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Background Reuse of health care data for various purposes, such as the care process,
for quality measurement, research, and finance, will become increasingly important in
the future; therefore, “Collect Once Use Many Times” (COUMT). Clinical information
models (CIMs) can be used for content standardization. Data collection for national
quality registries (NQRs) often requires manual data entry or batch processing.
Preferably, NQRs collect required data by extracting data recorded during the health

electronic health care process and stored in the electronic health record.

record Objectives The first objective of this study was to analyze the level of coverage of data
secondary use elements in NQRs with developed Dutch CIMs (DCIMs). The second objective was to
data reuse analyze the most predominant DCIMs, both in terms of the coverage of data elements
clinical information as well as in their prevalence across existing NQRs.
models Methods For thefirst objective, a mapping method was used which consisted of six steps,
national quality ranging from a description of the clinical pathway to a detailed mapping of data elements.
registries For the second objective, the total number of data elements that matched with a specific
administrative DCIM was counted and divided by the total number of evaluated data elements.
burden Results An average of 83.0% (standard deviation: 11.8%) of data elements in studied
interoperability NQRs could be mapped to existing DCIMs . In total, 5 out of 100 DCIMs were needed to
FAIR map 48.6% of the data elements.
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Conclusion This study substantiates the potential of using existing DCIMs for data
collection in Dutch NQRs and gives direction to further implementation of DCIMs. The
developed method is applicable to other domains. For NQRs, implementation should
start with the five DCIMs that are most prevalently used in the NQRs. Furthermore, a
national agreement on the leading principle of COUMT for the use and implementation
for DCIMs and (inter)national code lists is needed.

Background and Significance

National Quality Registries

Over the last decades, measuring quality of care has become a
common practice in health care. For these measurements,
various types of data are required about patients and the
diagnoses and treatments they have been given. Results of
national quality registries (NQRs) are increasingly used for
improving quality of care, for informing patients in the
shared-decision-making process, and for performance com-
parisons among health care institutions.! At the start, around
2000 to 2010, Dutch NQRs were based on manual data entry
only. Currently, most NQRs have the option of batch process-
ing or more manual extraction. The batch processing option
requires specific queries, customized for each hospital, to
extract data directly from specific fields in the electronic
health records (EHRs).2

Data Reuse of Electronic Health Records
EHRs play a key role in providing access to data that can
improve individual care as well as support quality improve-
ments, clinical research, and the achievement of public
health objectives. Preferably, NQRs extract machine-read-
able data recorded during the care process and stored in the
EHR, without any additional manual actions. This requires
structured and standardized registration of the character-
istics of a patient, the diagnostic work-up and various aspects
of the disease, treatment, and outcomes in the EHR. Some
additional benefits of direct extraction of NQR data from EHRs
would be the avoidance of misinterpretation of source data by
a registrar—this could reduce the need for extensive data
verification and contribute to a reduction of the administrative
burden on health care professionals. Nevertheless, data verifi-
cation by short-cycle feedback will still be required.
However, this is not an easy transition as there are
different EHR systems in use and there is a lack of uniform
registration in EHRs.? Ideally, data needed for reuse are
entered once in an EHR, stored in a structured way, and
are subsequently able to be extracted for multiple purposes
(care process, research, quality registries, and so on). Inter-
nationally, this type of data reuse is referred to as the COUMT
paradigm (“Collect Once Use Many Times”).3

Dutch Clinical Information Models

In order to make the transition from manual data entry in an
NQR to extracting data directly from EHRs, a novel approach
to data collection, storage, and retrieval needs to be devel-

oped and applied. Clinical information models (CIMs) are
models that structure data in a way to reuse them.*> A CIM
describes a (clinical) concept in a structured and detailed
method.> Preferably, CIMs are structured in such a way that
the COUMT paradigm is followed and international termi-
nologies like SNOMED CT are used in order to make the data
machine readable and suitable for international use. Differ-
ent types of CIMs exist, such as for example HL7 templates
and open EHR archetypes,6 and many synonyms for CIMs are
being used: detailed clinical models, clinical building blocks,
clinical content models, national information models, and so
on.” In 2012 a national system of 100 Dutch CIMs (DCIMs
and in Dutch “Zorginformatiebouwstenen”) was designed
in order to support reuse of the clinical data registered
in the daily care process for multiple purposes (see
, available in the online
version).® The Basic Set (Basisgegevensset Zorg [BgZ]) CIMs
are based on the International Patient Summary® and consist
of 28 DCIMs like “Problem,” “Patient,” and “Procedure.”’°
DCIM “Problem” for example covers complaints, symptoms,
diagnosis, starting date, end date, etc.!" Dutch hospitals have
implemented the Basic Set, but EHR vendors have imple-
mented them in different ways which complicates data
exchange between EHR systems. NQRs are not yet based
on DCIMs and it is currently unknown how many of the data
elements needed for NQRs are covered with DCIMs.

Objective

In the Netherlands, national goals are set to follow COUMT
and use EHRs as a source of data information.'? In 2018, the
Dutch Ministry of Health and the representative organiza-
tions of patients, clinicians, nurses, hospitals, and health
insurers agreed on a program aiming to improve data
exchange through increased structuring and standardization
of documentation and subsequent reuse of data.'? An addi-
tional agreement was made for the NQRs stipulating that
they also should be standardized and the required data
should be directly retrievable from the EHRs. The Dutch
Association of Medical Specialists started a study (“Verduur-
zamen Kwaliteitsregistraties”) aiming to fulfill this agree-
ment. The first objective of this study was to analyze the level
of coverage of data elements in NQRs with existing DCIMs in
order to evaluate whether it is realistic to use EHR data based
on DCIMs for NQRs. Eventually this could enable automated
quality measurement with limited administrative burden
and near real-time feedback from NQR to hospitals for
adjustment and improvement of care. The second objective
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of this study was to analyze the most predominant DCIMs
both in terms of data element coverage and in their preva-
lence across existing NQRs.

Method

Introduction

This study was conducted to determine whether the content
of existing DCIMs was sufficient to cover the necessary data
input for the NQRs. Most NQRs were disease-specific and did
not include patient-reported outcome measures nor patient-
reported experience measures. All Dutch NQRs, currently
around 60 in total, were invited to participate in this study.
Thirty-six NQRs applied and 31 NQRs had health professio-
nals available to work with the study team. The developed
mapping method was applied to these 31 NQRs by executing
an in-depth analysis of each data element of the NQR and
linking it to existing DCIMs. Biases in mapping were pre-
vented by working with two persons from the study team on
one NQR.

Mapping Method for the First Study Objective

In this study, a method to map the data elements per NQR to
the DCIMs was developed. Our method was inspired by the
approach that originated from the Dutch Program Registra-
tion at the Source (“Registratie aan de Bron”)."> This existing
approach consisted of linking each data element of an NQR to
the corresponding DCIM. This approach was enriched
through alignment with clinical pathways to be able to
retrieve the exact data needed for an NQR. Additionally,
extra levels of detail were added as we linked each data
element to the corresponding element in the code list (for
example, code list Tobacco use and exposure) used in NQR
and the DCIM. This step was needed since correspondence
between the code lists used for the NQR and those used for
the DCIM is a prerequisite for eventual implementation.

Clinical pathway (CP)
Analysis and DCIM mapping

High-level clinical pa-
thway and
workflow per patient

Data workflow per pa-
tient
(on level of DCIM)

STEP 1 STEP 2

National Quality Registry (NQR)
Dataset review and DCIM mapping

Critical review of NQR
dataset

Map reviewed NQR da-
taset on DCIMs

STEP 3 STEP 4
Overall mapping method.
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Overall Mapping Method
The overall mapping method which was developed is sum-
marized in

Each single step of the approach is further explained in the
next paragraphs. Each mapping was executed by at least two
members of a small overall study team consisting of nurses
and health scientists with information technology expertise.
For each NQR mapping, two to four clinicians with expertise
in the specific disease were added to the study team.

Mapping Method Step-by-Step

In the first step, the high-level clinical pathway for a disease
was described. A clinical pathway, also known as a (inte-
grated) care pathway, is one of the main tools for standard-
ization of the care process. Clinical pathways are used to
reduce variation, improve quality of care, and maximize
outcomes for specific groups of patients.'* In this study, a
high-level description of the clinical pathway was executed
for each of the 31 NQRs.

The study team made a first proposal based on documen-
tation from the participating clinicians which was then
validated by the clinicians. Although clinical pathways may
differ per hospital on a more detailed level, the high-level
clinical pathway is nationally agreed on in guidelines and
thus can be considered common practice. The Hospital
Reference Architecture (Ziekenhuis Referentie Architectuur
[ZiRA]) process model was used to describe the clinical
pathway and an example of the clinical pathway for a patient
with (suspected) prostate cancer is depicted in e

In the second step, the clinical pathway workflow was
linked to the data workflow per patient to gain insight into
three main issues: which data were required during each
phase of the workflow, which data should be registered in
each part of the clinical pathway, and who should register the
data (e.g., urologist, radiologist, etc.). The main reason to
combine the clinical pathway with the NQR is that both are

Combining CP and NQR
Linking and detailed mapping

Map data workflow per Map each data element
patient on level of of NQR (already
DCIMs with reviewed mapped to DCIMs) to
NQR dataset mapped corresponding item(s)
on DCIMs of codelist

STEP 5 STEP 6
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Healthcare demand —> Diagnosis —>

Care plan —>

Treatment —> Aftercare

Additional tests/examinations

Recurrent prostate cancer

High-level clinical pathway prostate cancer.

necessary for the selection of the right data element from the
EHR. For example, for the NQR of morbid obesity, body
weight measurements before and after the operation are
needed. Therefore, the system must facilitate the recording of
body weight measurements in specific months before and
after the procedure, so they are registered and ready for
reuse. After completion of step 2, it is clear which data
elements are registered in the EHR, during which part of
the care process they are registered, and what is the source of
the data (e.g., digital referral and outpatient clinic). See

(available in the online ver-
sion) for the example of prostate cancer.

For the third step, every data element of the NQR was
critically reviewed from the perspective of efficient data use.
For example, a body mass index does not need to be regis-
tered when body weight and length are already registered.
Also, the clinicians looked critically at their dataset again and
data elements that were no longer relevant for the purpose of
health care improvement were dropped.

In the fourth step, all data elements from the NQR were
mapped onto the DCIMs. For example, all data elements
concerning patient characteristics, such as their date of birth,
were mapped onto the DCIM “Patient.”

In the fifth step, the results of steps 2 and 4 were
combined. Every single data element of an NQR that was
matched toa DCIM in step 4 was then, in step 5, plotted to the
corresponding part of the clinical pathway from step 2. In
this way, it was clear in which part of the clinical pathway the
specific data element is registered.

The sixth step included the most detailed mapping. Each
data element of the NQR was mapped with the correspond-
ing values of the corresponding code list of the data element
of the DCIM. For example, the data element “Smoking” which
was already linked to DCIM “Tobacco use” in step 4, was
linked in this step to the corresponding entity in the code list
based on the international terminology of SNOMED CT:
365980008 Tobacco use and exposure.

Application of the Mapping Method

For all 31 NQRs we used exactly the same method to map the
NQR data element with the corresponding data element(s)
from the appropriate DCIM. To evaluate the mapping
method, we analyzed to what extent every single data
element could be mapped, after detailed analysis, onto
existing DCIMs. Each data element was assigned to one of
the following categories ( ).

Definitions of mapping categories

Categories Definition

Basic Set DCIM
mapping possible

According to definition
Basic Set DCIMs®

Other DCIM Other than Basic Set DCIM
mapping possible
Future DCIM DCIM which will be released

mapping possible in near future

No mapping No match with current or
possible with DCIM near-future DCIM
Other data For pathology data, there is a

model possible separate data model in

the Netherlands

Data element can be retrieved
by using or combining other data
elements which are already in
the NQR dataset

Data element no longer
clinically relevant

Smart registry
possible

Data element
dropped

Abbreviation: DCIM, Dutch Clinical Information Model; NQR, national
quality registry.

Methodology for the Second Study Objective: Most
Predominant DCIMs

To determine which DCIMs were the most used in mapping,
the total number of data elements that matched with a
specific DCIM was counted and divided by the total number
of evaluated data elements. For analysis of the prevalence of
the DCIMs, we counted the number of NQRs in which the
specific DCIM was used and divided that by the total number
of NQRs analyzed.

Results

Participation of National Quality Registries

The 31 participating NQRs represent different diseases and/
or procedures and are categorized as follows: 8 oncology, 5
neurology and neurosurgery, 6 surgery, 3 gynecology, 4
internal medicine, and 5 miscellaneous NQRs ( ).

Level of Coverage of Data Elements for 31 NQRs

Each of the 31 NQRs was analyzed using the mapping
method. describes the main results. Using a
detailed mapping, 80.9% (4,131 of 5,106) data elements could
eventually be matched with an existing DCIM, 65.7% (3,356)
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Overview of the relative results of 31 national quality registries per mapping category.

to a Basic Set DCIM (and 15.2% (775) to another DCIM), 2.2%
(111 data elements) could be linked to a future DCIM, 2.3%
(116) to the pathology information model, 4.4% (227) could
be retrieved using smart registry, 0.9% (46) was dropped, and
9.3% (475) could not be matched to a DCIM, for example,
because they were related to financial information or struc-
ture indicators such as number of medical specialists. The
average coverage with existing DCIMs was 83.0% with a
standard deviation of 11.8%.

There was variation in the level of coverage of the different
categories per NQR. However, no single NQR had less than
50% coverage by the Basic Healthcare Data Set DCIMs or the
Other DCIMs. The relative results per NQR are listed
in

Overall Coverage and Prevalence of DCIMs Per NQR
The 31 NQRs consisted of in total 5,106 data elements, ranging
from 31 (for glioblastoma NQR) to 661 data elements (for lung
cancer NQR), with a median of 121 data elements per NQR. In
total 1,006 data elements (19.7%) could be matched with DCIM
Problem; 863 data elements (16.9%) with DCIM Procedure, 240
(4.7%) with DCIM Patient, 204 (4.0%) with DCIM Laboratory
Test Result, and 168 (3.3%) with DCIM General Measurement.
In total, 5 out of the 100 DCIMs were needed to map 48.6% of
the data elements. illustrates this.

The analysis of the prevalence of DCIMs in NQRs demon-
strated that 8 out of the 100 DCIMs occurred frequently, with
each being mapped to over half of the 31 studied NQRs. The

Applied Clinical Informatics  Vol. 14 No. 2/2023 © 2023. The Author(s).

figure underneath depicts the prevalence per DCIM over the
total of 31 NQRs ( ).

Discussion

The reuse of health care data for various purposes will
become increasingly important in the future. To enable the
reuse of clinical data, structured and standardized registra-
tion and documentation and standardized exchange are
conditional. DCIMs are agreements on characteristics of a
care concept about content and are crucial for registration,
documentation, and improve interoperability and reuse of
health care data. In this study, we focused on DCIMs and
demonstrated that the potential of mapping NQRs with
existing DCIMs is substantial; on average 80.9% of data
elements could be matched to an existing DCIM and 4.6%
could be linked to a future DCIM or to the information model
for pathology data. Overall coverage of DCIMs showed that 5
out of 100 DCIMs covered 48.6% of data elements needed for
31 NQRs.

Detailed mapping with DCIMs led to several other
insights. There was a huge variety in set-up and data use
between the NQRs. Only 1 out of 31 NQRs was partially based
on international terminologies, such as SNOMED CT and
LOINC 3132

Also, we found a lack of standardized implementation of
national code lists by both NQRs and EHR systems. For example,
each EHR system used a different code list for smoking.
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Prevalence of Dutch Clinical Information Models (DCIMs) in
national quality registries (NQRs).

The effort to map an NQR took about 200 hours for an
average-sized NQR, 160hours for the study team, and
40 hours for the team of health care professionals. Standard-
ized implementation of (the Basic Set of) DCIMs in hospitals
could potentially lead to a significant reduction of the
administrative burdens for NQRs, as 80.9% of data elements
of the 31 NQRs could be mapped on an existing DCIM. With
only four DCIMs with care content (Problem, Procedure,
General Measurement, and Laboratory Test Result), 43.9%
of the data elements of the studied NQRs are covered. This
study also demonstrates the advantage of linking the data
elements to the care process.

Comparisons with Other Studies
Reuse, or secondary use, of data concerns the use of routinely
collected clinical data for a different purpose other than the

one for which it was originally collected. Often these data are
reused for research or quality-of-care measures. Literature
about reuse of data in general is voluminous>>; however, to
our knowledge this is the first study which analyzes the
potential of using existing DCIMs for data in NQRs. In a recent
Swedish study, a patient-centered information model with
data annotation was developed and successfully imple-
mented for one care pathway.>* Their study emphasized
that an information model should follow and support clinical
pathways in order to generate data for myriad purposes such
as clinical research and NQRs. When comparing the data
elements of the clinical pathway for chronic obstructive
pulmonary disease (COPD) with the data elements required
for the COPD NQR, they found that many data elements were
similar. The study’s authors expect the burden for registering
data for NQRs to be significantly reduced once a full imple-
mentation is made. They concluded that unless the informa-
tion model is flexible in supporting use of clinical pathways
in an accessible way, with methods where the professionals
are part of the construction, system-level inertia from pro-
fessional roles, administration systems, payment systems,
and poor information technology will prevent health care
development.

Reuse of data has been of interest in (pharmaco) epide-
miology. Projects such as the Observational Medical
Outcomes Partnership (OMOP) have demonstrated the value
of these data compared to more traditional databases.>® The
Observational Health Data Sciences and Informatics (OHDSI)
collaborative is a volunteer collaborative international net-
work of researchers and is the successor of OMOP.>® OMOP
facilitates the transformation of data contained in different
health care databases into a harmonized format (Common
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Data Model [CDM]), and uses common representations (ter-
minologies, vocabularies, and coding schemes). Health data
include insurance claims, EHR, and hospital billing data. The
CDM makes large-scale analytics possible, allowing access to
billions of deidentified health records for observational
health research.3’” A fundamental tool developed from
OMOP is the Standard Vocabulary, based on global standards
such as SNOMED CT and LOINC, which enables interopera-
bility between systems.® OMOP is an overall CIM, whereas
DCIMs are more detailed CIMs of concepts which are also
present in OMOP. For example, OMOP has a concept “obser-
vation” and the DCIM Blood Pressure is a detailed elaboration
of the OMOP observation Blood Pressure.

Our results contribute to the European discussion on the
use of different interoperability standards across Europe and
supports the importance of standardized taxonomies such as
SNOMED CT.3° No comparable studies in other countries
have been found, yet our approach could be used in analo-
gous efforts in other countries exploring the use of DCIMs.

Strengths of this Study

A strength of this study is that a detailed analysis has been
executed of 5,106 elements of 31 NQRs. In the Netherlands
there are currently around 60 NQRs for different diseases, so
this research covers about 50% of all Dutch NQRs. Another
strength is that the mapping method is reproducible, as each
mapping was executed by the same small overall study team.
In weekly meetings all questions that came up during
mapping were discussed with the overall study team, to
make sure all decisions were made consistently throughout
the whole study. For example, how to discern whether
imaging has taken place before or after a procedure or how
to make a distinction between first operation and revision
surgery.

Limitations of this Study

Although about half of all NQRs participated, there was a
slight overrepresentation of oncological NQRs. Furthermore,
this study is limited to the development and application of a
mapping methodology of hospital data and no implementa-
tion has taken place during this study. As hospitals only
implemented the Basic Set DCIMs, we can start using a part of
the results of this study in day-to-day practice.

Lessons Learned from Current Practice in the
Netherlands

For data reuse in health care, the words “Registration at the
Source” have a widespread use in the Netherlands. However,
the focus in most projects is still on single-use perspectives
instead of multiple-use purposes. Unfortunately, the COUMT
paradigm is not yet seen as fundamental in many of the
current nationwide projects. Also, making the data FAIR (i.e.,
meeting the principles of Findability, Accessibility, Interop-
erability, and Reusability)* is unfortunately not yet a goal for
EHR systems in the Netherlands. The Netherlands has an
oligopoly of hospital EHR vendors and thus multiple EHR
systems; this fragmentation delays implementation of (inter)
national standards and DCIMs.*'
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To make reuse of data possible, some adjustments are
needed. EHR systems should be upgraded from digital
notebooks or financial registration systems to systems that
support the clinical pathway and workflow for each
patient.*> As mentioned above, tracking and tracing of a
data element that is registered in the EHR is another prereq-
uisite. Furthermore, to increase semantic interoperability,
the use of standard code lists and international terminolo-
gies such as SNOMED-CT and LOINC should be obligatory in
order to achieve a common vocabulary.*® Structured and
standardized reporting and documentation is preferred
when reuse of data is desirable. Research has shown that
structured documentation can improve provider efficiency,
decrease documentation time,** and increases the quality of
notes in the EHR.*> The adoption of structured reporting by
health care professionals is related to usability and compli-
ance to the clinical pathway and the workflow.

Anational agreement on the leading principle of COUMT for
the use and implementation for DCIMs and (inter)national
code lists is needed. To confirm the feasibility and added value
of COUMT for health care data, it is recommended to start with
the implementation of at least the five most important DCIMs
(Problem, Procedure, Patient, Laboratory Test Result, and
General Measurement) for NQRs. This means that EHR systems
and NQRs should be adapted accordingly.

Future Research

High-quality machine-readable data have the potential to
increase safety and quality of care, allow near real-time
feedback for NQRs, reduce the administrative burden, and
eventually reduce costs. This study is the first step in apply-
ing DCIMs to NQRs. Efforts should be made to evaluate the
coverage and use of DCIMs for other NQRs and also for
different use cases, such as research purposes and in other
health care segments such as primary care, mental care, etc.
Another study to analyze the coverage for other NQRs, using
the same mapping method, has already started. The results of
our study raise questions for future studies about the bene-
fits and pitfalls of implementation of DCIMs in different areas
while taking the COUMT paradigm as an overarching goal.
These questions include for example the effect of structured
documentation systems on time and effort and also the
possible short-cycle data feedback and verification possibili-
ties with NQRs based on EHR data. Future research would
also benefit from studying the most efficient adjustment of
NQRs to a DCIM format and implementing the most impact-
ful DCIMs in a controlled setting in EHR systems.

Conclusion

This study shows the potential of using existing DCIMs for
data capture for NQRs, gives direction to further implemen-
tation of DCIMs in the Netherlands, and facilitates the set-up
for new NQRs according to DCIMs. In addition, this method
can be used for other domains, such as primary care or
mental health care and other purposes such as research. The
next step will be the validation of this work in practice, by
applying DCIMs in EHRs and adapting NQRs to DCIMs
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following the COUMT paradigm. Given the current lack of
reusability of data and poor interoperability across EHRs, a
transition to COUMT is needed and only feasible with
national orchestration.

Clinical Relevance Statement

The reuse of health care data for various purposes will
become increasingly important in the future. Reuse of EHR
data is possible when the COUMT paradigm is followed and
CIMs are implemented. The potential of using existing DCIMs
for 31 NQRs is high. Implementing DCIMs could potentially
reduce the administrative burden substantially. In addition,
reuse of data by implementing the DCIMs will also allow near
real-time feedback and contribute to patient safety and
quality of care. The described method can also be used for
other domains, such as primary care or mental health care
and other purposes such as research.

Multiple-Choice Questions

1. Which of the statements about reusing electronic health

record (EHR) data is true?

i. Reusing EHR data for national quality registries is
common practice in the Netherlands.

ii. The potential of reusing EHR data is high for national
quality registries.
a. lis true, II is false.
b. l'is true, Il is true.
c. lis false, I is false.
d. I is false, I is true.

Correct Answer: The correct answer is option d. The
potential of reusing EHR data for national quality
registries is high, but is not yet common practice in
the Netherlands.

2. When mapping the data elements for a national quality
registry to clinical information models do we have to take
the clinical pathway into account?

a. No, just mapping the data elements is sufficient.

b. No, this is only necessary if patients have recurrent
diseases.

c. Yes, this is needed to specify the exact needed data
element.

d. Yes, this is needed because often different clinicians
treat one patient.

Correct Answer: The correct answer is option c. Including
the clinical pathway in the mapping method is needed in
order to specify the required data element exactly as
described in the section “Mapping Method Step-by-
Step” with the example of morbid obesity.
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