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Abstract. Introduction: Real-world data (RWD) is gaining importance in research. 

For instance, the European Medicines Agency (EMA) is currently in the process of 

establishing a cross-national research network that utilizes RWD for research. 
However, data harmonization across countries must be carefully considered to avoid 

misclassification and bias. Objectives: This paper aims to investigate the extent to 

which a correct assignment of RxNorm ingredients is possible for medication orders 
that include only ATC codes. Methods: In this study, we analyzed 1,506,059 

medication orders from the University Hospital Dresden (UKD) and merged them 

with the ATC vocabulary in the Observational Medical Outcomes Partnership 
(OMOP) including relevant relationship mappings to RxNorm. Results: We 

identified 70.25% of all medication orders were single ingredients with direct 

mapping to RxNorm. However, we also identified a significant complexity in 
mappings for the other medication orders that was visualized in an interactive 

scatterplot. Discussion: The majority of medication orders under observation 
(70.25%) are single ingredients and can be standardized to RxNorm, combination 

drugs pose a challenge due to the different approaches of ingredient assignments in 

ATC and RxNorm. The provided visualization can help research teams gain a better 
understanding of problematic data and further investigate identified issues.  
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1. Introduction 

Real-world data (RWD) is health data that is routinely collected from multiple data 

sources during treatment and offers new research opportunities complementary to 

randomized controlled trials. Digitization is leading to the availability of electronic 

health records and are the catalyst for establishing retrospective research with RWD. 

Huge efforts are currently undertaken in Europe to benefit from RWD in research by 

establishing large, multi-national networks such as demonstrated by the European Health 

Data Evidence Network (EHDEN) [1]. Additionally, the European Medicines Agency 

(EMA) is currently in the process of establishing the Data Analysis and Real World 

Interrogation Network (DARWIN) to access and analyze healthcare data from across the 
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2. Methods 

This work is based on the medication order data from the University Hospital Carl 

Gustav Carus Dresden (UKD) from 2016 to 2020. It consists of 1,768,153 medication 

orders that have been already analyzed and improved in a previous work as described by 

Reinecke et al. [8]. For the present work, a subset of 85.18% (1,506,059) medication 

orders that has an ATC Level 5 code assigned, is used as input data. The most recent 

ATC vocabulary version from September, 07 2021 (version flag RxNorm 20210907) 

from the OHDSI ATHENA vocabulary service [10] containing 6,497 valid concepts has 

been imported into an OMOP database version 5.3.1. The required ATC to RxNorm 

vocabulary relationship information has been exported from the concept and 

concept_relationship tables in OMOP CDM for further exploration utilizing SQL 

statements. This export has been limited to the relationships of interest (“ATC -RxNorm 

pr up”, “ATC -RxNorm pr lat”, “ATC -RxNorm sec lat”,  “ATC -RxNorm sec up”) since 

those represent the relationships for active ingredients available as ATC codes and their 

related RxNorm ingredients in accordance to the official OHDSI ATC vocabulary 

documentation [11]. In a first step, the relationship information has been enriched to 

provide a single row for each ATC Level 5 code with at least one of the above-mentioned 

relationship types containing the number of relationships types each calculated as 

numerical value in a separate column. Additionally, the total number of existing 

relationships between ATC Level 5 code and RxNorm has been calculated and added 

into an additional column. Second, the medication orders have been transformed 

according to the drug_exposure table in the OMOP CDM. Third, medication data in the 

European Union with the goal of running large RWD studies to support regulatory 

decision-making [2]. The Observational Medical Outcomes Partnership (OMOP) 

Common Data Model (CDM), developed by the Observational Health Data Sciences and 

Informatics (OHDSI) community, is used by EHDEN and DARWIN and is becoming 

increasingly important for retrospective research with RWD [3]. A major challenge in 

harmonizing RWD from different sources and countries into a common data model is 

the transition of non-standardized data and terminologies into a standardized format and 

terminologies. However, these activities are necessary to ensure semantic 

interoperability within cross-country research networks [4,5]. The translation activity is 

subject of bias due to the risk of misclassification of clinical facts such as drug exposures 

because of multiple mapping options [6]. Medication data are very heterogeneous and 

need to be harmonized for the use in the OMOP CDM. It is necessary to use the 

mandatory standard terminology RxNorm. RxNorm is a standardized nomenclature for 

all clinical drugs in the United States provided by the U.S. National Library of Medicine 

[7]. Unfortunately, hospital information systems often document drug exposure as free 

text or with ingredient information only as Anatomical Therapeutic Chemical 

Classification (ATC) codes [8]. A major difference between the active ingredients in 

ATC and RxNorm is that a single ATC code can combine more than one active ingredient 

in one code, whereas in RxNorm each active ingredient is represented by a separate code 

[9]. Therefore, this paper reports on the evaluation of the fitness for use of ATC for 

research in the OMOP CDM by checking to what extent the correct active ingredient in 

RxNorm can be assigned unambiguously. We present a visualization solution that helps 

interdisciplinary teams to gain better understanding of their medication data in OMOP 

CDM, when source data only contains ATC codes and mapping to a standard 

terminology is required.  
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OMOP format has been merged with the transformed relationship information outcome 

from the first step. The three above described steps allow the determination of all ATC 

codes with a relationship to one or more RxNorm codes and show the challenges due to 

multi mappings during the transformation of medication orders. Since numerical results 

are rather confusing due to the high number of medical orders containing combination 

drugs, we developed an interactive visualization in addition to the table that contains the 

results. The visualization is designed interactively with search and hover capabilities to 

support identification of medication orders containing ATC codes that need special 

attention due to relationship complexity and high occurrence. Data analyzes and 

visualization has been implemented in Python Version 3.9.1 utilizing the following 

libraries: Pandas, Matplotlib and Bokeh. The complete source code and the interactive 

visualization can be accessed and downloaded on Zenodo [12].  

3. Results 

We identified 4811 ATC codes of the vocabulary (71.38%, 4811/6479) that have at least 

one mapping relationship to any of the 4 investigated types. The number of relationship 

mappings per ATC code can be large as exemplified in Table 1 for the 5 most frequent 

mapping relationship type combinations from a total of 363 different mapping 

combinations. There are 3655 (56.41%, 3655/6479) ATC codes with a single ingredient 

mapping to a RxNorm ingredient. ATC codes that contain combination ingredients can 

still have an exact mapping of ingredients to RxNorm, e.g.: J05AR13= “lamivudine, 

abacavir and dolutegravir; systemic” with relationships to the exact 3 RxNorm 

ingredients “abacavir”, “dolutegravir” and “lamivudine”. But there are more generic 

ATC codes with the primary ingredient mapped to RxNorm and additional ingredients 

unknown, e.g. ATC code C09BA05= “ramipril and diuretics” with a mapping to the 

RxNorm ingredient “ramipril” and 30 options for the diuretics. Thus, a specific mapping 

without the drug product information is not possible.  

 Table 1. Most frequent mapping combinations for ATC to RxNorm ingredient relationships 

Number of 

ATC codes 
(exist in RWD) 

ATC 

RxNorm  
pr lat 

ATC 

RxNorm  
pr up 

ATC 

RxNorm  
sec lat 

ATC 

RxNorm  
sec up 

# of Medication 

orders (%) 

3655 (567) 1 0 0 0 1,057,986 (70.25) 

143 (10) 1 0 1 2 8,859 (0.59) 
95 (17) 2 0 0 0 28,717 (1.91) 

55 (0) 1 0 2 3 0 (0.00) 

34 (4) 1 0 1 3 2,717 (0.18)  

The merge of the medication orders with the existing mapping relationships lead to 

a total of 567 ATC codes in our data with exactly one relationship to RxNorm. This 

identifies 70.25% (1,057,986/1,506,059) of all medication orders as single ingredients 

that can be mapped directly to a single RxNorm ingredient. A visualization with a search 

option, a result table and a scatterplot was developed (Figure 1). The search field offers 

filtering capabilities for ingredient names or ATC codes. The result table shows details 

on the ATC codes including its frequency in the medication order data, total number of 

mapping relationships to RxNorm and the ingredient name.  The scatterplot represents 

each ATC code occurred in the medication orders as a single dot. The frequency of each 

ATC code in the medication order data is shown on the x-axis and the level of mapping 
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complexity to RxNorm is represented on the y-axis. For example, ATC code B05BB01 

was prescribed 74,314 (frequency) times and has a total of 349 different mapping 

relationship types to RxNorm. This interactive visualization is used together with the 

pharmacist experts at the UKD to investigate the data further.  

 

  

Figure 1. Medication orders by frequency and number of mapping relationships 

4. Discussion and Conclusion 

In this paper we were able to apply RxNorm ingredients to the majority of the medication 

orders at the UKD and thus enable research on OMOP CDM for single ingredient drugs. 

However, ATC is challenging when a single ATC code represents ingredient 

combinations. For some ATC codes a large number of mapping relationships to the 

RxNorm were identified (Figure 1) that cannot be assigned without further knowledge 

about the medication orders to the appropriate standard terminology required by the 

OMOP CDM. The interactive visualization created in this work was applied to only one 

site.  The developed visualization can be used by other research teams, because our 

implementation uses the OMOP CDM as an input format. A prerequisite is the presence 

of the vocabulary in ATHENA and the mappings to a standardized terminology. In a 

next step we are going to analyze study protocols of studies executed by the OHDSI 

community teams to check how often ATC codes with combination ingredients have 

been used for cohort definitions and to answer research questions in the past years.  
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