNlecnZhdGlvbil6ICJIaXNOb3J51G9mIGFudGlyZXRyb3ZpecmFsIHRoZXJhcH
kgKHNpdHVhdGlvbikiXSBPCiAgICB3aGVyZSBPLnNOY XR 1cyA9ICdmaW5ShbCcKCmRI
ZmluZSAiQVIJUIFR0ZXJhcHkgQ29uZG10aW9uljoKICBbIkNvbmR pdGlvbil61CJIaXNOb3J
5IG9MIGFudGlyZXRyb3ZpcmFsIHR0ZXJhcHkgKHNpdHVhdGlvbikiXSBDCiAgICB3aGV
yZSBDLnZlemlmaWNhdGIvbINOY XR 1cyA9ICdjb25maXItZWQnCiAgICAgIGFuZCBDLm
NsaW5pY2FsU3RhdHVzIGlulHsgl2FjdG12ZScsICdyZWxhcHNIZCesICd3ZWxsLWNvbnR
yb2xsZWQnLCAncGI9vemxSLWNvbnRyb2xsZWQnIHOKCmRIZmIuZSAiQVJUIFRoZXJhe
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HkgTWVkaWNhdGlvbil6CiAgWyINZWRpY2F0aW9uRGlzcGVuc2UiOiAiQVIUIE11ZGlj
YXRpb25zI10gTQogICAgd2hlemUgTS5zdGFOdXMgPSAnY29tcGxldGVkJwoglApkZWZpb
mUglkFSVCBEY XRIcyl6CiAgKCIBUIQgVGhlemFweSBPYnNlenZhdGlvbilgTyByZXR1c
m4gTyS51ZmZIY3RpdmVEYXRIVGItZSkgCiAgICB1bmlvbiAolkFSVCBUaGVyY XBSIENv
bmRpdGlvbilgQyByZXR 1cm4gQy5vbnNIdERhdGVUaW 11KQogICAgdW5pb24gKCIBUIQ
gVGhlemFweSBNZWRpY2F0aW9uliBNIHJIdHVybiBNLndoZWS5IY W5kZWRPdmVyKQo
glApkZWZpbmUgIkRhdGUgb2Y gRmlyc3QgRXZpZGVuY2Ugb2Y gQVIJUIjoKICBNaW4ol
kFSVCBEY XRIcylpCiAgCi8vIFBNVENUIEFSVCBzdGFOdXMKZGVmaWSIICIQTVRDV
CBBUIQgU3RhdHVZzIjoKICBjYXNICiAgICB3aGVulCJEY XRIIGO9mIEZpcnNOIEV2aWRIb
mNIGIMIEFSVCIgYmVmb3JITHNOY XJOIGOImMICINZWFzdXJIbWVudCBQZXIJpb2QilHR
0ZW4glkFsemVhZHkgT24gQVJUIgoglCAgd2hlbiAiRGF0ZSBvZiBGaXJzdCBFdmIkZWS5j
ZSBvZiBBUIQIIGR 1cmluZyAiTWVhc3VyZW1lbnQgUGVyaW9kliB0aGVulCJOZXcgT24
gQVJUIgogIlCAgZWxzZSBudWxsCiAgZW5kCgovL2NvZGUglkFsemVhZHkgb24gQVIU]j
0gJzQzMJEwMTAwWMDEyNDEwOCcgZnJvbSAiUOSPTUVELUNUIIBkaXNwbGF5ICdBb
HIJITY WRSIGOuIEFSVCcKLy9jb2RIICIOZXcgb24gQVIULjoglzQzMjEwWMTAWMDEYNDE
wOConlGZyb20gIINOTO1FRC1DVCIgZGlzcGxheSAnTmV3IGOuIEFSVCcgCgpkZWZpbm
UglkOulEFSVCI6CiAgZ Xhpc3RzICgiQVIUIERhdGVzIiBEIHdoZXJIIEQgZHVyaW5SnICIN
ZWFzdXJIbWVudCBQZXJpb2QiKQogICAgb31gZXhpc3RzICgKICAZICAgIkFSVCBUaGV
yYXBSIENvbmRpdGlvbilgQyAKICAgICAgICB3aGVyZSBJIbnRIenZhbFtDLm9uc2VORGF
0ZXRpbWUSIEMuY WJhdGVtZW50RGF0ZXRpbWVdIG92ZXJsY XBzICINZWFzd XJIbW
VudCBQZXJpb2QiCiAgICApCgpkZWZpbmUglkhJViBUZXNOIE9ic2VydmF0aW9uljoKIC
AoCiAgICBbT2JzZXJ2Y XRpb2461CIIdW 1hbiBJbW11bm9kZWZpY 21IlbmNSIFZpecnVzIChI
SVYpIExhYm9yYXRvenkgVGVzdCBDb2RIcyAoQWIgY WSKIEFnKSJdIAogICAgICB1bm
IvbiBbT2JzZXJ2Y XRpb246ICIISVY gMSBhbmQgMiB0ZXNOcyAtIEITY W5pbmdmdWwgV
XNIHNIACJdCiAgKSBPCiAgICB3aGVyZSBPLnNOYXR 1cyA91CdmaWShbCcKICAgICA
gY WSkIE8udmFsdWUgaXMgbm90IG5 IbGWKCmRIZmIuZS AiSEIWIFBvc210aXZIIE9ic2V
ydmF0aW9uljoKICAiSEIWIFRIc3QgT2JzZXJ2Y XRpb24ilE8gd2hlemUgTy52Y Wx 1ZSB+I
CJIISVY gUG9zaXRpdmUiCgpkZWZpbmUglkhJViBOZWdhdGI2ZSBPYnNIlenZhdGlvbil6C
1AglkhJViBUZXNOIE9ic2VydmF0aW9uliBPIHdoZ XJIIE8udmFsdWUgfiAiSEIWIESIZ2F0a
XZ1goKZGVmaWSIICJJcyBISVY gUG9zaXRpdmUiOgoglGV4aXNOcyAolkhJViBQb3Npd
GI12ZSBPYnNIenZhdGlvbilpCiAgCmRIZmluZS AiSXMgSEIWIESIZ2F0aX Z1[joKICBleGlzd
HMgKCJIISVYgTmVnYXRpdmUgT2JzZXJ2Y XRpb24iKQoglApkZWZpbmUgIkRhdGUgb
2YgRmlyc3QgRXZpZGVuY2Ugb2YgSEIWIFNOYXR 1cyl6CiAgTWIuKCJISVYgVGVzdC
BPYnNlenZhdGlvbilgTyByZXR1cm4gTy51ZmZIY3RpdmVEY XRIVGItZSKKICAKZGVma
WSHCIJIEY XRIGIMIEZpcnNOIEV2aWRIbmNIIGImIEhJ ViBQb3NpdGI2ZSI6CiAgTWIuK
CJISVYgUGY9zaXRpdmUgT2JzZXJ2Y XRpb24ilE8gcmVOdXJuIE8uZWZmZWNO0aXZIRGF
0ZVRpbWUpCgpkZWZpbmUgIkRhdGUgb2¥Y gRmlyc3QgRXZpZGVuY2Ugb2Y gSEIWIESI]
Z2F0aXZlljoKICBNaW40lkhJViBOZWdhdGI2ZSBPYnNlenZhdGlvbilgTyByZXR1cm4gTy
51ZmZ1Y3RpdmVEY XRIVGItZSKKICAKLy8gUE1UQ1QgSEIWIFNOY XR 1cwpkZWZpbm
UglIBNVENUIEhJViBTdGF0dXMiOgoglGNhc2UKICAgIHdoZW4gIkRhdGUgb2Y gRmlyc
3QgRXZpZGVuY2Ugb2Y gSEIWIFBvc210aXZIliBiZWZvemUgc3RhenQgb2Yglk11YXNlc
mVtZWS50IFBlemlvZCIgdGhlbiAnS25vd24gUG9zaXRpdmUnCiAgICB3aGVulCJEY XRIIG
9MIEZpcnNOIEV2aWRIbmNIIGImMIEhJ ViBQb3NpdGI2ZSIgZHVyaWSnICINZWFzdXJIbW
VudCBQZXJpb2QilHR0ZW4gJ051d2x5SIEIKZW50aWZpZWQgUG9zaXRpdmUnCiAgICB3a
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GVUuICJEY XRIIGO9MIEZpcnNOIEV2aWRIbmNIIGI9mIEh)ViIBOZWdhdGI2ZS1gZHVyaW5nl
CINZXNhdXJIbWVudCBQZXIJpb2QilHR0ZW4gJ051d2x5IEIkZW50aWZpZWQgTmVnY X
RpdmUnCiAgICBIbHNIIGS5 1bGwKICBIbmQKICAKLy9jb2RIICJLbm93biBISVY gc(G9zaX
RpdmUiOiBjb2RIICcxNjU4MTYwMDUgKicgZnJvbSAiUOSPTUVELUNUIiBkaXNwbGF51
CdLbm93biBISVY gcG9zaXRpdmUnCi8vY29kZSAiTmV3bHkgaWRIbnRpZmlIIZCBISVYg
UG9zaXRpdmUiOiBjb2RIICcxNjU4AMTY wMDUqJyBmemO9tICITTKONRUQtQ1QilGRpc3B
sY Xkgl051d2x51GIkZW50aWZpZ W QgSEIWIFBvc210aXZ1JwovL2NvZGUglk51d2x51GlkZ
W50aWZpZWQgSEIWIGS51Z2F0aXZ1ljogY29kZSAnMTY 1ODEIMDAS5KicgZnJvbSAiUO0S
PTUVELUNUIiBkaXNwbGF5ICdOZXdseSBpZGVudGlmaW VKIEhJViBuZWdhdGI2ZScK
Ci8vIFFSUEhfQURY XO0FSVDF{TjoKLy8gTnVtYmVylGImIGFkdWx0cyBhbmQgY2hpbG
RyZW4gbmV3bHkgZWS5yb2xsZWQgb24gY W50aXJldHJvdmlyY WwgdGhlemFweSAoQVIJ
UKSBpbiB0aGUgecmVwb3J0aW5SnIHBlemlvZAogIC8VIFNOcmF0aWZpZXJzOiBBROVIR1J
PVVAsUOVYCmRIZmIuZSAiTmV3bHkgZW5yb2xsZWQgb24gY W50aXJIdHJvdmly Y Ww
gdGhlemFweSA0QVJUKSBkdXJpbmecgbWVhe3VyZW11bnQgcGVyaW9kljoKICAIRGF0Z
SBvZiBGaXJzdCBFdmlkZW5jZSBvZiBBUIQiIGR IecmluZyAiTWVhe3VyZW11bnQgUGVy
aWO9kIgoKLy8gUVIQSFOBRFhfQVIUMV90X1BSRUdAfQkY6Ci8vIES 1bWIIciBvZiBhZHV
sdHMgY W5kIGNoaWxkemVulG51d2x51GVucm9sbGVKIGOuIEFSVCBpbiB0aGUgecmVwb
3J0aW5nIHBlemlvZFOwemVnbmFudCBhbmQgYnJIY XNOZmVIZGluZwogIC8vIFNOcmFOa
WZpzZXJzOiBQUkVHX0JGCmRIZmIuZSAiTmV3bHkgZW5yb2xsZWQgb24gY W50aXJ1d
HIvdmlyY WwgdGhlemFweSAoQVJUKSBkdXJpbmcgbW Vhe3VyZW11bnQgcGVyaWIkIC
hwemVnbmFudCBhbmQgYnJIYXNO0ZmVIZGluZykiOgogICJlJcyBQemVnbmFudClIgY WSkl
CllcyBCemVhe3RmZW VkaW5nliBhbmQgIkRhdGUgb2Y gRmlyc3QgRXZpZGVuY2Ugb2
YgQVIJUILiBkdXJpbmcglk 1Y XN1ecmVtZWS0IFBlemlvZCIKICAKLy8gUVIQSFIBRFhfQV
JUM1900govLyBOdW1iZXIgb2YgY WR1bHRzIGFuZCBjaGlsZHJ1biBjdXJyZW50bHkgc
mVjZWI12aW5nIGFudGlyZXRyb3ZpcmFsIHRoZXJhcHkgKEFSVCKKICAvLYBTdHJhdGIm
aWVyczogQUAFX0dST1VQLFNFWApkZWZpbmUgIlJ1Y2VpdmluZyBhbnRpcmV0cm92a
XJhbCB0aGVyY XBSIChBUIQpIGR 1cmluZyBtZWFzd XJIbWVudCBwZXJpb2QiOgogIGV4
aXNOcyAolkFSVCBEY XRIcylgRCB3aGVyZSBEIGR 1cmluZyAiTWVhc3VyZW11bnQgUG
VyaWOkIikKICAgIG9yIGV4aXNOcyAoCiAgICAgICIBUIQgVGhlemFweSBDb25kaXRpb2
HIEMgCiAgICAgICAgd2hlemUgSW50ZXJ2Y WxbQyS5vbnNIdERhdGV0aW 1ILCBDLmFiY
XRIbWVudERhdGV0aW 1 IXSBvdmVybGFwcyAiTWVhe3VyZW11bnQgUGVyaW9kIgoglIC
AgKQogICAgCmRIZmIuZSAiWW VhciBQecmVjZWRpbmcgdGhlIIEITY XN1ecmVtZWS50IFBI
cmlvZCI6CiAgSW50ZXJ2Y Wxbe3RhenQgb2Y glk11Y XN1emVtZWS0IFBlemlvZCIgLS AxI
HIIY XISIHNOY XJOIGOmMICINZWFzd XJIbWVudCBQZXJpb2QiKQoglApkZWZpbmUglk1v
bnRoIEJIZm9yZSB0aGUgWWVhciBQcmVjZWRpbmcegdGhIIETTY XN1ecmVtZWS0IFBleml
vZCI6CiAgSW50ZXJ2Y Wxbc3RhenQgb2 Y gl Y XIgUHJTY2VkaW SnIHR0oZSBNZWFzdXJ
IbWVudCBQZXIJpb2QilCO0gMSBtb250aCwgc3RhenQgb2Y gl Y XIgUHJ1Y2VkaWSnIHRo
ZSBNZWFzdXJIbWVudCBQZXJpb2QiKQoglAovLyBRUIBIXOFEWF9BUIQ1X046Ci8vIE
51bWlJlciBvZiBhZHVsdHMgY W5kIGNoaWxkecmVulHdobyBhemUgc3RpbGwgb24gdHITY
XRtZWS50IGFOIDEyIG1vbnRocyBhZnRIciBpbml0aWF0aWSnIEFSVAogIC8vIFNOcmFOaW
ZpZXJzOiBBROVIR1JPVVASUOVYCmRIZmIuZSAiUmVjZWI12aW5nIGFudGlyZXRyb3Zp
cmFsIHR0ZXJhcHkgKEFSVCkgYXQgMTIgbW9udGhzIGFmdGVylGluaXRpY XRpbmciOg
ogICJEY XRIIGIMIEZpcnNOIEV2aWRIbmNIIGImMIEFSVCIgZHVyaW5nICINb250aCBCZ
WZvemUgdGhlIFIIY XIgUHJTY2VkaW5SnIHR0oZSBNZWFzd XJIbWVudCBQZXJpb2QiCiAg
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ICBhbmQgIlJ1Y2VpdmluZyBhbnRpcmV0cm92aXJhbCB0aGVyY XBSIChBUIQpIGR Icmlu
ZyBNZWFzdXJIbWVudCBQZXJpb2QiCgovLyBRUIBIXOFEWF9BUIQ1X05fUFJFR19CR]j
oKLy8gTnVtYmVyIGImIGFkdWx0cyBhbmQgY2hpbGRyZW4gd2hvIGFyZSBzdGlsbCBvb
iBOcmVhdG11bnQgYXQgMTIgbW9udGhzIGFmdGVylGluaXRpYXRpbmcgQVIJULXByZ
WduYW50IGFuZCBicmVhe3RmZW VkaW5nCiAgLy8gU3RyY XRpZmllenM6IFBSRUdAfQk
YKZGVmaWSIICISZWNIaXZpbmegY W50aXJ1dHJvdmlyY WwgdGhlemFweSAoQVJUKS
BhdCAxMiBtb250aHMgY WZ0ZXIgaW 5pdGlhdGluZyAocHJIZ25hbnQgY W5kIGIJyZWFzd
GZIZWRpbmcpljoKICAIUMVjZWI12aW 5nIGFudGlyZXRyb3ZpecmFsIHRoZXJhcHkgKEFS
VCkgYXQgMTIgbW9udGhzIGFmdGVylGluaXRpY XRpbmciCiAgICBhbmQglklzIFByZW
duYW50IgogICAgY W5kICJIcyBCemVhe3RmZW VkaW5SnIgoKLy8gUVIQSFIBRFhfQVJU
NVIEOgovLyBOdW1iZXIgb2YgY WR1bHRzIGFuZCBjaGlsZHJ1biB3aG8gaW 5pdGlhdGV
kIEFSVCBpbiB0aGUgMTIgbW9udGhzIHByaW9yIHRVIHR0ZSBiZWdpbm5pbmcgb2Y gdG
hlIHJ1cG9ydGluZyBwZ XJpb2QKICAvLYyBTdHJhdGlmaW VyczogQUdFX0dST1VQLFNFW
ApkZWZpbmUglkluaXRpYXRIZCBhbnRpcmV0cm92aXJhbCB0aGVyY XBSIChBUIQpIGl
ulHR0ZSAxMiBtb250aHMgcHJpb31gdG8gbWVhe3VyZW11bnQgcGVyaW9kljoKICAIRGF
0ZSBvZiBGaXJzdCBFdmlkZW5jZSBvZiBBUIQIIGR 1cmluZyAiWW VhciBQemVjZWRpb
mcgdGhlIEITYXN1emVtZWS0IFBlemlvZCIKCmRIZmIuZSAiQW50ZWShdGFsIENhemUg
VmlzaXQiOgogIFtFbmNvdW50ZX16ICIBbnRIbmFOY WwgQ2FyZSJAIEUKICAgIHdoZ XJ11
EUuc3RhdHVzID0gJ2ZpbmlzaGVkJwogICAgICBhbmQgRS5wZXJIpb2QgZHVyaW5nIElud
GVydmFsW3N0OYXJOIGOmMICIZZWFyIFByZWNIZGluZyB0aGUgTW Vhc3VyZW11bnQgU
GVyaW9kliwgZW5kIGImICINZWFzd XJIbWVudCBQZXJpb2QiXQogICAgCmRIZmIuZS
AiTGI2ZSBCaXJ0aCBQcm9jZWR 1cmUiOgogIFtQecm9;ZWR 1ecmU6ICIMaXZITEJpecnRoll0
gUAo0gICAgd2hlemUgUC5zdGFOdXMgPSAnY?29tcGxldGVkIwogICAgCi8vIFFSUEhfQUR
YX01UQ1QxX0Q6Ci8VIES1bWIJlIciBvZiBwemVnbmFudCB3b211biB3aG8gY XROZWSkZW
QgQUSDIG9yIGhhZCBhIGZhY2lsaXR5LWJhc2VKIGRIbGI2ZXJ51GluIHR0ZSByZXBven
RpbmcgeGVyaWI9kCiAvLyBTdHJhdGlmaW VyczogUETUQI1RfSEIWXINUQVRVUwpkZ
WZpbmUglkFudGVuY XRhbCBDY XJIIFZpc2101G9yIExpdmUgQmlydGggZHVyaW5SnIHRo
ZSBNZWFzdXJIbWVudCBQZXJpb2QiOgogICgiSXMgUHIJIZ25hbnQilGFuZCBleGlzdHM
gKCJIBbnRIbmFOYWwgQ2FyZSBWaXNpdClgViB3aGVyZSBWLnBlecmlvZCBkdXJpbmcgl
k1TYXN1emVtZWS0IFBlemlvZCIpKQogICAgb3IgZXhpe3RzICgiTGI2ZSBCaXJ0aCBQcm
9iZWR1emUilFAgd2hlemUgUC5wZXImb3JtZWQgZHVyaW5SnICINZWFzd XJIbWVudCB
QZXIpb2QiKQoKLy8gUVIQSFIBRFhfTVRDVDJfRDoKLy8gTnVtYmVylG9mIEhJViBw
b3NpdGI2ZSBwemVnbmFudCB3b211biB3aG8gY XR0ZW5kZWQgQUSDIG9yIGhhZCBhIG
ZhY21saXR5LWJhc2VKIGRIbGI2ZXJ5IHdpdGhpbiB0aGUgemVwb3J0aW5SnIHBlecmlvZAog
IC8VIFNOcmF0aWZpZXJzOiBOb251CmRIZmIuZSAiQWS50ZW5hdGFSsIENhemUgVmlzaXQ
gb3IgTGI2ZSBCaXJ0aCBkdXJpbmcgTWVhe3VyZW1lbnQgUGVyaWIkIChISVY gUG9zaX
RpdmUpljoKICAiSXMgSEIWIFBvc210aXZlIgogICAgY WSkICIBbnRIbmFOYWwgQ2FyZS
BWaXNpdCBvciBMaXZIIEJpcnRoIGR 1cmluZyBNZWFzdXJIbWVudCBQZXJpb2QiCgovL
yBRUIBIXOFEWFINVENUMI9OOgovLyBOdW1iZXIgb2YgSEIWLXBvc210aXZIIHByZW
duYW50IHdvbW VulHdobyByZWNIaXZ1ZCBBUIQgdG8gcm VkdWNIIHR0ZSByaXNrIG9
mIG1vdGhlcilOby1jaGlsZC10cmFuc21pc3Npb24gZHVyaWSnIHByZWduY W5jeQoglC8vIF
NOcmF0aWZpZXJzOiBQTVRDVFIBUIRfUIRBVFVTCmRIZmIuZSAiSEIWLXBvc2l0aXZ
ILCBwemVnbmFudCwgY WSkIHJTY2VpdmluZyBhbnRpecmV0cm92aXJhbCB0aGVyY XBS5I
ChBUIQpIHRVIHJIZHV;jZSB0aGUgcmlzayBvZiBtb3RoZXItdG8tY2hpbGQtdHJhbnNtaXNz
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aW9ulGR 1cmluZyBwemVnbmFuY3kiOgogICJJcyBISVY gUG9zaXRpdmUiCiAgICBhbmQ
glklzIFByZWduY W50IgogICAgY WSKICISZWNIaXZpbmcgY W50aXJIdHJvdmly Y WwgdG
hlemFweSAoQVJUKSBkdXJpbmcgbWVhe3VyZW11bnQgcGVyaW9klgoKZGVmaWSIICJ
WaXJhbCBMb2FkIFRIc3QgUmVzdWx0IjoKICBbIk9ic2VydmF0aW9uljogllZpcmFsIExvY
WQgVGVzdCJdIESKICAgIHdoZXJIIE8uc3RhdHVzID0gJ2ZpbmFsJwoglCAgICBhbmQgT
y52YWx1ZSBpcyBub3QgbnVsbAoKLy8gUVIJQSFIBRFhfVkxTM1900govLyBOdW11ZX1
gb2Y gcGVveGxlIGxpdmluZyB3aXRoIEhJViBhbmQgb24gQVIUIHdobyBoY XZIIGEgc3Vw
cHJIc3NIZCB2aXJhbCBsb2FkIHIIc3VsdHMgKCZsdDsxMDAwWIGNvcGllcyotTCkuCiAgLy
8gU3RyYXRpZmllenM6IEFHRVIHUKOVUCXTRVgKZGVmaWS5IICIMaXZpbmegd210aCB
ISVYgYWSKIGOuIEFSVCB3aXRoIHN1cHByZXNzZWQgdmlyY WwgbGO9hZCByZXN1bH
RzICg8MTAwWMCB]jb3BpZXMvbUwpljoKICAiSXMgSEIWIFBvc210aXZlIgogICAgY W5kl
CISZWNIlaXZpbmcgY W50aXJldHJvdmlyY WwgdGhlemFweSAoQVJIUKSBkdXJpbmcgbW
Vhe3VyZW11bnQgeGVyaW9kIgogICAgY W5kIGV4aXNOcyAoCiAgICAgICIWaXJhbCBM
b2FkIFRIc3QgUmVzdWx0IliBSCiAgICAgICAgd2hlemUgUi51ZmZIY3RpdmVEY XRIVGItZ
SBkdXJpbmeglk11TYXN1ecmVtZWS0IFBlemlvZCIKICAgICAgICAgIGFuZCBSLnZhbHVIID
wgMTAwWMCANe2NvcGlle30vbUwnCiAgICAgICKkKICAgICAgCi8vIFFSUEhfQURY X0hU
UzJ{TjoKLy8gTnVtYmVyIGImIGluZGl12aWR1Y WxzIHdobyByZWNIaXZIZCBISVYgVG
VzdGluZyBTZXJ2aWNIcyAoSFRTKSBhbmQgemVjZWI12ZWQgdGhlaXIgdGVzdCByZXN
1bHRzCiAgLy8gU3RyYXRpZmllenM6IEFHRVOHUkKOVUCxTRVgsSEIWX1RFUIRfUkVT
VUxUUwpkZWZpbmUgIlJ1Y2VpdmVKIEhJViIBUZXNOaW SnIFNIenZpY2VzIChIVFMpIG
FuZCBSZWNIdmlIZCBUZXNOIFJ1c3VsdHMiOgoglFsiT2JzZXJ2Y XRpb24i0iAiSEIWIFRI
c3RpbmcgU2VydmljZXMiXSBPCiAgICB3aGVyZSBPLnNOYXR1cyA9ICdmaWShbCcKIC
AgICAgYWSKIE8udmFsdWUgaXMgbm90IG5 1bGwglAoKZGVmaWS5IICIGaXJzdCBhbnRI
bmFOYWwgY2FyZSB2aXNpdCI6CiAgRmlyc3QolkFudGVuYXRhbCBDY XJIIFZpc2101iB
WIHNvenQgYnkge3RhenQgb2Y gcGVyaWIkK QoK Ly8gUVIQSFIBRFhfTVRDVDF{TjoK
Ly8gTnVtYmVyIGOmIHByZWduY W50IHdvbW VulHdpdGgga25vd24gSEIWIHNOY XR 1cy
BhdCBmaXJzdCBhbnRIbmFOYWwgY2FyZSB2aXNpdAogIC8VIFNOcmF0aWZpZXJzOiBQ
TVRDVFIISVZfUIRBVFVTCmRIZmIuZSAiSEIWIFNOY XR 1cyBLbm93biBhdCBGaXJzd
CBBbnRIbmFOY WwgQ2FyZSBWaXNpdCI6CiAglkRhdGUgb2Y gRmlyc3QgRXZpZGVuY
2Ugb2YgSEIWIFNOY XR1cylgb24gb3IgYmVmb3JIIHNOY XJ0IGImICIGaXJzdCBhbnRIbm
FOYWwgY2FyZSB2aXNpdClucGVyaW9kCgovLyBRUIBIXOFEWFOWTFMzX0Q6Ci8VIES
1bWIJIciBvZiBwZW9wbGUgb24gQVIUIHdobyBoYWQgYSBWTCBtZWFzdXJIbWVudCB
pbiB0aGUgcGFzdCAxMiBtb250aHMuCiAgLy8gU3RyY XRpZmllenM6IEFHRVOHUK9VU
CxTRVgKZGVmaWSIICISZWNIaXZpbmegY W50aXJIdHJvdmlyY WwgdGhlemFwdHkgKE
FSVCkgYWSKIFZpemFsIExvYWQgTWVhe3VyZW 11bnQgaW4gdGhlIHBhc3QgMTIgbW9
udGhzljoKICAIUmVj;ZWI12aW5nIGFudGlyZXRyb3ZpcmFsIHRoZXJhcHkgKEFSVCkgZH
VyaW5nIGIIYXN1emVtZWS0IHBIemlvZCIKICAgIGFuZCBleGlzdHMgK AogICAgICAiV
mlyY WwgTGOhZCBUZXNOIFJ1c3VsdClgUgoglCAgICAgIHdoZXJIIFIuZWZmZWN0aXZ1
RGFO0ZVRpbWUgZHVyaW5nICIZZWFyIFByZWNIZGluZyB0aGUgTWVhc3VyZW11bnQg
UGVyaW9klIgogICAgKQoKCi8VIFNOcmF0aWZpZXJzCgovLyBBZ2UgR3JvdXAKZGVma
WSICIBZ2UgR3JvdXAiOgoglGNhc2UKICAgIHdoZW4gQWdAISW5ZZWFycOFOKHNOY X
JOIGOmMICINZWFzdXJIbWVudCBQZXJpb2QiKSBpbiBJbnRlcnZhbFswLCAxKSB0aGVulC
JOMFktLVAXxWSIKICAgIHdoZW4gQWdISW5ZZWFycOFOKHNOY XJOIGO9mICINZWFzd
XJIbWVudCBQZXJpb2QiKSBpbiBJbnRIcnZhbFsxLCA1KSB0aGVulCJQMVktLVA1WSIK
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ICAgIHdoZW4gQWdAISW5ZZWFycOFOKHNOY XJOIGO9mMICINZWFzdXJIbW VudCBQZXJp
b2QiKSBpbiBJbnRlecnZhbFs 1 LCAXxMCkgdGhlbiAiUDVZLS1QMTBZIgoglCAgd2hlbiBBZ2
VIbIIIY XJzQXQoc3RhenQgb2Y glk11Y XN1ecmVtZWS0IFBlemlvZCIpIGlulEludGVydmFsW
zEwWLCAxNSkgdGhlbiAiUDEwWSO0tUDE1WSIKICAgIHdoZW4gQWdISW5ZZWFycOFOK
HNOY XJOIG9mICINZWFzdXJIbWVudCBQZXIpb2QiKSBpbiBJbnRlcnZhbFsxNSwgMjApl
HRoZW4glIAXNVktLVAyMFkiCiAgICB3aGVulEFnZUluWW VhenNBdChzdGFydCBvZiA
iTWVhe3VyZW11bnQgUGVyaWO9klikgaW4gSW50ZXJ2Y WxbMjAsIDI1 KSB0aGVulCJQ
MjBZLS1QMjVZIgogIlCAgd2hlbiBBZ2VIblllY XJzQXQoc3RhenQgb2Yglk11YXN1ecmVtZ
WS50IFBlemlvZCIplGlulEludGVydmFsWzI 1 LCAzM CkgdGhlbiAiUDI1 WSO0tUDMwWSIKI
CAgIlHdoZW4gQWdAISW5ZZWFycOFOKHNOY XJOIGOImICINZWFzdXJIbWVudCBQZXJpb
2QiKSBpbiBJbnRlecnZhbFszMCwgMzUpIHRoZW4gllAzMFktLVAzNVkiCiAgICB3aGVul
EFnZUluWW VhecnNBdChzdGFydCBvZiAiTWVhe3VyZW11bnQgUGVyaW9klikgaW4gSW
50ZXJ2Y WxbMzUsIDQwKSB0aGVulCIQMzVZLS1QNDBZIgogIlCAgd2hlbiBBZ2VIJblllY
XJzQXQoc3RhenQgb2Y glk11Y XN 1ecmVtZWS0IFBlemlvZCIpIGIulEludGVydmFsWzQwLC
A1IMCkgdGhlbiAiUDQwWSO0tUDUwWSIKICAgIHdoZW4gQWdISW5ZZWFycOFOKHNOY
XJOIGIMICINZWFzdXJIbWVudCBQZXJpb2QiKSBpbiBJbnRlcnZhbFs 1 MCwgbnVsbF0gd
GhlbiAiUDUwWS0tUDkSOTI1ZIgoglCAgZWxzZSBudWxsCiAgZW5kCgovLyBTZXgKZG
VmaWSIICJITZXgiOiBQYXRpZW50LmdlbmRIcgoKLy8gQWdIIEdyb3VwLI1NIeApkZWZp
bmUgIkFnZSBHem91cCITZXgiO1AiQWdIIEdyb3VwlIi5jb2RI1ICsglzonICsglINIeCIK Ci8vIF
ByZWduYW50L0JyZWFzdGZIZWRpbmcKZGVmaWSIICIQemVnbmFudC9CecmVhc3RmZ
WVkaW5nljoKICBjYXNICiAgICB3aGVulClJcyBQcmVnbmFudClgdGhlbiAiUHJIZ25hbn
QiCiAgICB3aGVulCllcyBCemVhe3RmZW VkaW5nliB0aGVulCJCemVhe3RmZW VkaWSn
IgoglCAgZWxzZSBudWxsCiAgZW SkCiAgCi8vIEhJViBUZXNOIFJ1c3VsdHMKZGVmaW5
IICJISVYgVGVzdCBSZXN1bHRzIjoKICBj Y XNICiAgICB3aGVulCJJcyBISVYgUG9zaXR
pdmUilHR0ZW4gIkhJViBQb3NpdGI2ZSIKICAgIHdoZW4glklzIEhJViBOZWdhdG12ZSIgd
GhlbiAiSEIWIESIZ2F0aXZ1lgoglCAgZWxzZSBudWxsCiAgZW5kCiAgCmRIZmIuZSAiQ
WdAIEdyb3VwWLINIeC9ISVYgVGVzdCBSZXN1bHRzIjoKICAIQWdIIEdyb3VwIi5jb2RIICs
2JzonlCsglINIeCIgKyAiOilgKyAiSEIWIFRIc3QgUmVzdWx0Ii5jb2R1Cg==",

"url": "library-hiv-indicators-content.cql"

}
]

}

Figure A.2-1: FHIR Library Resource containing CQL File

A.3 DSS Example as a FHIR Measure

This resource is specified in [HE mADX, defining what content needs to be collected in order to
create MeasureReports for indicators. The resource below shows HIV indicators.

970

WARNING: This is provided as example and has not been validated against the
requirements described in Section 3.1.
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"resourceType": "Measure",
"id": "hiv-indicators",
"url": "http://ohie.org/Measure/hiv-indicators",
"identifier": [
{
"system": "http://ohie.org/Measure/",
"value": "hiv-indicators"

}
]

version": "0.0.0",

"name": "DRAFT-IHE-QRPH--HIV-SECOND-THIRD-90",

"title": "HIV 2nd & 3rd-90",

"date": "2019-04-20",

"publisher": "HE QRPH - Technical Committee 2019",

"description": "Calculates epidemic control monitoring indicators on a cohort of patients who are
HIV+ and have been on ART for at least three months over the last 12 months

Three indicators from the ADX-HIV content profile are defined for the second and third step of the 90-
90-90 clinical cascade: on antiretroviral therapy (ART); and viral load is suppressed.

The indicators are drawn from the IHE ADX-HIV content profile[ 1] which aligns HIV indicators across
the following jurisdictions WHO/UNAIDS, PEPFAR, Global Fund, Kenya, Rwanda. Disaggregators
and conditions are extracted from the PEPFAR MER 2.0 indicators[2].

[1]
http://www.ihe.net/uploadedFiles/Documents/QRPH/IHE _QRPH Suppl ADX HIV Revl.0 PC 2018-
05-29.pdf
[2] https://ovesupport.org/wp-content/uploads/2018/01/MER-2.0-Indicator-Reference-Guide-V-2.2-
Updated-Release-24-Jan-2018.pdf",

"subject" : {

"subjectCodableConcept" {

"coding" : [
"code" : "Patient"
]
J
}s
"group": [
{
"code": {
"coding": [
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{
"system": "http://pepfar.gov",
"code": "TX CURR"
}
]
5
"description": "This indicator reports the proportion of people living with HIV who are receiving
ART. It is expressed as a percentage. The numerator is the number of people living with HIV currently
receiving ART during the reporting period. The denominator is the estimated total number of people
living with HIV. Generally, this denominator is not generated from individual health facilities but it is
estimated using modelling estimates such as Spectrum AIM.

It can be disaggregated by age group, and by sex.
See the definition of the QRPH_ADX ART3 N indicator in the ADX-HIV Content Profile for more

guidance.",
"population": [

{
"code": {
"text": "cohort"
}s
"criteria": {

"language": "text/cql",
"expression": "Newly enrolled on antiretroviral therapy (ART) during measurement period"
}

}

I,

"stratifier": [
"component" : [

{
"code": {
"coding": [
{
"system": "http://ihe.net/qrph/adx/",
"code": "AGE_GROUP"
j
]
o
"criteria": {

"language": "text/cql",
"expression": "Age Group"
}
}s
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{
"code": {
"coding": [
{
"system": " http://hl7.org/thir/ValueSet/administrative-gender",
"code": "Sex"
j
]
}s
"criteria": {
"language": "text/cql",
"expression": "Sex"
}
5

i
o
{
"code": {
"coding": [
{
"system": "http://pepfar.gov",
"code": "TX PVLS"
}
]
i

"description": "This indicator reports the proportion of patients on ART with a viral load result
documented within the past 12 months with a suppressed viral load. It is expressed as a percentage. The
numerator is the number of people living with HIV and on ART who have a suppressed viral load
(<1000 copies/mL) documented within the past 12 months. The denominator is the number of people
living with HIV and on ART who have a viral load result documented in the past 12 months.

They are disaggregated by age group, and by sex. There is an additional disaggregation for those who
are pregnant and breastfeeding mothers.

See the definition of the QRPH_ADX ART1 N indicator in the ADX-HIV Content Profile for more
guidance.",
"population": [
{
"code": {
"text": "cohort"
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}s
"criteria": {
"language": "text/cql",
"expression": "Living with HIV and on ART with suppressed viral load results (<1000
copies/mL)"
b
j
I,
"stratifier": [
"component" : [
{
"code": {
"coding": [
{
"system": "http://ihe.net/qrph/adx/",
"code": "AGE_GROUP"
j
]
5
"criteria": {
"language": "text/cql",
"expression": "Age Group"
}
35
{
"code": {
"coding": [
{
"system": "http://hl7.org/thir/ValueSet/administrative-gender",
"code": "SEX"
j
]
5
"criteria": {
"language": "text/cql",
"expression": "Sex"
}
h
]
h
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j
]9
"relatedArtifact": [
{
"label" : "AGE_GROUP",
"url" : "http://ihe.net/qrph/adx-hiv-agegroups",
"type" : "depends-on"

"label" : "SEX",
"url" : "http://hl7.org/thir/ValueSet/administrative-gender",
"type" : "depends-on"

}
]

library": [
"http://ohie.org/Library/hiv-indicators"
I,

Figure A.3-1: A FHIR Measure resource example

A.4 Minimum Data Set Message Example in FHIR

WARNING: This is provided as example and has not been validated against the
requirements described in Section 3.1.

resourceType: "Bundle",
meta: {
profile: [ "http://datim.org/thir/StructureDefinition/TX PVLS Bundle"]
5
type: "message",
timestamp: "2019-04-10T09:55:00"
entry: [
{
fullURL: "",
resource: {
resourceType: "MessageHeader",
text: {
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status: "generated",
div: "<div xmlns=\"http://www.w3.org/1999/xhtml\"><p>This is the MDS for
TX PVLS.</p></div>"
}s

eventCoding: {
system: "",
code: ""

|7

destination: {
name: "DATIM"

b
1

{
fullURL: "",

resource: {
resourceType: "Patient",
meta: {

profile: [ "http://datim.org/thir/StructureDefinition/TX PVLS Patient"]

5
id: "12345",
gender: "female",
birthDate: "1999-04-19"

}

}s

{
fullURL: "",

resource: {

resourceType: "Encounter”,
meta: {

profile: [ "http://datim.org/thir/StructureDefinition/TX PVLS Encounter"]
5
status: "finished",
id: "123abc",
subject: "Patient/12345",
location: [

location: {

identifier: { system: "MFL", value: "aBKlrjL"}
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fullURL: "",
resource: {
resourceType: "Condition",
meta: {
profile: [ "http://datim.org/thir/StructureDefinition/TX PVLS Condition"]
5
1d: "999abc",
subject: "Patient/123abc",
verificationStatus: "confirmed",
code: {
coding: [
{
system: "http://snomed.info/sct",
code: "165816005"

}
]
o
recordedDate: "2018-12-12T12:12:12"
}
a

{
fullURL: "",

resource: {
resourceType: "MedicationStatement",
meta: {
profile: [ "http://datim.org/fhir/StructureDefinition/TX PVLS MedicationStatement"]
}s
id: "999def",
subject: "Patient/12345",
medicationCodeableConcept: {
coding: [
{
system: "http://snomed.info/sct",
code: "432101000124108"

}
]
o
effectiveDateTime: "2019-03-22"
}
a

{
fullURL: "",

resource: {
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resourceType: "Observation",
meta: {
profile: [ "http://datim.org/thir/StructureDefinition/TX PVLS Observation"]
¥
id: "456def",
code: {
coding: [
{
system: "http://loinc.org",
code: "10351-5"

b
]
1

encounter: "Encounter/123abc",
subject: "Patient/12345",
performer: {
reference: {
identifier: {
system : "HR Reg",
code: "abcd-efg-hij-klm"
h

}

}
effectiveDateTime: "2019-04-10T10:00:00",

valueQuantity: {

value: 400,
unit: "/mL"
system: "http://unitsofmeasure.org",
code: "/mL"
b
h
b
]
b
Figure A.4-1: A Bundle containing the FHIR resources that would be included in a
minimum data set
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Appendix B — FHIR Maturity Model
B.1 FHIR Maturity Model

Whenever possible, IHE profiles are based on established and stable underlying standards.
However, if an IHE domain determines that an emerging standard has high likelihood of industry
adoption, and the standard offers significant benefits for the use cases it is attempting to address,
the domain may develop IHE profiles based on such a standard. During Trial Implementation,
the IHE domain will update and republish the IHE profile as the underlying standard evolves.

Product implementations and site deployments may need to be updated in order for them to
remain interoperable and conformant with an updated IHE profile.

This white paper references content from Release 4 of the HL7® FHIR® specification. HL7
describes FHIR Change Management and Versioning at https://www.hl7.org/fhir/versions.html.

HL7 provides a rating of the maturity of FHIR content based on the FHIR Maturity Model
(FMM): level 0 (draft) through N (Normative). See http://hl7.org/fhir/versions.html#maturity.

The FMM levels for FHIR content referenced in this white paper are:

FHIR Resource Name FMM Level
CodeSystem N
Condition (Problem) 3
Encounter 2
Measure 2
MeasureReport 2
MedicationStatement 3
Observation N
Patient N
Practitioner 3
PractitionerRole 2
StructureDefinition N
ValueSet N
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Term Definition

Case-Based Reports This level of reporting is the ability to dissect an individual
case, also known as an encounter, in a person’s medical record.
Data are typically generated from an EMR, Lab, or Dispensing
Information System, based on sentinel events for tracking
cases. Whether there is identifiable data will vary, based on
how the system is implemented and jurisdictional requirements.
Data on cases are essential for patient-level reports to be

generated.
Claims Adjudication A system used to adjudicate claims for reimbursement of health
System services through a health financing scheme, for example health

insurance. The system links patient, provider, and payor data.

Client Registry A system used to manage demographic data of health system
clients and provide identification services across jurisdictions.
Profiles of HL7 FHIR, such as PIXm and PDQm, can be used
to describe the expected behavior.

CQL Engine A data service that performs calculations and queries, specified
in the CQL language, against the HL7 FHIR data model and
produces a valid mADX message.

Denominator The number of the population (e.g., persons, events) meeting
the criteria for inclusion in the denominator of the indicators. If
no criteria are specified, the denominator is formed includes
cases in the dataset.

Digital Registers Electronic organizers of data that may be at the encounter level.
In LMICs, these are often paper-based forms, or digital
representations thereof, that are filled out for patients’
encounters, maintained at the health facility, and specific to a
health vertical. In the ADX use cases they will often contain
clinical data. These can be queried like electronic medical
records and aggregated.

Health Facility Registry A system to manage the metadata and multiple identifiers for

health facilities as well as their organizational and geographic
inter-relations. Profiles of HL7 FHIR, such as mCSD, can be

used to describe the expected behavior.
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Health Management
Information System
(HMIS)

The national health management information system (HMIS)
which gathers aggregate data from all health facilities. The
system allows for the generation, comparison, and analysis of
indicators on population health and facility service utilization.
Historically, the HMIS has been the system of record for the
management and definition of health system indicators.

Health System Indicators

A specific type of indicator that tracks health system resources
and health system performance such as medical commodities,
health spending, and health workforce.

Health Workforce A system to manage the metadata and multiple identifiers for

Registry health workers including their deployment, certification and
training data. Profiles of HL7 FHIR, such as mCSD, can be
used to describe the expected behavior.

HR Management HR Management databases can be valuable sources of data to
query who delivered care to a given patient. This may be
relevant if a project is conducting provider level reporting.

Labs Labs conduct tests on patients and collect a significant amount

of information. If this information is accessible it can provide
valuable person-centric metrics as Labs often create a
significant amount of data.

Minimum Data Set

The required data fields needed to calculate the indicator from
a transactional system.

National Health
Workforce Accounts

National Health Workforce Accounts is a system by which
countries progressively improve the availability, quality, and
use of data on health workforce through monitoring of a set of
indicators to support achievement of Universal Health
Coverage, Sustainable Development Goals and other health
objectives.

Numerator The number of the population meeting the criteria for inclusion
in the numerator(s) of the indicators. Unless noted, the criteria
for the numerator(s) are a subset of those selected for the
denominator(s) below.

Patient Health Records A person’s individual medical records. These may be digital,

physical, or both. They should contain a person’s entire
medical history.

Patient Level Monitoring

The observation of patients at an individualized level. Patient-
level monitoring may be conducted to treat the patient or as
part of M&E, often for comparative analysis.
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Person-Centered Outcome
(PCO) Indicator

A specific type of indicator that tracks health outcomes across
an identified population cohort. The calculation of it may
include data extracted and aggregated from patient-level
systems.

Population Cohort

The group the particular measure is about.

PreService & InService
Training

Training that the health workforce undergoes before and during
working to ensure that they are able to deliver care in a
consistent way.

Product Registry

A system used to manage the metadata and multiple identifiers
for medical commodities. Standards such as GS1°s Global Data
Synchronization Network (GDSN) can be used to describe the
expected behavior.

Professional Certification

Certifications that a healthcare worker should receive prior to
providing care. These are often managed by a professional
council such as a medical or nursing board.

Secondary Data Usage
Community

A funding body, research organization, Public Health
Organization, epidemiology organization, quality reporting
agency, or any other organization which collects and uses a
patient’s data for purposes other than the direct care of the
patient and where personal data identifying specific patients
might not be allowed and/or necessary.

Terminology Service

A system used to manage clinical and health system
terminologies. Capability statements of HL7 FHIR compliant
terminology service are available at
https://www.hl7.org/thir/terminology-service.html.
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