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1. Introduction
The current landscape of Medical Device

standardization is characterized by a variety
of adopted nomenclatures. This tendency
highly affects regulatory processes (e.g., post-
market surveillance), aimed at ensuring safety
and effectiveness of products, by monitoring
the market through proper device identification.

In light of introducing new European
Regulations, that reinforce the high-risk med-
ical devices monitoring processes, the need
for higher nomenclature interoperability became
even more relevant to standardize the identifica-
tion of these products, when present in world
markets using different nomenclature systems.

Starting from these observations, this
Master’s Thesis project aims at investigating
possible automated solutions to promote
mapping between standards, possibly enhanc-
ing tasks related to the mentioned regulatory
processes.
This work focuses on two broadly adopted
nomenclatures:

1. the European Medical Device Nomen-
clature (EMDN), the standard that iden-

tifies medical device categories in the Euro-
pean market. It is based on a tree struc-
ture, in which every branch represents a
particular device category.

2. the Global Medical Device Nomencla-
ture (GMDN), a 5 code digits standard,
widely adopted in many countries (e.g.,
in the USA, Australia, UK, etc.), which
is characterized by a high-granularity flat
structure.

The proposed mapping algorithm consid-
ers the results of a preliminary study, proposed
by WHO in 2021 [1], investigating possible mod-
ifications to overcome the limitations of that ap-
proach.

The adopted methodology applies differ-
ent aspects of Computer Science to this practical
problem, implementing a client-server infras-
tructure, aimed at promoting accessibility
to the utilization of the proposed algorithm in
an easy and user-friendly environment. As of
today, similar solutions are not available on the
market yet. Therefore, there is hope for possible
future adoption of this tool in a real setting.
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2. Materials and Methods
2.1. Materials

The used materials during the project are
all publicly available data sources, which
correspond to:
• a complete list of EMDN codes, down-

loaded from the European Commission
website and contained in a CSV file.

• an Italian CSV dataset of devices,
maintained by the Italian Ministry of
Health, and constantly updated. It con-
tains the EMDN code for each medical
device.

• the Global Unique Device Identifica-
tion Database (GUDID), administered by
the FDA and containing device identifica-
tion information submitted by manufactur-
ers. This information includes the GMDN
Term Name and Definition of each med-
ical device, and is provided in an XML
dataset.

2.2. Methods

2.2.1 Cleansing and Transformation of
Heterogeneous Data Sources

In this first stage, the Italian CSV dataset
of Medical Devices required a proper pipeline
to select, among the provided table features
(=columns), only the required ones. More-
over, cleansing of the annotated "Catalogue
Code" was necessary due to both malformed
values, and conventions used to aggregate
codes (e.g., "DA(L) X - A(L) Y", where X and
Y are possible codes).

On the other hand, the FDA provided a
well-formatted dataset of XML files. Therefore,
an easier pipeline was implemented to transform
these files into a CSV one, resembling the Italian
tabular version.

At this point, two homogeneous data
sources were obtained, representing the Italian
and the American markets. Figure 1 summarizes
the most meaningful information of the tables.

Figure 1: The main information extracted by
Data Cleansing and Transformation. Note that
the asterisk wildcard represents families of med-
ical devices, enhancing the number of matches
between the two markets.

2.2.2 Data Integration

This second phase is based on previous
work, presented by WHO in 2021 [1], which pro-
posed to build a "bridge" between different
nomenclatures by cross-checking markets of
Medical Devices. This liaison between datasets
was identified by researchers in the Unique De-
vice Identifier (UDI), which represents a globally
used system to unequivocally identify a commer-
cialized medical device.

The adoption of the UDI as a linking
key between the American and Italian market
datasets, as stated in [2], presents some limita-
tions. This is mainly due to a different level of
UDI standard adoption between Europe and
the USA. While the latter reports, for every de-
vice, a proper UDI code, in Europe the adoption
of this identification system is in its early stages,
since the introduction of two new Regulations,
the "Regulation (EU) 2017/745 on Medical De-
vices" [3] and the "Regulation (EU) 2017/746
on In Vitro Diagnostics" [4]. Therefore, many
devices do not present any UDI definition yet,
preventing the identification of potential medi-
cal devices correspondences.

Accordingly, the proposed solution over-
comes this barrier, matching devices based on
the "Catalogue Code", provided by any man-
ufacturer.

By doing so, it was possible to ex-
tract valuable information from the given data
sources. Firstly, concerning all active manufac-
turers in both markets, the following datasets
were produced:
• A CSV dataset, related to devices sold only

on the Italian market, containing 125,781
devices for 1,425 different companies.

• A CSV dataset, related to devices sold
only on the American market, containing
1,089,614 devices for 1,507 different compa-
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nies.
• A CSV dataset, related to devices sold

on both markets, containing 209,556 de-
vices for 783 different companies.

Starting from the last produced dataset,
a similar data source, as the one proposed by
the feasibility study, was easily created. This
revealed to be a valuable source of information,
representing a possible ground knowledge to
be fed to the mapping algorithm, thus en-
hancing its decision process.

Figure 2: An exemplification of the GMDN-
EMDN translations extracted from the starting
data sources, and stored in a Python SQLite
"mapping" table.

By doing so, the final version of the
extracted vocabulary contains 9863 transla-
tions, among which 4931 were inferred from
"exact" catalogue code matches.

2.2.3 Implementation of a Nomenclature
Mapping Algorithm

Before implementing a mapping algorithm
between different nomenclatures, their struc-
tures were analyzed, to possibly find important
features to be exploited.
The EMDN is designed with a tree structure,
as reported by Figure 3.

Figure 3: An exemplification of the first level
of the EMDN tree, representing three top levels
out of 22.

As stated by the official documentation,
each branch of the tree represents a particular
category of a medical device. From this charac-
teristic, and performing exploratory analysis on
the EMDN data, it is evident that the extrac-
tion of semantic meaning from text is crucial
to find the proper mapping of a GMDN code.
In fact, as reported by Figure 4, and Figure
5, EMDN codes related to different categories,
carry different semantic meanings too.

Figure 4: A word map of the EMDN descriptions
related to the "J - ACTIVE-IMPLANTABLE
DEVICES" top-level.

Figure 5: A word map of the EMDN de-
scriptions related to the "P - IMPLANTABLE
PROSTHETIC AND OSTEOSYNTHESIS DE-
VICES" top-level.

For example, the word map extracted
from EMDN descriptions related to "P -
IMPLANTABLE PROSTHETIC AND OS-
TEOSYNTHESIS DEVICES" shows a preva-
lence of terms semantically related to "non-
bioabsorbable", "orthopaedic fixation", "or-
thopaedic bone" and "surgical drill" concepts.
Conversely, the word map related to "J -
ACTIVE-IMPLANTABLE DEVICES" shows a
tendency towards terms like "electrical stimula-
tion systems", "cochlear implant", and "stimu-
lation system".

Therefore, a proper algorithmic solu-
tion was implemented to evaluate the semantic
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similarity of biomedical strings. In this way, it
was possible to automatically identify the most
suitable mapping of a GMDN code into the
EMDN nomenclature, and vice-versa.

Among the possible tested solutions dur-
ing the project life-cycle, adopting a pre-
trained Language Model was considered the
most reasonable option, because:
• a pre-trained model represents a useful

kick-off in solving a Natural Language
Processing problem. In fact, it is a tool al-
ready trained by researchers on particular
text corpora, and therefore it can provide
baseline performances.

• it saves computation time, since the
training of a model from scratch requires
a high amount of time and resources.

• a suitable training corpus, specifically fo-
cused on the medical device field, was un-
available at the time of the writing.

Different pre-trained solutions were
tested, among which the best one was identified
in "MPNet" model, implemented by Microsoft
and presented in [5]. In particular, this solution
is one of the state-of-the-art options, mixing the
benefits of different previous architectures, such
as Masked Language Modeling and Permuted
Language Modeling.

The implemented algorithm could be de-
fined as "two-way" because both mapping direc-
tions are provided. Figure 6 reports one way of
mapping, which can be easily reversed to get the
other one.

Figure 6: A box-flow representing the mapping
procedure of a GMDN code into the EMDN
nomenclature. The "mapping" table contains all
the GMDN-EMDN translations.

The mapping algorithm is based on
the use of embeddings, that are vector rep-
resentations of sentences. These mathematical

Language Model structures are properly stored,
to be computed only once, and used to evaluate
the cosine similarity between sentences.

3. A Client-Server Infrastruc-
ture to Enable Mapping Al-
gorithm Usability
Besides the actual implementation of the

mapping algorithm, an additional part of the
project was focused on enabling its usability to
end-users, in order to provide them with real-
time mappings from GMDN to EMDN codes,
and vice-versa.
In particular, it seemed reasonable to design a
client-server infrastructure, where the Python-
based server, encapsulating the Machine Learn-
ing algorithm, interacts with a lightweight
client, developed using Flutter framework.

The application access is role-based,
and includes the following actors:
• Server Administrator: the unique role

that can access the Server Dashboards, and
start the Information Extraction pipeline,
described in Section 2.2.

• Base User: the role of every new user,
pending Server Administrator confirmation
of the registration.

• Base Authorized User: the role given to
any user whose mapping service subscrip-
tion has been accepted. In this case, the
user can access the mapping dashboards to
request EMDN, or GMDN, mappings.

• Rejected User: the role given when a reg-
istration request is rejected. In this case, no
further login is allowed.

The core application functionality is rep-
resented by the possibility of sending GMDN
codes for mapping to the server. Afterwards,
the user is redirected to the page shown in Fig-
ure 7. In this case, the dashboard displays:

1. On the left, a panel reporting the GMDN
input code, the EMDN candidate mapping
codes, and the reliability of the selected
candidate (i.e., the semantic similarity be-
tween the input GMDN Term Name and
the EMDN description).

2. On the right, a navigational tool. By hori-
zontally scrolling the codes, the user can
inspect different EMDN code categories.
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Figure 7: The dashboard shown to the user when
mapping a GMDN code.

Moreover, in order to increase the
level of user engagement, another page, re-
ported in Figure 8, is implemented to let any
user report an error in the proposed mapping.
Additionally, the user is provided with the possi-
bility to send a different, possibly right, map-
ping proposal.

Figure 8: The notification page, where the
wrong mapping couple of codes is reported. An
optional EMDN mapping can be provided by the
user.

This functionality is intended to
enrich the GMDN-EMDN vocabulary of
translations, and, therefore, to dynamically
update the mapping algorithm performances.
Given the high influence of such notification ser-
vices, manual inspection of Server Administra-
tors is required to make the changes effective in
the implementation.

4. Results
During the mapping algorithm validation,

data scarcity played a crucial role in the en-
countered difficulties in properly evaluating the
model.

The GMDN-EMDN vocabulary was con-
sidered as the Gold Standard (GS) for the al-

l.1 l.2 l.3 l.4

% of
matches 81.94 72.93 56.06 32.20

Table 1: Percentage of mapping matches per
minimum EMDN level, on a total test sample
of 2863 records.

gorithm validation since it was not used for Lan-
guage Model training, and it was derived from
the automatic processing of manually anno-
tated data. Therefore, the GMDN-EMDN
validation set consisted of 2863 unique GMDN
Term Names translations, extracted from the
identified sources.

Considering the GMDN-EMDN validation
results, given a GMDN code test sample, the
proposed EMDN code can partially match the
GS, up to a certain level of the EMDN hier-
archy. Considering this particular event, Table
1 reports some aggregated results of the vali-
dation. It is clear that, by deepening the
EMDN predicted levels, the accuracy de-
creases due to an increase in the specificity of
each code description. On the other hand, the
algorithm was able to identify the right EMDN
category (first level) of a GMDN code in 81.94%
of the validation samples.

Figure 9: Results of the validation for the "P"
EMDN category.
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Figure 10: Results of the validation for the "J"
EMDN category.

Moreover, since the introduction
of the new European Regulations, requiring a
higher clinical evidence level for high-risk medi-
cal devices, there is a growing interest of manu-
facturers, and regulatory organizations, towards
these products. Figure 9 and Figure 10 re-
port the validation results of the specific EMDN
categories related to this critical type of med-
ical devices, which can be identified in "J -
ACTIVE-IMPLANTABLE DEVICES" and "P
- IMPLANTABLE PROSTHETIC AND OS-
TEOSYNTHESIS DEVICES".

5. Conclusions
This Master’s Thesis project was aimed

at developing a tool to ease some tasks related
to the regulatory processes of Medical De-
vices, and, as of today, still carried out by hand.
Therefore, it represented an opportunity both
to develop an algorithm to solve this prob-
lem, and to face the challenges related to its us-
ability and encapsulation in a fully working
end-user application.

The proposed application represents a so-
lution that was not investigated before. In fact,
the only available scientific research on the topic
consists of the mentioned WHO feasibility study
[1], which was used as starting point to solve the
given problem.

A similar service to this tool is offered by
the GMDN Agency, with payment of an annual
fee. In fact, they allow subscribed users to access
a dedicated Web interface, and to add GMDN
codes to a "cart". Then, the user can download,
in an XML document, the EMDN translations

of the selected GMDN codes.
Moreover, this application was developed

using only open data, promoting reusability
of the tool for other research studies.

To conclude, proper validation of the im-
plemented mapping algorithm and code testing
was carried out, whereas the end-user applica-
tion has not been validated yet.
On the other hand, the final results of this
thesis have been presented in separate ses-
sions to several stakeholders, whose tasks are
strictly related to the nomenclatures standard-
ization. Positive comments were expressed
during these meetings on the application usabil-
ity. Particular attention was given towards the
adopted methodology, and the implemented
feedback functionality to simultaneously en-
gage users and enhance the algorithm perfor-
mances. This gives hope about a possible future
adoption of this tool in a real setting.

References
[1] World Health Organization. Webinar: Med-

ical devices nomenclature mapping. 2021.
url: https : / / www . loom . com / share /
18847ab410d444a68f9da2ee88bc6e07
(visited on 02/23/2023).

[2] World Health Organization. “Standardiza-
tion of medical devices nomenclature”. In:
(May 2022). url: https://apps.who.int/
gb / ebwha / pdf _ files / WHA75 / A75 _ 11 -
en.pdf (visited on 04/05/2023).

[3] European Commission. Medical Devices
Regulation (EU) 2017/745. 2017. url:
https : / / eur - lex . europa . eu / legal -
content / EN / TXT / PDF / ?uri = CELEX :
32017R0745 (visited on 04/05/2023).

[4] European Commission. In Vitro Diagnostic
Devices Regulation (EU) 2017/746. 2017.
url: https : / / eur - lex . europa . eu /
legal-content/EN/TXT/PDF/?uri=CELEX:
32017R0746 (visited on 04/05/2023).

[5] Kaitao Song et al. “MPNet: Masked and
Permuted Pre-training for Language Un-
derstanding”. In: Advances in Neural Infor-
mation Processing Systems 33 (Apr. 2020),
pp. 16857–16867.

6

https://www.loom.com/share/18847ab410d444a68f9da2ee88bc6e07
https://www.loom.com/share/18847ab410d444a68f9da2ee88bc6e07
https://apps.who.int/gb/ebwha/pdf_files/WHA75/A75_11-en.pdf
https://apps.who.int/gb/ebwha/pdf_files/WHA75/A75_11-en.pdf
https://apps.who.int/gb/ebwha/pdf_files/WHA75/A75_11-en.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32017R0745
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32017R0745
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32017R0745
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32017R0746
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32017R0746
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32017R0746

	Introduction
	Materials and Methods
	Materials
	Methods
	Cleansing and Transformation of Heterogeneous Data Sources
	Data Integration
	Implementation of a Nomenclature Mapping Algorithm


	A Client-Server Infrastructure to Enable Mapping Algorithm Usability
	Results
	Conclusions

