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Abstract. Semantic interoperability is a major challenge in multi-center data sharing 
projects, a challenge that the German Initiative for Medical Informatics is taking up. 
With respect to laboratory data, enriching site-specific tests and measurements with 
LOINC codes appears to be a crucial step in supporting cross-institutional research. 
However, this effort is very time-consuming, as it requires expert knowledge of lo-
cal site specifics. To ease this process, we developed a generic manual collaborative 
terminology mapping tool, the MIRACUM Mapper. It allows the creation of arbi-
trary mapping workflows involving different user roles. A mapping workflow with 
two user roles has been implemented at University Hospital Erlangen to support the 
local LOINC mapping. Additionally, the MIRACUM LabVisualizeR provides sum-
mary statistics and visualizations of analyte data. We developed a toolbox that fa-
cilitates the collaborative creation of mappings and streamlines the review as well 
as the validation process. The two tools are available under an open source license. 
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1. Introduction 

With the introduction of electronic health records, medical information has become 

widely available in the form of electronic data. There is great interest in reusing this data 

for research, which is usually referred to as “secondary use.” In recent years, many ini-

tiatives and research networks have emerged for sharing data for secondary use, such as 

PCORnet [1], OHDSI [2], or SHRINE [3]. In Germany, the Medical Informatics Initiative 

(MII) was initiated with four consortia, which are funded since 2018 [4]. 

As mentioned by several authors (e. g. [5]), semantic interoperability is a major prob-

lem for such research networks. To address this challenge within the MII, a working 

group on interoperability has been established. One of its milestones includes the defini-

tion of a MII core data set with seven basic modules, of which laboratory data are part. 

Within the MII, the national steering committee has agreed on a list of the 300 most 

commonly used laboratory tests, primarily mapped to the LOINC standard [6]. Conse-

quently, linking site-specific tests and measures to LOINC is an important task step to 
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improve interoperability in the laboratory field, a task to be pursued by so-called Data 

Integration Centers (DICs). Established at German university hospitals, these DICs are 

the organizational units to process and provide medical data for research, such as diag-

noses, procedures, medication, laboratory data and billing-related data [4]. However, as 

mentioned by Fiebeck et al. [7], the manual mapping of local terms to the LOINC stand-

ard is a very time-consuming process, which also requires significant expert knowledge 

of site-specific local laboratory procedures. 

At University Hospital Erlangen (UHE), which is part of the MII-funded MIRA-

CUM consortium [8], a semi-automatic LOINC mapping with RELMA V.5 has been 

performed by Zunner et al. [9] in the past. More than 2,000 local laboratory terms were 

mapped to the respective LOINC codes and the associated evaluation study [9] has 

shown good results. At that time, however, no routine process could be established in 

cooperation with the laboratories at UHE in which the current, but also future or modified 

local laboratory codes could have been mapped to LOINC under strict quality control. 

Routine laboratory personnel usually do not have the resources (in particular time and 

software tooling) to carry out such a mapping project for thousands of codes. 

The task of creating mappings in general is a recurring challenge. Regarding LOINC, 

there are tools such as RELMA [10], however, to the best of our knowledge, there is no 

tool yet that allows multiple users to work in parallel on a mapping project. To tackle 

this problem, we implemented a generic collaborative terminology mapping application. 

It was then used at UHE by a specifically assigned mapping expert who then mapped all 

local laboratory codes to LOINC. These were subsequently validated by the laboratory 

personnel. In this paper, we describe the design and the implementation of this multi-

user application and report on its current use at UHE. 

2. Methods 

The design of the mapping tool considered the following requirements: 

 

• It should be executable on the PC systems commonly found in German hospitals. 

• It should support central user authentication for keeping user management simple. 

• It should support the versioning of mappings and an audit trail in which all mapping 

steps and mapping validations are logged. 

• It should enable multiple users to work asynchronously on different mappings. 

• It should primarily support the laboratory mapping task, but should also be generic 

and configurable enough to be adapted for future harmonization tasks in other do-

mains. A generic approach to support arbitrary mapping workflows, including sup-

port for different types of users, would be desirable.  

 

We implemented the mapping tool, MIRACUM Mapper, as a multi-user C# Windows 

application. It uses the lightweight directory access protocol (LDAP) to authenticate its 

users and connects to a central PostgreSQL database, where it stores the versioned map-

pings from the local laboratory system’s analysis codes to the LOINC terminology. 

The application can be configured for arbitrary mapping workflows and different user 

roles via an internal, configurable state machine. Figure 1 depicts the state transitions for 

the two user roles “expert” and “laboratory”, as implemented in the LOINC mapping use 

case at UHE. It comprises six states, as depicted with the boxes. The state transitions for 
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a certain user group are modeled via transition lists. Transitions are defined using tuples 

in the format m-n, where m denotes the start state and n the end state. 

 

 

Figure 1. State transitions used in the LOINC mapping use case at UHE. 

 

When preparing the system for the UHE LOINC mapping project, we assigned all 

unmapped local codes to state 0. The previously made mappings (from [9]) were im-

ported as state 1 mapping in order to be revised again. The entries in state 0 and 1 were 

then to be processed by the mapping expert with the goal of achieving state 3. Mappings 

in state 3 were then picked up by the laboratory users, with the ultimate goal of achieving 

state 5. Notice that in state 4 the laboratory users are also able to “send” mappings back 

to state 1, thereby asking the expert users to revise them again. The loops (2-2, 3-3, 4-4 

and 5-5) additionally allow users to edit the documentation without changing the state. 

3. Results 

A screenshot of MIRACUM Mapper is shown in Figure 2. The program displays the 

“source” terminology on the left side, which in the LOINC mapping use case is a list of 

local laboratory codes. This list also serves as a “to do” list: depending on the filter set-

tings in the lower left corner, the program displays different local codes. In the UHE 

workflow configuration (as shown in Figure 1), the mapping experts by default see the 

local codes for which there are no LOINC mappings or where mappings are to be revised 

(states 0 and 1), whereas the laboratory users see the mappings “finished” by the experts 

(state 3). Local codes with recently edited mappings are always shown on top of the list 

to indicate that the mapping has been updated by one of the other users. 

Mappings to the “target” LOINC terminology must initially be researched outside 

the tool. Consequently, the mapping task relies heavily on external resources, such as the 

LOINC website. If a suitable target code has been found, a new mapping can be defined 

in the center of the window. The LOINC code is then entered into the “Target Code” 

field in the upper right corner. For quality control, however, the program performs an 

automatic search in the target terminology to ensure that the code entered is valid. In 

addition, the “Search” button can be used to open a browser with a preconfigured URL 

to view further details for a given target code. In the LOINC setting, this opens the web-

site for the target code on the LOINC website (in the example, https://loinc.org/2075-0/). 
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Figure 2. User interface of MIRACUM Mapper. 

 

The documentation field on the right hand side can be used for making notes during the 

mapping process, which are visible to all users. Also, automatically generated entries 

with timestamps further keep track of the editing process. The tool automatically detects 

whenever an entered target code was already used in a previous or deleted mapping, even 

if the program is set to not display deleted mappings (notice the checkbox in the lower 

part of the window). In both cases, it recalls the previous documentation field and thereby 

restores the previously deleted mapping. When saving the mapping, the internal state 

machine of the tool transfers the mapping to the next state. 

After the initial rollout, we realized that it would be helpful for users to be able to 

review additional information about local codes. As this is a requirement specific to the 

laboratory task, we developed another application called MIRACUM LabVisualizeR (see 

Figure 3). It aims to provide quick access to additional information available in the orig-

inal laboratory system, including metadata, anonymized sample patient data, but also 

computed statistics. It is implemented in the “R” programming language [11] using the 

“shiny” package [12]. It can be opened directly from the MIRACUM Mapper’s user in-

terface by pressing the “Visualize” button. It displays histograms, violin plots, and sum-

maries for the currently selected laboratory code. The presented results are derived from 

the most recent 100,000 values of the respective data element retrieved from the UHE 

data warehouse. Outliers can be removed by ticking a checkbox or by adjusting the value 

range using a slider. Similarly, an underlying gender cohort can be specified using radio 

buttons. A second slider is available for constraining the range of the cohort’s age. 
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Both programs were used by a LOINC expert at UHE for the mapping of 9,970 local 

laboratory terms to LOINC. This process took about six months with the expert working 

full-time. The validation of the mappings by the UHE’s laboratories is an ongoing pro-

cess. As of July 16th, 2020, 5,721 mappings were validated by currently 22 members 

from 11 different UHE laboratories. Currently other MIRACUM-affiliated university 

hospitals in Germany consider using the tool for updating their LOINC mappings. 

 
 

 

Figure 3. User interface of MIRACUM LabVisualizeR. 

 

4. Discussion and Outlook 

We have presented a toolbox for the manual mapping of terminologies. It provides a 

single consistent user interface and streamlines the entire process of creating, checking, 

and validating mappings. Although we have not yet conducted a formal user evaluation, 

initial feedback suggests that the application is perceived well. We are currently compar-

ing the new mappings with the former ones [9] in detail and plan to report on our findings, 

including details on user feedback, in the near future. The result of the UHE LOINC 

mapping will support many secondary use projects in the future. In addition, it could act 

as a gold standard for evaluating future research on semi-automatic mapping approaches. 

We recently developed a semi-automatic mapping approach within the ADOPT 

BBMRI-ERIC biobank networking project [13] and considered using it for the LOINC 

mapping. We updated the matching component with multi-threading capabilities and an 

improved matching algorithm to handle the very large LOINC terminology, but initial 

matching results were not satisfactory. We assume that this is due to the high heteroge-

neity of data elements present in LOINC. We also considered using RELMA [10], which 

offers an automatic suggestion of mappings, but unfortunately does not allow multi-user 

S. Mate et al. / A Multi-User Terminology Mapping Toolbox 221



workflows as mentioned in our requirements. We suspected that most of the work con-

sists of researching content, but not in selecting the “best” match. Our current experience 

supports this: the time required to create mappings varied depending on its “difficulty” 

level. Apparent terms, such as “glucose in serum”, were mapped in less than a minute, 

whereas others (e. g., different types of antibodies) took longer, because they required 

literature research or communication with laboratory experts or physicians. It is not clear 

how these tasks can be further supported via such semi-automatic mapping extensions. 

Both tools are available under the GPL3 open source license and can be downloaded 

from https://gitlab.miracum.org/matesn/miracum-mapper and https://gitlab.mira-

cum.org/miracum/labor/labVisualizeR. 
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