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Abstract 

Background:  The Observational Medical Outcomes Partnership (OMOP) Common Data Model (CDM) can be used 
to transform observational health data to a common format. CDM transformation allows for analysis across disparate 
databases for the generation of new, real-word evidence, which is especially important in rare disease where data are 
limited. Pulmonary hypertension (PH) is a progressive, life-threatening disease, with rare subgroups such as pulmo‑
nary arterial hypertension (PAH), for which generating real-world evidence is challenging. Our objective is to docu‑
ment the process and outcomes of transforming registry data in PH to the OMOP CDM, and highlight challenges and 
our potential solutions.

Methods:  Three observational studies were transformed from the Clinical Data Interchange Standards Consortium 
study data tabulation model (SDTM) to OMOP CDM format. OPUS was a prospective, multi-centre registry (2014–
2020) and OrPHeUS was a retrospective, multi-centre chart review (2013–2017); both enrolled patients newly treated 
with macitentan in the US. EXPOSURE is a prospective, multi-centre cohort study (2017–ongoing) of patients newly 
treated with selexipag or any PAH-specific therapy in Europe and Canada. OMOP CDM version 5.3.1 with recent OMOP 
CDM vocabulary was used. Imputation rules were defined and applied for missing dates to avoid exclusion of data. 
Custom target concepts were introduced when existing concepts did not provide sufficient granularity.

Results:  Of the 6622 patients in the three registry studies, records were mapped for 6457. Custom target concepts 
were introduced for PAH subgroups (by combining SNOMED concepts or creating custom concepts) and World 
Health Organization functional class. Per the OMOP CDM convention, records about the absence of an event, or the 
lack of information, were not mapped. Excluding these non-event records, 4% (OPUS), 2% (OrPHeUS) and 1% (EXPO‑
SURE) of records were not mapped.

Conclusions:  SDTM data from three registries were transformed to the OMOP CDM with limited exclusion of data 
and deviation from the SDTM database content. Future researchers can apply our strategy and methods in different 
disease areas, with tailoring as necessary. Mapping registry data to the OMOP CDM facilitates more efficient collabora‑
tions between researchers and establishment of federated data networks, which is an unmet need in rare diseases.
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Background
Evidence generated from observational, real-world data 
can be highly insightful and is increasing in impor-
tance, particularly in rare diseases where information is 
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limited [1–3]. The analyses of observational data, such 
as administrative claims databases, electronic healthcare 
records, or registries, offer the potential for patient and 
disease characterization, drug surveillance, and compari-
son of the effectiveness or safety of interventions [4–7]. 
The gathering and analyses of real-world data to pro-
vide real-world evidence has been identified as a major 
priority in the twenty-first Century Cures Act of 2016 
[8, 9] and in the concept paper for the proposed Cures 
Act 2.0 [10] in the US, with the aim of accelerating drug 
development and innovation. The analyses of data from 
multiple healthcare data sources can be an efficient and 
cost-effective approach for evidence generation [11]; 
however, it is difficult to combine data without losing 
information because each database has its own original 
purpose, objectives, structure, and terminology. A logical 
solution to address this problem would be to store data 
in a standardized format, such as a common data model 
(CDM). A CDM is an informational model that allows 
transformation of data contained in different databases to 
a common format, in which all coding and vocabulary are 
pre-specified and standardized [12], and can be applied 
to all data irrespective of product or therapy area. Trans-
forming data sources into CDM is a convenient way to 
allow analyses across multiple sources.

Several data networks have been established with a 
view to improving the standardization of observational 
healthcare data and to establish shared open-source 
tools that facilitate collaborative advancement of disease 
understanding and research. Examples include the Sen-
tinel initiative of the US Food and Drug Administration 
(FDA) and the European Union Adverse Drug Reactions 
(EU-ADR), which were both developed to monitor medi-
cal products [13–15], as well as the European Network of 
Centres for Pharmacoepidemiology and Pharmacovigi-
lance (EnCePP), the National Patient-Centred Clini-
cal Research Network (PCORnet) and the Health Care 
Systems Research Network (HCSRN; formerly HMO 
Research Network) [16–18]. Similarly, the Observational 
Medical Outcomes Partnership (OMOP), a public-pri-
vate partnership between the FDA, academic institutions, 
database owners, and pharmaceutical companies, and the 
subsequent Observational Health Data Sciences Infor-
matics (OHDSI) collaborative aimed to utilize existing 
observational healthcare data for safety surveillance [19–
22]. Most of the above-mentioned networks have devel-
oped their own CDM to meet their aims.

Studies comparing different CDMs showed that the 
OMOP CDM met most of the desired criteria (including 
content coverage, integrity, flexibility, ease of querying, 
standards compatibility, and ease/extent of implemen-
tations, privacy and linkage) for data sharing and across 
use cases [23, 24]. All other investigated CDMs (FDA 

Mini-Sentinel/Sentinel, PCORnet, and the Clinical Data 
Interchange Standards Consortium study data tabulation 
model (SDTM) – which is the established standardized 
format and organization of clinical trial data [25]) scored 
lower for observational healthcare data than the OMOP 
CDM for content coverage, cost or clinical outcome 
measures, data linkage and/or case definition [23, 24]. 
Advantages of standardizing to the OMOP CDM include 
that users do not need to understand all database-spe-
cific schema details, firmly controlled terminology exists 
making datasets within the OMOP CDM comparable, 
and the concepts are freely available for researchers to 
access. Furthermore, in a replication analysis it has been 
reported that up to 80% less programming time was 
required in OMOP CDM than in the raw data [26].

Pulmonary hypertension (PH) is a progressive and ulti-
mately fatal disease, which is classified into five clinically 
diverse groups, including the rare subgroups pulmo-
nary arterial hypertension (PAH) and chronic throm-
boembolic pulmonary hypertension (CTEPH) [27]. In 
PH, there are a number of recently completed and cur-
rently ongoing registries, which are formatted to the 
SDTM. Registries are vital sources of information that 
can provide insight into the characteristics and longitu-
dinal trends of a specific patient population [28, 29]. The 
OPsumit® USers (OPUS) registry (NCT02126943) was a 
prospective drug registry initiated in response to an FDA 
post-marketing requirement to characterize the safety 
profile of the endothelin receptor antagonist, macitentan, 
in a real-world setting. The OPsumit® Historical USers 
(OrPHeUS) cohort study (NCT03197688) was a retro-
spective medical chart review designed to supplement 
OPUS with data from additional patients to achieve the 
necessary sample size for the primary outcome. EXPO-
SURE is an ongoing, international, multicentre, prospec-
tive, real-world, observational study (EUPAS19085) in 
patients with PAH following marketing authorization 
of the IP-receptor agonist, selexipag, by the European 
Medicines Agency (EMA). To date, predominantly large 
administrative claims or electronic medical records data-
bases have been converted to a CDM [6, 7, 26, 30, 31], 
while the mapping of registries has been seldom under-
taken and presents additional challenges compared with 
coded databases. One study has mapped the German PH 
registry to the OMOP CDM from source data in Micro-
soft Access with limited details [32] and a second study 
has described the harmonization of data from the US-
based SEARCH diabetes registry and the observational, 
multi-centre youth diabetes registry of patients in India 
to the OMOP CDM; however, the standardization pro-
cess itself was not described [33].

The SDTM is the standard format used for clinical 
trial data and while it defines a standard structure for 
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its tables and its framework allows flexibility, this struc-
ture is achieved through the wider availability of tables 
and columns following suggested patterns and these are 
tailored to clinical trial data. In contrast, the core struc-
ture of the OMOP CDM is fixed and the number of 
tables, and their respective fields, are finite, which allows 
for easier and consistent application development due 
to the underlying rigidity of the data model. Moreover, 
the OMOP CDM was designed for observational data 
(including claims and electronic healthcare records), and 
a number of observational healthcare databases have 
already been mapped to OMOP CDM, including a PH 
registry [30–32, 34–36]. In addition, a study comparing 
the utility of various CDMs for the purposes of compara-
tive effectiveness research found the OMOP CDM to be 
the best-suited [37]. Importantly, in recent years, there 
has been evolution towards federated networks that 
foster research using disparate databases and are there-
fore in need of standardised data assets. Federated data 
networks, such as the European Health Data Evidence 
Network (EHDEN) [38], are considered as the future for 
research collaboration and real-world evidence genera-
tion in rare diseases. Therefore, the mapping of PH reg-
istry databases to the OMOP CDM allows researchers 
to use a wider base to generate more robust conclusions, 
as they can perform analyses across the many disparate 
real-world data assets available in OMOP CDM format. 
This can represent a particular advantage in a disease 

like PH, as it is comprised of rare and diverse subgroups 
[1, 27]. The data available on PH subgroups are limited; 
databases of patients with PH and its subgroups are often 
small and from disparate regions, without the possibility 
of readily pooling the data. We aim to describe our expe-
rience in transforming data from the OPUS, OrPHeUS 
and EXPOSURE observational studies from the SDTM to 
the OMOP CDM, and to highlight the benefits and chal-
lenges to this novel process.

Methods
Data sources
Three registries, formatted to the SDTM, were converted 
to the OMOP CDM, and are summarized in Table 1. For 
all datasets, the raw data are available in SDTM format 
before patients are excluded based on eligibility criteria. 
The SDTM format is determined by the design of the 
study and case report form (CRF), for example, tick boxes 
or free text and mandatory or optional fields. Therefore, 
all events are captured in SDTM, including those per-
formed (e.g., ‘yes’ selected, or box ticked) and not per-
formed (e.g., ‘no’ selected, or box left unticked), since it 
is of interest to these studies whether an assessment was 
performed. The flexibility of free text and optional fields 
means that there are sometimes missing or partially 
missing data in the SDTM.

The OPUS, OrPHeUS and EXPOSURE registries were 
reviewed and approved by the relevant ethics committee/

Table 1  Overview of the OPUS, OrPHeUS and EXPOSURE databases

a Data cut-off for this analysis was 30 Nov 2019

Percentages might not add up to 100.0% due to rounding

MedDRA Medical Dictionary for Regulatory Activities; OPUS OPsumit® USers OrPHeUS OPsumit® Historical USers; PH pulmonary hypertension; PAH pulmonary arterial 
hypertension; SD standard deviation; USA United States of America; WHODrug World Health Organization Drug Dictionary

OPUS OrPHeUS EXPOSURE

Study identifier NCT02126943 NCT03197688 EUPAS19085

Study type Multi-centre, prospective drug registry 
of PH patients newly treated with 
macitentan

Multi-centre, retrospective medical 
chart review of PH patients newly 
treated with macitentan

Multi-centre, prospective cohort study 
of patients with PAH newly treated with 
either selexipag or any other PAH-
specific therapy

Region USA USA Europe and Canada

Date ranges Apr 2014 – Apr 2020 Oct 2013 to Mar 2017 Sept 2017 – ongoinga

Patients in database, N 2722 3142 758

Age at enrolment in 
database, mean (SD), 
years [N]

60.93 (14.15)
[N = 2682]

60.21 (15.06)
[N = 3060]

59.96 (15.07)
[N = 752]

Gender, %

  Female 71.6 72.2 68.6

  Male 26.9 25.2 31.3

  Missing 1.4 2.5 0.1

Source data format

  Conditions MedDRA and free text MedDRA and free text MedDRA and free text

  Drugs WHODrug and free text WHODrug and free text WHODrug and free text
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Institutional Review Boards for each respective database. 
Patients in OPUS and EXPOSURE provided informed 
consent for their protected, anonymized health informa-
tion to be stored in a computer database and analysed 
by researchers and healthcare professionals, and for the 
results of these analyses to be published. The require-
ment for informed consent was waived for OrPHeUS to 
enable inclusion of patients who had died in this retro-
spective observational study.

OMOP CDM
The OMOP CDM is a patient-centric model, meaning 
that every clinical event has, at a minimum, a patient 
identifier (ID number guaranteeing anonymity) and a 
date. This also allows healthcare events to be viewed over 
a given time horizon for each individual [22, 37]. Table 2 
defines the key terms used in OMOP CDM. Patient and 
medical information are organized into ‘domains’ in the 
OMOP CDM, which are stored in domain-specific tables 
and fields, and examples include a drug domain or con-
dition domain. In turn, these domain-specific tables 
are populated with ‘standard concepts’, which have a 
unique domain assignment dictating the table that it is 
recorded in [22, 37]. In the OMOP CDM, the content 
of each patient record is transformed to the machine-
readable format so that they are represented as ‘concepts’, 
which are stored in CONCEPT table [22, 37]. The tables 
within the OMOP CDM contain equivalent information 
recorded in multiple ways at once: as a ‘source value,’ a 
‘source concept,’ and as a ‘standard concept’ (Table 2) [22, 
37]. The OMOP standardized vocabulary is a common 
repository of all OHDSI-supported vocabularies and 

ensures standardization (Table 2) [22, 37]. The standard 
tables contained in the OMOP CDM are shown in Fig. 1.

Sample selection
In order to map the data in the registries to the OMOP 
CDM, patients with important data completely missing 
(such as birth year, or treatment start and end dates) were 
excluded as well as those who violated inclusion/exclu-
sion criteria of the original registry (but were mistakenly 
enrolled before being excluded from further data entry, 
and thus had partial data in the SDTM database). These 
patients were not part of the target population for the 
registry. Duplicate records for the same patient within 
a registry were also excluded. For the OrPHeUS and 
OPUS finalized studies, mapping to OMOP CDM was 
performed initially in September 2019 and with the final 
data mapped in October 2020. The EXPOSURE data-
base was first mapped in August 2019, with a refresher 
in December 2019. An annual data refresh is planned for 
EXPOSURE, which is an ongoing study.

Mapping methods
The tools and programs used for the mapping process are 
summarized in the Supplementary Appendix. The fol-
lowing roles were required for expertise in the different 
parts of the mapping process: project manager; epidemi-
ology data analyst; biostatistician, developer; tester; med-
ical terminologist; medical expert; source data expert, 
and observational data scientist.

An overview of the 7-phase process of mapping reg-
istry data in the SDTM format to the OMOP CDM is 
shown in Fig.  2 and further details are in the Supple-
mentary Appendix. In the first, pre-analysis phase, 

Table 2  Definitions of OMOP CDM terminology

ICD International Classification of Disease; MedDRA Medical Dictionary for Regulatory Activities; OMOP CDM Observational Medical Outcomes Partnership common 
data model; SNOMED Systematized Nomenclature of Medicine Clinical Terms

Definition

Standardized vocabulary A common repository of all terminologies used within the OMOP CDM consolidated into a common format

Concept A term defined in a medical terminology

Source values The verbatim representation of an event record in the source data using the original codes from public code systems (e.g. 
ICD, National Drug Code, Current Procedural Terminology 4th edition) or locally controlled vocabularies that are not used in 
analysis and only provided for convenience and quality purposes

Source concepts Source concepts represent the terms in the common healthcare terminology systems that were used in the source data‑
base, and are often found in the OMOP vocabularies as non-standard concepts

Standard concepts Standard concepts are the respective target concepts that define the unique meaning of a clinical entity and are typically 
drawn from existing public terminologies such as SNOMED or created within OMOP as extension concepts if no suitable 
target is available

Custom concepts Clinical terms that are custom generated for information that is not represented in the standardized vocabulary

Classification concepts These are non-standard concepts that do not represent the data in the OMOP CDM, but instead are part of the standard 
concepts hierarchy, and can be used for hierarchical queries to search for a certain concept. They can be used for analysis, 
but they have no full equivalent ‘maps to’ links to standard concepts. Hence, classification concepts, such as MedDRA terms, 
require a degree of manual mapping
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source documentation and the SDTM were reviewed 
and a list of questions to discuss with the source data 
experts was prepared. From this, initial matching of 
source tables to OMOP CDM tables was performed 
and a list of custom vocabularies and sets of values to 
be custom mapped by medical experts was determined. 
The custom mapping of source values was performed 
when source concepts and/or codes were not available 
with equivalent standard concepts in the standard-
ized OMOP CDM vocabularies. A specific example of 

mapping source tables to OMOP CDM tables is shown 
in Fig. 3. Currently, all-level MedDRA terms, which are 
used in the OPUS, OrPHeUS and EXPOSURE data-
bases, are not an OHDSI-supported vocabulary but are 
considered ‘classification concepts’ (Table 2) in OMOP. 
As classification concepts, MedDRA terms have no full 
equivalent ‘maps to’ links to standard concepts, mean-
ing that the MedDRA codes have no direct transla-
tion to OMOP standardized vocabulary for conditions 
and laboratory data (SNOMED, LOINC) and, thus, a 

Fig. 1  Standardized tables and vocabularies available in the OMOP CDM. Tables and vocabularies in grey were not populated/used during this 
analysis. Table adapted from The Book of OHDSI, chapter 4 [39]. OMOP CDM, Observational Medical Outcomes Partnership Common Data Model
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degree of manual mapping was required. This process is 
described in further detail in the results.

As the OMOP CDM requires complete dates, impu-
tation rules were developed where this information 
was missing. Complete or partial (only year or year 
and month available in original record) missing dates 
for adverse events, laboratory tests, medical history, 
medications, hospitalizations, assessments and proce-
dures were imputed. In addition, custom concepts were 
generated to capture information such as adverse event 

severity and causality, for which the OMOP CDM lacks 
a way to capture concisely.

Data refreshes (e.g., for EXPOSURE) involve similar 
steps to the original mapping. The version of the OMOP 
vocabulary is updated, if required, and the source data 
are closely examined for any significant changes com-
pared with the initial data set. Unknown source codes are 
extracted, as well as any codes that have changed their 
description, and mapping is provided for these codes. 
The mapping is aligned to the current conventions and 

Fig. 2  An overview of the process of mapping registry data to the OMOP CDM. CRF, case report form; ETL, Extract, Transform, Load; HTML, 
Hypertext Markup Language; OMOP CDM; Observational Medical Outcomes Partnership Common Data Model; QA, quality assessment; QC, quality 
control; SAP, statistical analysis plan; SDTM, study data tabulation model; UAT, user acceptance testing
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ETL specifications, and the custom concepts, CON-
CEPT_RELATIONSHIP and CONCEPT_ANCESTOR 
tables are rebuilt. Finally, the ETL code is adjusted and 
run on the new data.

Quality assessment methods
Descriptive summary statistics were obtained for the 
SDTM and OMOP CDM data sets, programmed in R 
(version 3.4.3), to compare consistency between source 
data and mapped data.

Results
Database‑specific information
Of the 2722, 3142, and 758 patients in OPUS, OrPHeUS, 
and EXPOSURE, respectively, a total of 132 were 
excluded for violating original study inclusion/exclu-
sion criteria and 33 were excluded due to OMOP CDM 
mapping conventions (Table  3). To note, the number 
of patients who were excluded due to violation of the 

original study inclusion/exclusion criteria was lower for 
EXPOSURE as all but one patient who were mistakenly 
enrolled in EXPOSURE were deleted from the electronic 
data capture prior to transfer of data to the SDTM data-
base. The total number of mapped patients was 6457 

Fig. 3  Example mapping from the OPUS SDTM-format database to the OMOP CDM. For instances where source tables have multiple options for 
OMOP CDM tables, a decision on which OMOP CDM table to store the record in is decided on a case-by-case basis using OMOP CDM conventions, 
if available, or customization. AE, adverse event; CM, concomitant medication; DD, death details; EX, exposure to study medication; LB, laboratory 
data; MH, medical history; OMOP CDM, Observational Medical Outcomes Partnership Common Data Model; VS, vital signs; XP, pulmonary arterial 
hypertension

Table 3  Data exclusion in the mapping process to the OMOP 
CDM

OMOP CDM Observational Medical Outcomes Partnership common data model; 
OPUS OPsumit® USers; OrPHeUS, OPsumit® Historical USers

OPUS OrPHeUS EXPOSURE

Patients in database, N 2722 3142 758

Patients violating original 
study inclusion criteria, n (%)

46 (1.7) 85 (2.7) 1 (0.1)

Patients excluded during 
mapping to OMOP CDM, n 
(%)

2 (0.1) 25 (0.8) 6 (0.8)

Total patients mapped, n (%) 2674 (98.2) 3032 (96.5) 751 (99.1)
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(Table  3). The main challenges and solutions, described 
herein, are summarized in Table 4.

Applied imputation rules
Workshops were scheduled with the registry study team 
members to define imputations rules, with our highest 
priority being to keep imputation rules as consistent as 
possible across the three registries. Existing imputation 
rules were used if available and appropriate (e.g., from 
the statistical analysis plan of the individual registry), and 
new imputation rules were developed by considering the 
unique study design and the CRF structure. Imputation 
rules were mainly developed based on the following four 
strategies: i) extraction of dates from free text fields (in 
instances where the date and timestamp are stored in the 
database as a text value); ii) usage of time points avail-
able in the SDTM (e.g., ‘before patient discontinuation’ 
or ‘within 3 months of baseline’); iii) imputation based 
on the previous interval of taking a certain drug; iv) com-
parison of the year and/or month of a medical event with 
pre-defined reference time points such as date of death, 
drug initiation or end date, date of last available informa-
tion or last follow-up visit, and end of study date.

For example, laboratory test dates were imputed as 
follows: if the SDTM time point for drug initiation was 
present and had, for example, the same month and year 
as the laboratory test date then the missing date was 
imputed with the drug initiation date. If the laboratory 
test time point was the last available information before 
study end then the missing date was imputed with either 
the drug end date or study end date, whichever occurred 
first. In addition, imputation of drug initiation dates was 
performed as follows: if the day and/or month was miss-
ing and the year was available, then the missing date was 
imputed with the first day of that month (for missing 

day only) or 1 January (for missing day and month) for 
the same year. However, if this date was before the end 
date of the previous drug interval, then the drug initia-
tion date was imputed with the end date of the previous 
drug plus 1 day.

Furthermore, for patients with recorded death in the 
database, but with a partly or completely missing date of 
death, the date of death for patients was imputed based 
on several algorithms. Firstly, the date of death may have 
been available in the following sources: the study CRF, 
the drug safety database or as the date of an adverse 
event with a fatal outcome; if available, a partially miss-
ing date (day, month and/or year) was gathered from 
these sources. Secondly, if several possible dates from the 
same patient had the same number of missing parts (day 
and/or month), then the following hierarchy was applied: 
death details from the study CRF; adverse events with a 
fatal outcome from the study CRF; death details from the 
drug safety database. Finally, in cases where the date of 
death had still not been determined, it was imputed with 
the date of last available information. For partially miss-
ing dates where the imputed death date occurred prior to 
the date of last available information, then the imputed 
death date was replaced with the date of last available 
information.

Mapping process and customization
Some of the registry data captured in SDTM format 
could not be fully accommodated in the OMOP CDM 
design, and had to be stored in the OMOP CDM without 
adjustment of additional tables or fields. Table 5 contains 
the most frequent cases and ways in which this informa-
tion was transferred and stored in the OMOP CDM.

To map MedDRA codes to standard concepts, mapping 
automation from the unified medical language system to 

Table 4  Summary of the main challenges involved in mapping registry data to the OMOP CDM, and their solutions

ICD International Classification of Disease; MedDRA Medical Dictionary for Regulatory Activities; OMOP CDM Observational Medical Outcomes Partnership common 
data model; SNOMED Systematized Nomenclature of Medicine Clinical Terms

Challenge Solution

Mapping incomplete dates Create standardized imputation rules to ‘restore’ missing dates

Mapping of MedDRA codes (classification concepts) to standard concepts Automated mapping from the unified medical language system to the ICD-
10, ICD-10-Clinical Modification or SNOMED vocabulary with crosslinks and 
name matching, followed by further expert review and additional manual 
mapping

Mapping of free text e.g. from medication tables Free text extracted, custom mapped and contextualized via CONCEPT_
RELATIONSHIP and CONCEPT_ANCESTOR tables

Mapping of non-existing OMOP vocabulary e.g. PH subgroups Used either a combination of SNOMED concepts (e.g. PAH and underlying 
cause), or a new custom concept (e.g. drug- and toxin-induced PAH)

Mapping information that is related to another piece of information e.g. 
severity of an event

Separate clinical facts are stored in their appropriate domain and a link is 
added in the FACT_RELATIONSHIP table

Capturing the information that a procedure was not performed This information was excluding from mapping, per the OMOP convention, 
but is planned for mapping in a future update
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the ICD-10/ICD-10-Clinical Modification or SNOMED 
vocabulary with crosslinks and name matching, with 
further expert review and additional manual mapping 
were performed. Concomitant and study medication 
data were encoded in the source data using the World 
Health Organization Drug Dictionary (WHODrug) 
vocabulary, which is not an OHDSI-supported vocabu-
lary. In addition, the free text from medication tables as 
well as, for example, adverse events, laboratory tests, rea-
sons for death, medical history, clinical events (that were 
not MedDRA coded) were required to be extracted and 
custom mapped, and contextualized via CONCEPT_
RELATIONSHIP and CONCEPT_ANCESTOR tables if 
needed.

OMOP standardized vocabulary was used during the 
mapping process, and custom concepts were only gen-
erated when granular information could not be accu-
rately mapped with existing vocabulary (such as for the 
different subgroups of PAH). In these cases, either a 
combination of SNOMED concepts was used for differ-
entiation, e.g., PAH associated with connective tissue dis-
ease required PAH plus connective tissue disease overlap 
syndrome, or for PAH associated with congenital heart 
disease, PAH plus history of surgically corrected congen-
ital heart defect was required. When mapping was not 
possible, custom concepts were introduced, such as for 
the disease subgroups of drug- and toxin-induced PAH 
and PH with unclear and/or multifactorial mechanisms 
(Group 5). Similarly, the standardized vocabulary did not 
contain an appropriate target concept for WHO func-
tional class, which is used to assess the severity of PH, 
and custom concepts were introduced to address this.

All custom concepts were incorporated into the con-
cept’s hierarchy, with custom CONCEPT_RELATION-
SHIP and CONCEPT_ANCESTOR tables. This process 
allows users to easily identify relationships between 
variables, e.g., between conditions and subclasses of 
conditions, which facilitates the identification of specific 
patient cohorts for further analysis. The custom con-
cept ‘drug- and toxin-induced PAH’, for instance, was 
integrated into the vocabulary as a descendent of the 
standardized standard concept ‘PAH.’ However, custom 
concepts operate only in the CDM instance, or group of 
instances, they were introduced to and cannot be used in 
the OMOP network studies. Once the OHDSI commu-
nity identify the need for wide usage, these concepts can 
be integrated to the official OMOP vocabulary.

FACT_RELATIONSHIP tables were used to capture 
clinical information such as aetiology, and create links 
between treatment and an additional characteristic of 
an event, such as severity, reasons for dose change, hos-
pitalization (causality), and the outcome of the adverse 
event. First, the separate clinical facts were stored 

in their appropriate domains, and second, the link 
between them was added in the FACT_RELATION-
SHIP table.

With respect to the measurement and condition tables, 
the OMOP CDM does not differentiate between pro-
cedures or conditions that were not performed or not 
reported. The OMOP CDM convention is to only include 
events that have actually occurred; records about the 
absence of an event, or the lack of information, were, 
therefore, not mapped to the OMOP CDM.

Quality assessments
The mapping process resulted in limited data exclusion, 
but a considerable consolidation of information (Table 3); 
most information was able to be supported by the OMOP 
CDM, either directly, or indirectly, via customization.

For condition codes, 10,659, 4013, and 449 unique 
source values (MedDRA codes or unique wording) were 
in the OPUS, OrPHeUS and EXPOSURE databases, 
respectively (Table 6). In the mapping process, if source 
values were the same, but appeared in different word-
ing, they were mapped to the same concept_ID; accord-
ingly, only 3698, 2704 and 337 unique concept_IDs 
were included in the OMOP CDM as a result of cross-
linking, name matching, and custom mapping, for the 
OPUS, OrPHeUS and EXPOSURE records, respectively 
(Table  6). Therefore, 65% (OPUS), 33% (OrPHeUS) and 
25% (EXPOSURE) of source values for condition codes 
were redundant and mapped to an existing concept_ID 
during this consolidation process. In total, 199,165 
unique source records for condition codes were mapped 
to 108,657 unique OMOP CDM records (Table 6). Simi-
larly, for drug codes, 51,612 unique source records were 
mapped to 46,360 unique OMOP CDM records (Table 6).

The total percentage of excluded records from OPUS, 
OrPHeUS and EXPOSURE when mapping to the OMOP 
CDM was 35%, 7% and 52%, respectively (Supplementary 
Tables  1–3). The high percentage of records excluded 
from the OPUS and EXPOSURE databases was due to 
the large number of records in the clinical events table 
that were either marked as ‘unknown’ or ‘not occurred’ 
(as a result of simply being left un-ticked and translated 
into SDTM as a record showing that the event did not 
occur) and, thus, were not incorporated, as per OMOP 
CDM convention. The proportion of records that were 
not mapped as a result of being ‘unknown’ or ‘not done’ 
or having ‘not occurred’ is shown in Supplementary 
Tables 4–6. When these non-occurring events and event 
records with information that was irrelevant to analy-
ses were excluded from calculations, 4% (OPUS), 2% 
(OrPHeUS) and 1% (EXPOSURE) of records were not 
mapped (Supplementary Tables 1–3).
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Discussion
In this study, novel approaches for converting SDTM data 
from three registry databases to the OMOP CDM were 
successfully developed and applied with limited deviation 
from the SDTM database content and very few records 
being excluded from mapping. This approach addresses 
a need for combining real-world data of patients with 
rare diseases for the purpose of evidence generation and 
could serve as reference for future researchers wishing to 
undertake similar data mapping projects.

Records from a total of 6457 patients in the OPUS 
(n  = 2674), OrPHeUS (n  = 3032), and EXPOSURE 
(n = 751) databases were successfully mapped. In total, 
34.7% (OPUS), 67.4% (OrPHeUS) and 75.1% (EXPO-
SURE) of concept IDs for condition codes and 42.1% 
(EXPOSURE), 54.7% (OPUS) and 71.6% (OrPHeUS) of 
those for drug codes could be and were mapped to the 
OMOP CDM. There are several characteristics of reg-
istry data that explain these percentages. For example, 
the flexibility of SDTM clinical trial tabulation (e.g., free 
text and optional fields) means there are often missing 
or partially missing dates (obliging imputation rules), 
and there are often also multiple entries with the same 
meaning, which either have to be consolidated to the 
same concept ID or have to be differentiated through the 

use of FACT_RELATIONSHIP tables. Therefore, not all 
condition and drug codes could be mapped as unique 
entries with similar or identical meanings in the SDTM 
(for example, ‘unknown’, ‘unspecified’, ‘not available’ 
or ‘na’) mapped to the same concept_ID in the OMOP 
CDM. Consequently, there were fewer unique con-
cept_IDs compared with unique source concept_IDs and 
this reflects that data are stored in a more consolidated 
form in the OMOP CDM, rather than data loss. Imputa-
tion rules and custom concepts were introduced to help 
achieve limited data exclusion. Imputation rules allowed 
for the retention of records with incomplete or miss-
ing dates, which are inherent to observational studies. 
Missing dates were especially prevalent in the OrPHeUS 
database wherein data were collected retrospectively 
from existing records in medical charts, which could be 
incomplete. In addition, data points occurring before 
study baseline often have partial or completely missing 
dates. All mapping and imputation rules were compre-
hensively documented, and were as consistent as possible 
across the registries. There will always be a certain level 
of imprecision associated with any imputation method 
but such imputations would be needed for analysis of the 
data regardless of whether data has been transformed to 
the CDM. Moreover, making imputation rules integral to 

Table 6  Quality assessment results

a Unique custom concept_IDs that were only used on one database; OPUS and OrPHeUS used the same custom condition concept_IDs

The high percentage of records lost from the EXPOSURE database was due to the large amount of events in the clinical events table that were either marked as 
‘unknown’ or ‘not occurred’ and were thus not incorporated, as per OMOP CDM convention

For OrPHeUS condition codes, the number of unique OMOP CDM records is higher than the number of unique source records in the SDTM database because (i) there 
are very few events that are marked as ‘unknown’ or ‘not occurred’, hence the vast majority of events are mapped to OMOP CDM and (ii) some of the source records 
can be mapped to more than one target concept_IDs. For example, source code MedDRA 10057688 - ‘Catheter site discharge’ is mapped to 4249456 - ‘Complication of 
catheter’ and 4183956 - ‘Skin discharge’

For example: source code MedDRA 10057688 - Catheter site discharge is mapped to 4249456 - Complication of catheter and 4183956 - Skin discharge

OMOP CDM Observational Medical Outcomes Partnership Common Data Model; OPUS OPsumit® USers OrPHeUS, OPsumit® Historical Users

Condition codes OPUS OrPHeUS EXPOSURE
Unique source values in SDTM database, N 10,659 4013 449

Unique concept_IDs in OMOP CDM, n 3698 2704 337

Unique custom concept_IDs in OMOP CDM, n 6 6 5

Database-specific unique custom concept_IDsa, n 0 0 3

Unique source records in SDTM database, N 128,858 41,960 28,347

Unique OMOP CDM records, n 62,048 41,993 4616

Unique source records, n 55,789 41,608 4394

Drug codes OPUS OrPHeUS EXPOSURE
Unique source values in SDTM database, N 2768 894 2496

Unique concept_IDs in OMOP CDM, n 1514 640 1050

Unique custom concept_IDs in OMOP CDM, n 4 4 0

Database-specific unique custom concept_IDsa, n 3 0 0

Unique source records in SDTM database, N 26,276 16,498 8838

Unique OMOP CDM records, n 23,368 15,169 7823

Unique source records, n 23,083 16,005 7537
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the mapping process facilitates consistent analysis of the 
data.

Rare disease aetiologies are often not fully represented 
in medical vocabularies such as ICD and, as a result, cus-
tom concepts were required for this registry mapping 
process. In the OMOP CDM the standardized vocabulary 
is generally limited for rare diseases or rare subgroups of 
diseases, as the OMOP CDM was originally developed 
for electronic health records and claims data, which are 
based on ICD and other administrative codes [40, 41]. 
Standardized SNOMED concepts, like other adminis-
trative codes, are limited in their level of granularity and 
do not cover all rare diseases and disease subgroups. 
For instance, specific ICD and SNOMED terms do not 
exist for the different subgroups of PAH. To maintain 
PH disease classification and its clinically diverse sub-
group information, custom concepts were introduced. 
An advantage of mapping multiple databases was that 
when a custom concept was introduced it could also be 
used for the mapping of subsequent databases. For exam-
ple, the custom concept for drug- and toxin-induced 
PAH was first introduced in the OrPHeUS mapping, and 
was then also applied in the mapping of the OPUS and 
EXPOSURE databases. This process was already estab-
lished by the HemOnc.​org working group, which intro-
duced vocabulary to standardize cancer conditions and 
treatments in the OMOP CDM that would allow struc-
tured analyses across registries [40, 41].

Limitations
Limitations of the OMOP CDM format and the mapping 
process should be considered in advance of future work 
in this area, and the present study aims to give research-
ers a better understanding of said challenges and limita-
tions. One limitation that researchers should consider 
is that several study groups may be mapping similar 
databases within the same disease area to OMOP CDM 
at the same time and using their own imputation rules 
and custom concepts. If such groups decide to collabo-
rate, workshop discussions may be required to reach an 
agreement and develop guidelines on the methods used. 
To minimise this, we propose that aetiologies, treatments 
and procedures for rare diseases should be incorporated 
into the OMOP standardized vocabulary. In addition, we 
propose that the OMOP standardized vocabulary should 
be updated to capture procedures that have conclusively 
not been performed.

Currently, the OMOP CDM mapping convention is 
to only translate events that have actually occurred (or 
procedures that have actually been performed) and, as a 
result, there were substantial differences in the number 
of source records that could be mapped to the CDM. 
For example, in the prospective OPUS and EXPOSURE 

databases, study sites were able to confirm if a condition 
was present with a tick (or absence of a tick if not) that 
is stored as ‘yes’ or ‘no’ in SDTM format. As a result of 
‘no’ answers not being mapped to the OMOP CDM, only 
43.3% and 15.5% of unique source records for conditions 
were mapped for OPUS and EXPOSURE, respectively. 
In contrast, 99.2% of conditions were directly mapped 
to OMOP CDM for OrPHeUS, in which data were col-
lected retrospectively and generally only conditions 
that had occurred were captured in the database. While 
these examples indicate consolidated data storage in 
the OMOP CDM,, it is well known that in clinical prac-
tice, assessments are often not systematically performed 
according to a strict protocol as in the case of randomized 
controlled trials [42] and it is sometimes advantageous to 
capture non-occurrence of events. Suggestions on how to 
retain this information (non-occurrence of events), when 
required, is available [43], but was not used in this work 
as recording the absence of events or conditions was not 
central to the aims of the original databases. It can pro-
vide valuable insights as, for example, the absence of an 
assessment could reflect real-world clinical practices or 
that the patient had severe disease, and this information 
will be mapped as part of our future work.

It is important to note that whilst we have performed 
quality checks on the mapped data, no research study 
has yet been performed on the mapped data in the 
OMOP CDM. Caution should be taken about the risk of 
oversimplifying interpretation of data and results after 
standardization. The mapping of OPUS, OrPHeUS, and 
EXPOSURE will allow us to perform many analyses in 
the common database structure. However, the choice of 
analysis should be carefully considered when dealing with 
multiple data sources in a CDM, as not all types of analy-
sis can be feasibly or meaningfully applied to every data 
source or study design. It is crucial, therefore, to retain 
a certain level of nuance between databases that were 
originally designed for different purposes. For instance, 
disease-specific test results, such as the 6-min-walk dis-
tance (in metres) in PAH, should be analysed in disease-
specific registries rather than in general administrative 
databases where such results are often not available or 
are incomplete. Similarly, claims and other administrative 
databases cover broader patient populations and, thus, 
are best positioned to compare a PH population with 
patients who have other types of respiratory disease or 
with ‘healthy’ patients.

Outlook and future work
Our customized mapping methodology offers a foun-
dation for future researchers wishing to map data from 
other registries or observational healthcare data sources. 
This foundation is of great value, particularly as no 

http://hemonc.org
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guidelines currently exist for the mapping of registry data 
to a CDM [32, 33]. One group has described the map-
ping of a single German PH registry to OMOP CDM but 
the details of the mapping process are largely limited to 
the ETL process [32]. Their process is ongoing and has 
involved adding 34 new concepts, 54 concept relation-
ships, and 68 concept ancestor entries to the vocabu-
laries, thereby achieving 100% coverage of the PH Nice 
classification in OMOP [32]. Continued sharing of meth-
odologies and experiences could help avoid duplication 
of effort, shape future guidelines and foster collabora-
tions. As such, we plan to collaborate with other research 
groups and external stakeholders that are interested in 
mapping registry data.

Within the OHDSI network, a working group is cur-
rently developing guidelines that may create a consen-
sus on how to transform clinical trial data [44] (e.g., 
define observation period, store severity/seriousness, 
trial outcomes, planned information, dispensed but not 
administered medication data). These guidelines are an 
expansion beyond the previous norm of the OMOP being 
claims-focused and are an important first step for the 
handling of data from research studies, and will be a great 
help, though may not capture all challenges in mapping 
registry data. Other useful resources for researchers are 
systematic analysis tools such as ATLAS, an open-source 
software, which allows users to perform cross-database 
observational analyses to generate real-world evidence 
from patient-level data, without writing any program-
ming code [45], and can then be applied in each data-
base mapped to the OMOP CDM format. To summarise, 
researchers wishing to map registries should consider 
these guidelines, along with the experience described 
herein and by other study groups.

Importantly, our results show that the OMOP CDM 
can be used to store registry data without loss of essen-
tial information, and therefore add to previous reports 
of OMOP CDM use for coded, structured data (such as 
claims of electronic health records data), to demonstrate 
the value of OMOP CDM. For ongoing database studies, 
we would recommend refreshing the mapping as new 
data become available, considering potential changes in 
the data itself as well as changes in how the data have 
been captured. These changes may require additional 
custom mapping (for example, if a new medication or 
procedure is introduced), new imputation rules and cus-
tomization of existing ETL logic and this could take time 
to discuss and implement. Mapping refreshes may also 
be performed when updates of the OMOP vocabularies 
are released. A study analysing the mapped data from the 
OPUS, OrPHeUS and EXPOSURE databases is needed 
and could be compared with existing, real-world, PH 
datasets such as those from the PHederation Network, 

for example [46]. In addition, our future work will 
include a study comparing SDTM- and OMOP CDM-
based analysis results to further understand the variances 
in the datasets and confirm if results from the mapped 
registries are robust and suitable for review by payers and 
researchers.

Conclusions
The success of our mapping process from the SDTM to 
the OMOP CDM in limiting exclusion of data has impor-
tant implications for the generation of real-world evi-
dence in both pulmonary hypertension and other rare 
diseases. Mapping registry data to the OMOP CDM facil-
itates more efficient collaborations between researchers 
and establishment of federated data networks, which is 
a major unmet need in rare diseases. Future researchers 
can apply our methods and solutions in mapping registry 
data in different disease areas with appropriate changes 
in customizations, as required by the nuances of the dis-
ease and/or study design.
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