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Abstract. Introduction: Data quality (DQ) is an important prerequisite for 
secondary use of electronic health record (EHR) data in clinical research, 
particularly with regards to progressing towards a learning health system, one of 
the MIRACUM consortium’s goals. Following the successful integration of the 
i2b2 research data repository in MIRACUM, we present a standardized and 
generic DQ framework. State of the art: Already established DQ evaluation 
methods do not cover all of MIRACUM’s requirements. Concept: A data quality 
analysis plan was developed to assess common data quality dimensions for 
demographic-, condition-, procedure- and department-related variables of 
MIRACUM’s research data repository. Implementation: A data quality analysis 
(DQA) tool was developed using R scripts packaged in a Docker image with all 
the necessary dependencies and R libraries for easy distribution. It integrates with 
the i2b2 data repository at each MIRACUM site, executes an analysis on the data 
and generates a DQ report. Lessons learned: Our DQA tool brings the analysis to 
the data and thus meets the MIRACUM data protection requirements. It evaluates 
established DQ dimensions of data repositories in a standardized and easily 
distributable way. This analysis allowed us to reveal and revise inconsistencies in 
earlier versions of the ETL jobs. The framework is portable, easy to deploy across 
different sites and even further adaptable to other database schemes. Conclusion: 
The presented framework provides the first step towards a unified, standardized 
and harmonized EHR DQ assessment in MIRACUM. DQ issues can now be 
systematically identified by individual hospitals to subsequently implement site- or 
consortium-wide feedback loops to increase data quality. 
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1. Introduction 

1.1. Background 

Data quality is an important prerequisite for the secondary use of electronic health 
record (EHR) data [1,2], especially for establishing a learning health system, one of the 
MIRACUM consortium’s goals [3]. MIRACUM is a collaboration of 10 university 
hospitals and industry partners in Germany aiming to overcome the challenges of 
digitalization and future research in medicine, as part of the German Medical 
Informatics Initiative [4]. Within MIRACUM’s initial concept phase, Haverkamp et al. 
demonstrated the deployment of an i2b2 [5] data repository, the execution of a 
distributed research query and the subsequent analysis of the data across eight 
MIRACUM partner sites [6]. Another pilot study implemented and evaluated the 
OMOP [7] common data model (CDM) and the data analysis tools of the 
Observational Health Data Sciences and Informatics program (OHDSI) [8] across 
MIRACUM [9]. 

Following the successful integration of the i2b2 research data repository in 
MIRACUM, we present a framework to evaluate its data quality in a standardized and 
versatile manner. 

1.2. Requirements 

The MIRACUM data quality analysis (DQA) framework should assess common 
dimensions of EHR data quality like conformance, completeness and plausibility [1,10]. 
These concepts are also part of the data quality guidelines [11] of the TMF, a German 
platform for collaborative research in medicine. According to Nonnemacher, Nasseh 
and Stausberg [11], they can be summarized as the following quality indicators: 
missing values for data elements (TMF-ID 1013), data elements with unknown values 
(TMF-ID 1016), invalid values for qualitative data elements (TMF-ID 1021), invalid 
values for quantitative data elements (TMF-ID 1024) and consistency (TMF-1003). 
Furthermore, principles such as those described by Huebner et al. in their publication 
about initial data analysis in the context of studies with primary-data collection [12] 
should be taken into account. Portability, distribution across all MIRACUM sites and 
easy integration into a hospital’s research IT infrastructure must be considered. The 
DQA framework should be easy to use and the results must be presented in a clearly 
structured way and reported in at least two different granularities: detailed site-specific 
results to enable a deeper analysis of data quality irregularities and a summarized report 
with aggregated statistics, which can be shared with others. To enable broad access and 
continuous development, it should be provided under an open source license. 

2. State of the art 

Lee et al. published “a framework for data quality assessment in clinical research 
datasets” [13]. This article however focuses on the identification of DQ data elements 
for heart failure and the implementation as a software tool is planned as future work. 
OHDSI provides Achilles [14], an R package that allows one to perform data quality 
and descriptive analyses on OMOP databases. Bialke et al. developed an R package to 
support data quality assurance in epidemiological research [15]. Unfortunately, these 
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tools are either bound to particular database schemes or not generic enough to be easily 
configured to address the same data quality criteria and complex plausibility checks 
across multiple research repositories (e.g. i2b2 and OMOP) with the same code basis. 
In order for the tool to be extendable in the future, as the content of our MIRACUM 
research repositories grows, such a generic approach is indispensable. This allows an 
easy-to-use DQA tool to be established for all MIRACUM sites.  For the proof-of-
concept analysis performed during MIRACUM’s conceptual phase, data quality has 
only been verified via random sampling checks at each respective partner site, mostly 
by means of self-written SQL queries and not based on a systematic consortium-wide 
data quality analysis plan. Thus, within the MIRACUM consortium, a standardized 
approach for assessing the data quality of the research data repositories was still 
required. 

3. Concept 

In MIRACUM, the already implemented i2b2 repository currently (02/2019) contains 
pseudonymized billing data in a standardized format. These data include 21 variables 
related to medical data of inpatient hospital stays. We assessed basic data quality 
criteria of the i2b2 data repository in one of our previous works [16]. Starting from 
there, we developed a data analysis plan that covers the variables of the billing data set, 
including demographic-, condition-, procedure- and department-related variables. 
Conformance of the data was evaluated by presenting the summary statistics of the 
different variables in a report. These results can subsequently be compared to the 
constraints given in the official data dictionary [17], which are also included into the 
report. Completeness was determined by counting missing values of each variable. To 
assess plausibility, we checked for incorrect multiple occurrence of data values. These 
checks were established based on common domain expert knowledge of the 
participating hospital’s data managers and physicians, e.g. every encounter ID may only 
be associated with one principal diagnosis or every encounter ID may only be 
associated with one distinct patient ID. Additionally, plausibility was tested for by 
investigating relationships between data elements and checking respective values 
against defined constraints. Two MIRACUM sites in cooperation systematically 
defined eight relations, as well as the corresponding constraints (see Table 1 and 
Kamdje-Wabo et al. [18]). We decided to pursue a two-level data quality analysis: first, 
validating the contents of the final i2b2 research data repository on its own and second, 
examining the validity of the extract-transform-load (ETL) jobs by comparing the 
contents of the i2b2 repository with the raw data (CSV files exported from the billing 
system). 

Table 1. Excerpt of the defined relations between data elements and constraints to estimate plausibility. 

Plausibility Relation Constraint 
A diagnosis from ICD-10-GM chapter XV (pregnancy, childbirth and 
puerperium) is only permitted for female patients. 

Gender must be female. 

Malignant neoplasms of the female genital organs (ICD-10-GM C51-C58) 
are only permitted as hospital diagnosis in female patients. 

Gender must be female. 

Malignant neoplasms of the male genital organs (ICD-10-GM C60-C63) are 
only permitted as hospital diagnosis in male patients. 

Gender must be male. 

“Inpatient delivery” is only permitted as a reason for admission for female 
patients. 

Gender must be female. 

Age in years at first admission must not be negative. Age in years must be >= 0. 
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4. Implementation 

The DQA tool was implemented as an R script. To develop a generic and versatile tool, 
we extended this script with custom analysis functions, settings- and layout files. The 
functions were designed to be applicable both to the i2b2 data repository (target data) 
and the CSV files (source data). To make the DQA tool transferable to other database 
schemes, e.g. OMOP, we moved the i2b2 SQL queries to an external file, which is 
referenced in the script. All necessary components are deployed via a centralized 
MIRACUM collaboration platform together with a Docker [19] image that contains all 
system libraries and packages of the open source statistical programming language R 
[20] that are required to execute the analyses and to generate the data quality report. As 
graphical user interface (GUI), the open source software RStudio Server [21] was 
included into the image, to customize e.g. location-specific details of the report or to 
manually launch the generation of the data quality analysis. The final report consists of 
a comprehensive document in which the results of the analyses of the source and target 
systems are compared in a predefined structure. The DQA tool generates log files and 
stores them on the host system. These can be downloaded and are well suited for 
deeper manual investigations of potential data irregularities by e.g. data managers that 
are familiar with the site-specific data. To enable sharing with others, summarized 
results and aggregated statistics are exported in tabular format. The DQA tool 
integrates easily with the i2b2 repositories used to conduct the federated analyses 
published by Haverkamp et al. [6] (see Figure 1). 
 
 

Figure 1: Schematic architecture of the MIRACUM data 
quality analysis (DQA) tool. The Docker container is 
additionally installed to a preexisting i2b2 research data 
repository. The DQA tool can access i2b2’s database via the 
host VM. Legend: VM = virtual machine, ETL = extract-
transform-load. Colors: white boxes = host operating system; 
gray box = Docker container; thick arrows = internal network 
communication; thin arrow = ETL job. 

5. Lessons learned 

Our DQA tool assesses commonly used data quality dimensions of MIRACUM’s i2b2 
data repository in a standardized way. Our approach brings the DQA tool to the data 
and not vice versa and thus meets the MIRACUM data protection requirements. It is 
suitable for distribution across the MIRACUM sites and its integration into any 
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hospital’s research IT infrastructure is straightforward. Portability to other database 
schemes is ensured by using generic configuration files. Using the tool is familiar to 
researchers due to the use of the common RStudio Server GUI. Based on our 
experience, the deployment of the DQA tool in the above-described approach facilitates 
a consortium-wide integration. According to our collaboration platform, all ten 
MIRACUM partners successfully integrated the tool within 20 days following its 
release. The tool has already been utilized by all ten MIRACUM partners to fulfill their 
site-specific milestones of creating their first-year data quality reports.  
In conclusion, the presented framework meets all requirements stated in section 1.2. 
Further, the DQA tool will be published under an open source license in the future. 
While developing the DQA tool, we continuously tested the data quality of the i2b2 
repository at the Erlangen University Hospital and revealed inconsistencies in earlier 
versions of the ETL jobs, which were subsequently analyzed and revised. One example 
was a logical error in an SQL statement that caused the number of distinct patients in 
the table containing demographic information to differ from the number of patients in 
the table containing clinical observations by erroneously skipping patients during the 
loading process. The emended ETL jobs were subsequently included in a new 
distribution of the MIRACUM i2b2 data repository. 

We are planning to extend the DQA tool to the OMOP data scheme and to 
integrate descriptive statistical visualizations. Furthermore, more advanced and 
complex plausibility checks addressing e.g. relationships between procedures and 
diagnoses or diagnoses and age will be developed and integrated. In the course of the 
further extension of the core data set from billing data to the successive integration of 
other EHR data elements, the functionality of the DQA tool will be regularly adapted. 
We also aim to automate more parts of the tool, e.g. conformance checks. This could be 
supported by MIRACUM’s metadata repository [22] in the future, e.g. by generically 
applying data quality analyses based on a variable’s metadata. 

6. Conclusion 

We presented a federated DQA framework, which provides the basis for moving 
towards a unified, standardized and harmonized EHR data quality assessment across 
MIRACUM. Its generic design makes it adaptable to infrastructures of future partners 
and other consortia. The MIRACUM partners have already successfully created a first 
data quality report as proposed by the MIRACUM project plan and are now able to 
systematically and regularly determine and explore site-specific irregularities and to 
implement local or consortium-wide feedback loops to increase data quality, e.g. by 
improving data collection-, ETL- or programming procedures. Understanding the 
causes of irregularities in MIRACUM’s data quality enables us to establish generally 
accepted criteria for high data quality within our consortium. We are currently in the 
process of collecting formal feedback from all MIRACUM sites and finalizing a 
comprehensive evaluation plan for the DQA tool which will then be applied in the 
upcoming release. Further, we are collecting suggestions for data-element specific 
thresholds from each partner site, regarding e.g. missing values, to achieve a 
MIRACUM-specific consensus and based on this define additional data quality checks. 
To get an overview of the current state of the data quality of MIRACUM’s research 
data repositories, we plan to collect and analyze each site’s aggregated results of the 
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DQA report. This will enable us to continuously improve data quality and to support 
distributed research analyses with data quality aspects in the future.  
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