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Abstract
Background  Data harmonisation is essential in real-world data (RWD) research projects based on hospital 
information systems databases, as coding systems differ between countries. The Hungarian hospital information 
systems and the national claims database use internationally known diagnosis codes, but data on medical procedures 
are recorded using national codes. There is no simple or standard solution for mapping the national codes to a 
standard coding system. Our aim was to map the Hungarian procedure codes (OENO) to SNOMED CT as part of the 
European Health Data Evidence Network (EHDEN) project.

Methods  We recruited 25 professionals from different specialties to manually map the procedure codes used 
between 2011 and 2021. A mapping protocol and training material were developed, results were regularly revised, 
and the challenges of mapping were recorded. Approximately 7% of the codes were mapped by more people in 
different specialties for validation purposes.

Results  We mapped 4661 OENO codes to standard vocabularies, mostly SNOMED CT. We categorized the challenges 
into three main areas: semantic, matching, and methodological. Semantic refers to the occasionally unclear meaning 
of the OENO codes, matching to the different granularity and purpose of the OENO and SNOMED CT vocabularies. 
Lastly, methodological challenges were used to describe issues related to the design of the above-mentioned two 
vocabularies.

Conclusions  The challenges and solutions presented here may help other researchers to design their process to map 
their national codes to standard vocabularies in order to achieve greater consistency in mapping results. Moreover, we 
believe that our work will allow for better use of RWD collected in Hungary in international research collaborations.
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Introduction
Secondary use of routinely collected health data has 
become essential in healthcare research. Real-world data 
(RWD) are playing an increasingly important role in 
generating real-world evidence for regulatory decisions 
about marketing approval of drugs [1, 2] or in health 
technology assessments to support reimbursement 
decisions.

The main sources of RWD are claim databases and 
electronic medical records (EMRs). Although both data 
sources have the advantage of containing structured, 
easy-to-process information about diagnoses and pro-
cedures, their use has several challenges in international 
research collaboration. There are differences in the data-
base structure, design and content [3]. In addition, multi-
national data collection and analysis is limited because of 
differences in coding systems across countries for which 
internationally valid mappings do not always exist  [4].

The need for data harmonization has been recognized 
in the EU. The European Health Data Evidence Network 
(EHDEN) [4] and also the Data Analysis and Real World 
Interrogation Network (DARWIN EU) [5] adopt com-
mon data models and establish federated data networks 
for research collaboration. The open-source Observa-
tional and Medical Outcomes Partnerships Common 
Data Model (OMOP CDM) [6] standardizes the data 
structure, format, and terminology of datasets from 
various sources, vendors and countries. This enables the 
application of common analysis codes through a fed-
erated data network where only codes and aggregated 
results are shared but not the data [7].

In many countries medical conditions are coded using 
national versions of ICD-10. The recently published new 
version of the WHO International Classification of Dis-
eases (ICD-11) will lead to much more meaningful and 
detailed coding of patient data in the future [8]. However, 
procedures are usually represented with country-spe-
cific codes. Procedure codes are influenced by different 
healthcare and reimbursement systems. Therefore, they 
tend to show more heterogeneity than expected. Thus, 
mapping local procedure codes to harmonized standards 
is necessary to facilitate research collaboration.

Institutions joining the EHDEN consortium’s net-
work of data partners will adapt their local or national 
terminologies to the standards proposed by OMOP. In 
Hungary for the first time, two universities (Semmel-
weis University and the University of Pécs) joined one of 
EHDEN’s data partnership calls and mapped their EMR 
data to OMOP. As part of this work, the biggest chal-
lenge was the mapping of the Hungarian procedure codes 
(OENO) [9, 10], to international standards. Besides the 
procedure codes, other parts of the EMR (conditions, 
drugs, etc.) were also transformed to OMOP.

The Hungarian OENO codes were derived from the 
International Classification of Procedures in Medicine 
(ICPM) codes published by WHO in 1978 [11]. The 
development of the ICPM was practically stopped by the 
WHO in 1989 [12], so the Hungarian codes were no lon-
ger linked to it. Since then, several new codes have been 
added and the codes have been developed mainly to sup-
port the reimbursement of fee-for-service and diagnosis-
related groups [13, 14]. As a result, the coding system is 
tailored to the medical practice and insurance system in 
Hungary and is not linked to other commonly used inter-
national standards.

Systematized Nomenclature of Medicine Clinical 
Terms (SNOMED CT), maintained by SNOMED Inter-
national, is the most comprehensive, multilingual clini-
cal healthcare terminology globally, already mapped to 
other international standards [15]. In the OMOP system 
SNOMED CT is the standard terminology for proce-
dures. The current study aims to map the Hungarian pro-
cedure codes to standard OMOP concepts and to present 
the main challenges of mapping and how they could be 
overcome.

Methods
Data and data preparation
Source vocabulary
Around 5,500 inpatient and 3,100 outpatient procedure 
codes have been introduced in Hungary [9, 10], but some 
are not in use anymore mostly because the procedures 
have become outdated. To optimize and join the efforts 
of the universities participating in the project, we focused 
on mapping those codes that were recently in use at the 
institutions. We excluded those procedure codes from 
mapping that were not used by any of the two universities 
between 2011 and 2021.

The procedure codes’ descriptions were often too 
concise to judge what clinical activity they represented. 
Therefore, to find the appropriate matching concept in 
SNOMED CT, the codes were grouped by clinical spe-
cialties, assigning each code to those specialties that use 
the codes the most frequently. With in-depth knowledge 
about the codes and underlying procedures medical pro-
fessionals from each clinical specialty group (23 in total) 
were asked to participate in the mapping exercise.

Multiple clinical specialties could use some of the 
codes. For validation purposes, these codes (approx. 7%) 
were allocated in two or three specialty groups for map-
ping. Then the results were checked to test the consis-
tency of their mapping.

In order to support the prioritization of the mapping 
exercise the overall frequency, the frequency in outpa-
tient departments and the frequency in inpatient depart-
ments were calculated and shared with those involved in 
the mapping.
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Target vocabularies
The main target vocabulary was SNOMED CT [15] codes 
in the Procedure domain. The domains are the modalities 
of the code in the OMOP CDM. Since the OENO codes 
are used not only for medical interventions but also for 
diagnostic tests and medical devices, Observation, Mea-
surement, and Device domains were also used for map-
ping. For some of the codes other standard vocabularies 
of OMOP CDM were found more suitable, such as Logi-
cal Observation Identifiers Names and Codes (LOINC) 
[16], RxNorm [17], and HemOnc [18]. Procedure 
descriptions in some cases include information on condi-
tions, but these were not included in the target domains 
because we wanted to avoid having multiple, potentially 
contradictory, information on the diagnosis. The Hun-
garian diagnosis vocabulary (BNO) is used explicitly for 
coding diagnoses, therefore, that was considered as the 
primary source of information for diagnoses and mapped 
to SNOMED CT.

Mapping process
The mapping project was carried out by a large research 
team (including PhD students, resident physicians and 
one specialist doctor). We developed a mapping protocol 
based on an Australian mapping guideline [19], Obser-
vational Health Data Sciences and Informatics (OHDSI) 
materials [20, 21] and with the support of an interna-
tional medical code expert. For outpatient codes, we used 
the outpatient code rulebook [9], which contains cod-
ing rules and - in most cases - code definitions. We used 
these as a guide to understanding the content of the code. 
For inpatient codes, only the coding rules were available, 
no precise definitions for the codes were accessible. We 
pilot-tested the mapping protocol on 50 random codes 
with three core team members and refined it afterward. 

The mapping protocol can be found in the appendix (see 
Additional file 1).

We held a training for the mappers before the start of 
the mapping. To test their knowledge and find out the 
mistakes and misunderstandings in the protocol and 
training material, first we asked the mappers to match 
20–30 OENO codes as a pilot and send the results for 
review. Based on the pilot results, we held a meeting to 
explain the most common mistakes and how to overcome 
them and answered questions. As a next step, we asked 
the mappers to send back 30% of the codes assigned to 
them. Results were revised again and typical mistakes 
were used to develop the mapping rules further. Meet-
ings were regularly held and there were opportunities 
for one-on-one discussions via phone, email, and video 
calls until every professional finished mapping the codes 
assigned to them. Then the selected codes were checked 
for validation. In case of differences, the more accurate 
mapping was chosen. The outline of the mapping process 
is shown in Fig. 1.

Finding a match
When mapping from the source to the target vocabular-
ies, we primarily aimed to find a target concept equiva-
lent to the source in meaning. In these cases, we noted 
that this was an equivalent match. In the instances when 
there was no equivalent target concept, we mapped to a 
wider target concept and marked it as a wider match.

During the matching we had to decide whether to 
use only pre-coordinated concepts or post-coordinated 
expressions. Pre-coordinated concepts are usual con-
cepts in one of the vocabularies, while in post-coordi-
nated expressions, there is a relationship between more 
concepts; therefore, together they mean more. SNOMED 
CT is configured to make post-coordinated expressions, 
but in OMOP CDM they are not usable for procedures. 

Fig. 1  Outline of the mapping process
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There is no possibility to establish a relationship between 
two procedures or a procedure and an anatomic site. 
Therefore, we used only pre-coordinated concepts and 
mapped them to a wider concept in the absence of an 
equivalent concept.

Results
Results in numbers
The number of in- and outpatient procedure codes used 
by the two universities were 6049 in total. 558 labora-
tory test OENO codes were excluded because we did not 
map the laboratory procedure codes, just the laboratory 
measurement codes present in the EMR. Codes only 
used temporarily in a pilot project were excluded as well, 
total of 215 codes. From the OENO codes we mapped, 
the chemotherapeutic procedures (615 codes) were also 
mapped to OMOP CDM concepts – specifically to Hae-
mOnc and RxNorm vocabularies – but with a different 
methodology, so they are not included here. This resulted 
in 4661 codes, of which twenty-three procedure code 
groups were created by specialties, each with 50–500 
codes. These 4661 OENO codes were mapped to 6184 
target codes, on average, one OENO code was mapped to 
1.3 international codes, ranging from 0 target codes to up 
to 20 target codes, in rare cases.

Domain names [22, 23]: Drug: a biochemical substance 
ingested or otherwise introduced to the patient’s body; 
Measurement and its result Meas Value: structured val-
ues obtained through systematic and standardized testing 

of a patient or their sample; Observation: clinical facts 
about the patient; Procedure: activity performed in the 
provision of healthcare; Condition: disease or medical 
condition (stated as diagnosis, sign or symptom); Device: 
foreign physical object used for diagnostic or therapeu-
tic purposes; Route: when and how a drug was given to 
the patient; Specimen: matter that is taken from patients 
for examination or analysis; Spec Anatomic Site: the ana-
tomical site from which the specimen was taken.

Regarding the match type, 3867 (62.5%) was equivalent, 
2133 (34.5%) was wider, 165 (2.7%) inexact or narrower, 
and 19 (0.3%) unmapped. From those unmapped codes 
12 codes were excluded because they were not relevant 
medically, and 7 codes because we did not find any good 
match.

Out of the 431 number of validation codes, which 
were in more than one specialty group, 258 (60%) were 
mapped the same, 145 (34%) differently with equivalence 
in the meaning, and in 28 (6%) cases there was still some 
partial matching but with difference in the meaning.

Figure  2. shows all the OENO codes and the vocabu-
laries, domains they were mapped to. It shows that even 
though majority of the codes were mapped to SNOMED 
CT procedure domain, a substantial amount of them 
were mapped to other domains and vocabularies, like 
HemOnc, LOINC and RxNorm.

Fig. 2  Vocabularies and domains to which the OENO codes have been mapped
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Challenges in mapping
One of the main challenges of the pre-processing process 
was to classify the codes into the appropriate specialty 
group. In a first step the codes were assigned to the spe-
cialty area where they were most frequently reported. 
This did not always correspond to the specialty actually 
performing the intervention, so these codes were manu-
ally reclassified to the appropriate specialty during the 
process.

The mapping of the OENO procedure codes was a 
bumpy ride, but we reached our destination – let’s hope 
no important chunk of information fell off the carriage. 
One of the bumps was a semantic challenge, interpreting 
the meaning of the OENO codes, which were ambiguous 
in some cases. The other bump was the matching itself, 
when there was no standard code that directly corre-
sponded to the source code. The third bump was related 
to the different philosophies behind the two vocabular-
ies, the methodological differences between the structure 
of the source and the target code vocabularies. Of course 
these challenges are intertwined: for example a seman-
tic challenge poses a matching challenge in itself – not 
knowing the exact meaning of the code makes it difficult, 
if not impossible to find a right match. The relationship 
between the three main challenges is illustrated in Fig. 3. 
Examples of the challenges are given in Table 1. and the 
capital letters in the text refer to the examples listed in 
Table 1. For ease of interpretation the OENO codes pre-
sented here are the English translations of the Hungarian 
descriptions. Those in Latin were not translated.

Semantic challenges
In hierarchical code systems the codes “above” also 
known as parent concepts, and the codes “below”, chil-
dren concepts, help to determine the meaning of the 
code. It is important to point out that the OENO code 
system is not hierarchical the codes are in a flat list. Usu-
ally, but not always, the codes that are close to each other 
are related to a similar specialty. Still, plenty of the codes 
were straightforward to understand based on their name 
and therefore to match, like in example A).

Cultural specificities  One type of semantic challenge 
arise from cultural specificity: when the code in question 
is not obvious in the meaning due to cultural and medical 
context or is understood only by a few specialists who use 
it. An example of this can be example B), the test for fak-
ing blindness or visual impairment, which is done when 
the doctor suspects that the patient’s vision is better than 
they indicate. Not surprisingly, there is no such code in 
OMOP CDM. The solution was to map a usual modality 
of this examination, the optokinetic response.

Ambiguous words in the name of the codes  There were 
terms that had more than one meaning and the relative 
brevity of the code names and the lack of hierarchy made 
it difficult to determine what they meant: as in example C) 
TB143 Cystectomy can mean 4029571 Bladder excision or 
4323042 Excision of cyst.

One solution was to look at the OENO codes next to 
the code (TB142 Retrograde root canal filling, TB144 
Cystostomia, cysta-marsupialisatio) which usually sug-
gested the specialty using it. Furthermore, it was useful to 
search for synonyms by code name in the whole OENO 
code list, because codes with other meanings sometimes 
popped up (55752 Hemicystectomia ves. urin., 55760 Cys-
tectomia simplex ves. urin., 55761 Cystectomia totalis ves. 
urin.), therefore these meanings could be ruled out. In 
this example it was clear that the match is not 4029571 
Bladder excision, but rather 4323042 Excision of cyst.

Unclear modality of the procedure  In some cases, it 
was not clear how procedure is performed from the name 
of the code itself, such as in the case of 42110 Screening 
of hip dislocation, where it was not clear for the mappers, 
whether they should map 4085448 US scan of neonatal 
hip, or 46286410 Newborn and Infant Physical Examina-
tion Screening Programme, hip examination, or 4108627 
Examination of hip joint. Since this is an outpatient code 
we could look it up in the outpatient procedure codes 
rulebook. The rulebook stated that “Taking anamnesis, 
examination of the newborn (infant), physical examina-
tion of hips.“. This allowed us to select the appropriate 

Fig. 3  The three main challenges in mapping code from source to target vocabulary
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match, as seen in example D). Although the outpatient 
rulebook was not always helpful, for example for inpatient 
codes. In these cases, we consulted specialists in the field 
to gain deeper insight into the underlying intervention.

Matching challenges
Matching challenges were usually present because of the 
different granularity of the vocabularies, and the purpose 
of the vocabularies: this is because the OENO’s aim was 
not to code the medical procedures in the most specific 
way possible but to code them specifically enough for 
financial purposes.

Location of the procedure  Quite a few codes do not 
specify the location of the procedure or have more than 
one location, such as E) 88916 Nerve block anesthesia on 
one finger or toe. In SNOMED CT there is no code for fin-
ger OR toe anesthesia, only 4333956 Digital nerve block 
in hand or 4337752 Local anesthetic digital nerve block in 
foot. In this case, we could not map to both codes, so we 
searched for a less specific code and therefore lost some 
information: 4228073 Peripheral block anesthesia and 
4178663 Anesthesia for procedure on extremity.

Granularity differences  The other end of the spectrum 
is when the OENO code system is a lot more granular 
than the OMOP CDM/SNOMED CT, and it is not pos-
sible to map the granularity of our codes to the standard 
codes, thus losing some information. The best examples 
are the codes between 5396G Coronaria angioplastica 
on IVP branch (r. interventricularis posterior), and 5396N 
Coronaria angioplastica LM branch (main left coronary), 
a total of eight codes, all of which can only be mapped to 
4184832 Coronary angioplasty as seen in example F) and 
G), because the lack of granularity in SNOMED CT. This 
led to the loss of some information in the original codes.

Reason of the procedure  OENO codes sometimes 
included not only the procedure itself but also the reason 
for the procedure in the code name, such as in H) 2902 V 
Amyloid staining to decide between AL and AA (as an 
additional examination). In SNOMED CT it is unlikely 
to find such codes where the procedure and the reason 
are found together in such detail. Thus, the closest codes 
we could find were the 4,132,406 Staining method and 
4,288,616 Amyloid deposition, which again led to the loss 
of some potentially relevant information.

Table 1  Examples of typical mapping cases and challenges
Source (OENO) code and concept Target code and concept

Example of a typical mapping case
A) 16951 Choledochoscopy 4340102 Choledochoscopy
Semantic challenges
B) 12115 Debunking visual examination 4108145 Optokinetic response
C) TB143 Cystectomy 4323042 Excision of cyst
D) 42110 Screening of hip dislocation 46286410 Newborn and Infant Physical Examination Screening 

Programme, hip examination
Matching challenges
E) 88916 Nerve block anesthesia on one finger or toe 4228073 Peripheral block anesthesia

4178663 Anesthesia for procedure on extremity
F) 5396G Coronaria angioplastica on IVP branch (r. interven-

tricularis posterior)
4184832 Coronary angioplasty

G) 5396N Coronaria angioplastica LM branch (main left 
coronary)

4184832 Coronary angioplasty

H) 2902V Amyloid staining to decide between AL and AA (as an 
additional examination)

4132406 Staining method
4288616 Amyloid deposition

I) 99993 Additional point under 1 year of age unmapped
Methodological challenges
J) 98462 Treatment of gonorrhea with Rocephin 1777806 ceftriaxone (Ingredient)
K) 01050 Cochlear implant 4182413 Cochlear prosthesis (Device)

4234743 Implantation of cochlear prosthetic device (Procedure)
L) 52072 Cochlear implantation 4182413 Cochlear prosthesis (Device)

4234743 Implantation of cochlear prosthetic device (Procedure)
M) 57151 Vulvectomia unilateralis 4074152 Partial vulvectomy (Procedure)
N) 12655 Recognition and treatment of lipid metabolism 

disorder
43021492 Lipid disorder initial assessment
44804677 Lipid disorder treatment started

The word in parentheses tells the domain of the code when relevant
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Codes used for reimbursement purposes only  There 
were some OENO codes that are used for reimburse-
ment purposes only and do not represent any medical 
procedure or other relevant medical information. These 
codes were not mapped to the OMOP vocabulary. A good 
example is I) 99993 Additional point under 1 year of age, 
which is used to indicate additional reimbursement claim 
due to the patient’s age. This information – the patient’s 
age – is already included in the EMR, and is loaded into 
OMOP CMD. In these cases the mappers were asked to 
leave it blank and not map anything to these codes.

Methodological challenges
Condition in procedure  Many OENO codes include 
conditions and diagnoses in their description, even 
though they are elements of a procedure code system. For 
example J) 98462 Treatment of gonorrhea with Rocephin, 
this could be logically mapped to 1777806 ceftriaxone 
(Ingredient) and 433417 Gonorrhea (Condition). But as 
mentioned in the Methods, we do not want to map con-
ditions from OENO codes, so the correct match in this 
example is only ceftriaxone.

Device in procedure  The Hungarian claims codes 
include not only procedures, but in some cases also the 
devices used in the procedure or implanted in the patient. 
So when using a device, physicians had to code not only 
the procedure code but also the device code. It does not 
always happen, sometimes only one of them is coded, but 
it is not possible to do a 52072 Cochlear implantation 
without using a 01050 Cochlear implant, and vice versa. 
Therefore when mapping an OENO code for a device or 
device implantation, we sought to code both the device 
and the associated procedure so that no information is 
lost, as shown in examples K) and L).

Domains to map  In rare but important cases the domain 
(in OMOP CDM) gives an additional meaning to the con-
cept, this may be particularly true for surgical concepts. 
In example M) the OENO code 57151 Vulvectomia uni-
lateralis means that the patient had a vulvectomy on one 
side at the date the procedure was recorded in the EMR. 
In SNOMED CT, there are two good matches to choose 
from: 4327505 Unilateral vulvectomy (Observation) and 
4074152 Partial vulvectomy (Procedure). The word in the 
brackets shows the domain and although the Unilateral 
vulvectomy (Observation) seems better, when the word-
ing and domain are considered together, it may mean 
that the patient has had a vulvectomy on one side at some 
point and only the result is observed at the time of coding. 
Therefore, although less accurate translation, the Partial 
vulvectomy (Procedure) is a better match for the source 
procedure code.

One to many mapping – pre-coordinated or post-
coordinated concepts  If an OENO code’s description 
contains a lot of additional information that makes it dif-
ficult to interpret, usually there is no single SNOMED CT 
code to match it. In these cases, such as in example N) 
12655 Recognition and treatment of lipid metabolism dis-
order, several codes can be found and a post-coordinated 
expression can be put together, such as 4159131 Dyslipid-
emia, 4209828 Recognition and 4079757 Treatment given. 
It would be a fair match, if in OMOP CDM one could link 
the target concepts and use them as post-coordinated 
expressions. However, this is not possible for procedure 
codes, and the above codes do not make sense on their 
own. Therefore, in this case we looked for pre-coordinated 
concepts, 43021492 Lipid disorder initial assessment and 
44804677 Lipid disorder treatment started, because they 
are good matches even on their own.

Hierarchy of target vocabulary  Putting procedure con-
cepts in a hierarchy – linked to conditions, devices, obser-
vations – can be a real challenge and as the OHDSI guide-
lines point out, the hierarchy of the procedure codes is not 
yet complete [24]. Yet, when searching for a target con-
cept, a mapper looks at the parent and children concepts 
of a similar code to find a good match and because of the 
incomplete hierarchy, they might end up finding an inac-
curate match. As an example, shown in Fig. 4., the code 
for “Psychiatric pharmacological management” is not part 
of the hierarchy of psychiatric procedures and therefore is 
not linked to “Psychiatric therapeutic procedure” neither.

Discussion
We have developed a protocol and successfully mapped 
a total number of 4661 Hungarian procedure codes to 
SNOMED CT concepts. The mapping process itself was 
complex and required great attention to details with the 
potential for many errors and misunderstandings. In this 
study we presented the main challenges of mapping and 
how these could be overcome.

Matching challenges arose from the different granu-
larity of the vocabularies and the way these vocabularies 
were created: SNOMED CT was established to be a stan-
dard vocabulary of medical terms, and OENO was devel-
oped mainly for financial purposes. The new codes and 
terms were added to facilitate reimbursement, so the aim 
was primarily to make them understandable to specialist 
doctors and medical coders. For this reason, it was suf-
ficient if the term was financially accurate, but in many 
cases it was insignificant whether it was anatomically 
precise. For example, it was irrelevant whether the proce-
dure (e.g., regional anesthesia) was performed on fingers 
or toes, the cost was generally the same.

Despite the validation codes were not perfectly the 
same in 40% of the cases, a manual check of the codes 
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showed that in general both matches were plausible. It 
is just that sometimes, among the large number of pos-
sibilities, different mappers chose different ones, but 
both chosen concepts may be clinically sound. However, 
because the research cohorts are usually based on all the 
possible concepts of the same clinical event or condition 
[25], as long as the concept is clinically a good match, it 
will likely fall within the cohort definition. Still, it seems 
better for institutions in a country to use the same map-
ping rather than to each create their own to eliminate 
possible differences in mapping and to create a more reli-
able RWD for research.

Similar studies
International literature on the subject is limited, but 
our study has drawn heavily on the experience of other 
workgroups.

A consortium of German university hospitals con-
ducted a preliminary study on OMOP implementation 
but did not manually map procedure codes as this would 
require deep medical knowledge and resources [26] 
(2015). Later (2019) a feasibility study with 1000 proce-
dure codes was conducted in Germany [27] using manual 
mapping, with challenges and findings similar to ours. 
(1) Some procedure concepts are generally only under-
stood by specialists. (2) There is not always an equiva-
lent match to the source concept, so there are match 
types expressing the equivalence: wider or equivalent. 
(3) These procedure codes are sometimes complemented 
with parameters important for billing such as vaguely 
described anatomic sites or numbers and these charac-
teristics make it more difficult to map procedure (bill-
ing) codes to SNOMED CT, compared with cases where 
the anatomic sites are more precise and numbers are not 
present in the concept.

Besides the similarities, there were also some differ-
ences between our studies: they could not map all their 
codes with pre-coordinated SNOMED CT concepts, 
but they were able to use post-coordinated SNOMED 
CT expressions, which we did not use in our mapping, 
because they are not used in OMOP CDM. They did 
not map the devices that appear in the codes but in our 
case these were mapped and have their place in OMOP 
CDM. In their mapping they had 61% (n = 610) wider 
match and 34.2% (n = 342) equivalent, compared to our 
34.5% (n = 2133) wider and 62.5% (n = 3867) equivalent. 
The difference may be due to the fact that the German 
billing code system has over 35,000 codes compared to 
our nearly 9000 codes, so their codes might be a lot more 
detailed, and therefore more difficult to map to an equiv-
alent match. Although, using post-coordinated expres-
sions might have made it easier to generate equivalent 
matches for them.

In South Korea, the reason for mapping a subset of 
their claim procedure codes was to explore ways to 
improve their own codes. They mapped 726 codes in five 
specialty areas, and in their mapping 41.9% (n = 304) of 
the codes were matched exactly and 40.7% (n = 295) par-
tially, compared to our 62.5% (n = 3867) equivalent and 
34.5% (n = 2133) wider [28]. Their findings show similari-
ties to the problems with our national procedure codes: 
a hierarchy would be useful, and improving code labels 
would make the codes more understandable. Later, for 
research reasons, another subset, therapeutic and surgi-
cal procedures, was mapped to SNOMED CT from their 
claims procedure codes (2500 codes out of 9879) [29].

The main difference between our study and theirs was 
that they used post-coordinated concepts in half of the 
mappings similarly to Schulz et al. [27], i.e. they associ-
ated attributes and values to concepts. This is a useful way 

Fig. 4  Partially connected hierarchy of some psychiatric procedures
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to explain complex source concepts, but is not compat-
ible with OMOP CDM, so we could not use this method. 
Although the difficulties they encountered were similar 
to ours, such as the ambiguity of source codes and the 
need to clarify them. Moreover, they had similar issues 
with the nature of the claim codes: sometimes multiple 
procedure sites were included in one source code because 
it is usually indifferent for the healthcare payer where the 
procedure occurred. In their mapping, 63.6% of the tar-
get concepts were exact match to the source code, which 
is similar to ours; this may be due to the fact that we have 
a similar number of procedure codes, around 9000.

There are a few studies in the literature in which not 
procedure codes but other concepts, such as laboratory 
codes or emergency medical codes have been mapped to 
standard terminologies [30, 31]. These studies reported 
similar conclusions: the work was worthwhile and should 
be continued for good semantic interoperability and not 
all the national codes can be perfectly mapped to stan-
dard codes. For the German emergency codes they felt 
the need for national extension the SNOMED CT for 
unmapped terms, although for the Russian laboratory 
codes they concluded that those few unmapped codes are 
not so important. In our case, we were able to map nearly 
all the codes we wanted to map, but in quite a few cases 
only to a wider term, so there can be some lost informa-
tion in the mapping, and solutions to this may improve 
the quality of standardized data in OMOP CDM.

Limitations and strengths
Limitations of our work include that we did not map 
all the OENO codes due to resource constraints and 
because this mapping was sufficient to meet the needs 
of the project. In addition, despite our best efforts, there 
are still likely to be errors in the mapping, or cases where 
there may be a more precise match than we found. A fur-
ther limitation was that some codes were very specific to 
a particular clinical area (e.g. early childhood develop-
ment) and we were not able to involve the appropriate 
expert of the specialty, so there may be shortcomings in 
the mapping of these codes.

Strengths included the use of a well-developed map-
ping protocol and training material to ensure consistency 
in the process, the involvement of a wide range of spe-
cialists with practical and detailed clinical knowledge 
of the procedures, and the iterative process we used to 
review and validate mapping results to prevent errors in 
this demanding task.

Conclusions
Future work should include refining the mapping, both 
methodologically but more importantly, looking for bet-
ter matches where the match seems to be unclear. This 
could happen with the involvement of more specialists.

Mapping will need to be updated over time: new codes 
have already appeared and will continue to be introduced 
as medical diagnostic and therapeutic procedures evolve. 
For example, OENO codes for robot-assisted surgery 
have been added to the list since we finished our map-
ping. In order to ensure the mapping does not become 
outdated, regular update is needed to map the new codes 
from the national OENO vocabulary and possibly find a 
better match with the new standard codes.

To the best of our knowledge, there are no other stud-
ies on the mapping of Hungarian procedure codes to 
SNOMED CT, and the number of studies in the litera-
ture describing the process of mapping national proce-
dure codes to SNOMED CT is also limited. Although the 
mapping process is different in each case, it is important 
to learn from other working groups. We hope that shar-
ing our experience can help the community in this work 
and contribute to the great work of standardization of 
medical data in Europe and worldwide.

List of abbreviations
BNO	� Hungarian diagnosis vocabulary
DARWIN	� EU Data Analysis and Real World Interrogation Network
EHDEN	� European Health Data Evidence Network
EMR	� Electronic medical record
ICD	� International Classification of Diseases
ICPM	� International Classification of Procedures in Medicine
LOINC	� Logical Observation Identifiers Names and Codes
OENO	� Hungarian procedure codes vocabulary
OHDSI	� Observational Health Data Sciences and Informatics
OMOP CDM	� Observational and Medical Outcomes Partnerships Common 

Data Model
SNOMED CT	� Systematized Nomenclature of Medicine Clinical Terms
RWD	� Real-world data

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12874-023-02036-x.

Supplementary Material 1

Acknowledgements
The authors express their gratitude to László Balkányi and Zoltán Vokó for 
their contribution to the success of the work. We would like to thank to the 
following experts for their work in the mapping procedure: Adél Molnár MD, 
Richárd Ármós MD, Erzsébet Szabóné Révész MD, Katalin Pártos MD, Márton 
Magyar MD, Magdolna Ozsvári-Vidákovich MD, Ágnes Stier, Éva Pinti MD, 
Veronika Bagyuráné Dr. Frank MD, Anna Budai MD, Melánia Pozsgai MD, Tamás 
Molnár MD, János Uzsaly MD, István Pap MD, Bálint Kolumbán MD, László Bors 
MD, Balázs Pécsi MD, Tibor Holcz, Gábor Vincze MD, Viktor Vörös MD, Péter 
Osváth MD, Gábor Szekeres MD, Gábor Vincze, Zoltán Fábos MD, Mátyás Belák 
MD.

Authors’ contributions
All authors contributed substantially to the project design, interpretation, and 
the writing of the manuscript. Zs.B. and A.Z. supervised the project. S.K. and 
T.H. analyzed the data, T.H. and A.M. designed the figures. A.M. and A.Z. wrote 
the first version of the manuscript with input from all authors. All authors read 
and approved the final version.

https://doi.org/10.1186/s12874-023-02036-x
https://doi.org/10.1186/s12874-023-02036-x


Page 10 of 10Mészáros et al. BMC Medical Research Methodology          (2023) 23:240 

Funding
This project received support from the EHDEN project. EHDEN received 
funding from the Innovative Medicines Initiative 2 Joint Undertaking 
(JU) under grant agreement no. 806968. The project was financed by the 
Thematic Excellence Program 2021 National Defence Sub-programme of the 
Ministry for Innovation and Technology in Hungary, within the framework 
of the Development of Semmelweis Biobank Federated Data Warehouse 
for supporting the privacy preserving national genomic data sharing (SEFA) 
thematic programme of the Semmelweis University (TKP2021-NVA-15). 
This study was also supported by Economic Development and Innovation 
Operational Programme Grant ‘Competence Center for Health Data Analysis, 
Data Utilisation and Smart Device and Technology Development at the 
University of Pécs’ (GINOP-2.3.4-15-2020-00010). The funders had no role 
in study design and analysis, decision to publish, or preparation of the 
manuscript.
Open access funding provided by Semmelweis University.

Data Availability
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
All methods were carried out in accordance with relevant guidelines and 
regulations (incl. Declaration of Helsinki). Ethical approval for this study was 
waived by the Regional Research Ethics Committee of the Medical Center, 
Pécs, Hungary (Record number 9580 – PTE 2023). The need for informed 
consent was waived by the Regional Ethics Committee of the Medical Center, 
Pécs, Hungary (Record number 9580 – PTE 2023).

Consent for publication
Not applicable. Our manuscript does not contain data from any individual 
person.

Competing interests
The authors declare no competing interests.

Received: 2 February 2023 / Accepted: 19 September 2023

References
1.	 Agency EM. “A vision for use of real-world evidence in EU medicines regula-

tion,” 2022. https://www.ema.europa.eu/en/news/vision-use-real-world-
evidence-eu-medicines-regulation (accessed Dec. 18, 2022).

2.	 Food US, Administration D, “, Real-World Evidence. ” 2022. https://www.
fda.gov/science-research/science-and-research-special-topics/real-world-
evidence (accessed Dec. 18, 2022).

3.	 Oortwijn W, Sampietro-Colom L, Trowman R. “How to Deal with the Inevi-
table: Generating Real-World Data and Using Real-World Evidence for HTA 
Purposes – From Theory to Action,” Int J Technol Assess Health Care, vol. 35, 
no. 4, pp. 346–350, Jun. 2019, https://doi.org/10.1017/S0266462319000400

4.	 Tachkov K, et al. Barriers to Use Artificial Intelligence Methodologies in Health 
Technology Assessment in Central and East European Countries. Front Public 
Health. Jul. 2022;10. https://doi.org/10.3389/fpubh.2022.921226

5.	 Agency EM, “Data Analysis and Real World Interrogation Network (DARWIN 
EU)., ” 2021. https://www.ema.europa.eu/en/about-us/how-we-work/big-
data/data-analysis-real-world-interrogation-network-darwin-eu (accessed 
Dec. 18, 2022).

6.	 Observational Health Data Sciences and, Informatics “OMOP, Common 
Data Model. ” 2022. https://www.ohdsi.org/data-standardization/the-com-
mon-data-model/ (accessed Jul. 15, 2022).

7.	 Rieke N, et al. The future of digital health with federated learning. NPJ Digit 
Med. Sep. 2020;3(1):119. https://doi.org/10.1038/s41746-020-00323-1

8.	 WHO., “WHO Family of International Classifications (FIC),” 2022. https://www.
who.int/standards/classifications (accessed Dec. 18, 2022).

9.	 Ministry of National Resources., 9/2012 (II. 28.) NEFMI Decree. Accessed: Dec. 
18, 2022. [Online]. Available: https://njt.hu/jogszabaly/2012-9-20-2V

10.	 Ministry of National Resources., 10/2012 (II. 28.) NEFMI Decree. Accessed: Dec. 
18, 2022. [Online]. Available: https://njt.hu/jogszabaly/2012-10-20-2V

11.	 WHO., “International Classification of Procedures in Medicine.” Accessed: 
Jan. 19, 2023. [Online]. Available: https://apps.who.int/iris/bitstream/han-
dle/10665/40527/9241541253_eng.pdf;sequence=2

12.	 Endrei D, Ágoston I, Boncz I. Egészségügyben használatos adatbázisok és 
kódrendszerek [Databases and code systems used in healthcare]. 2015. 
Accessed: Jan. 19, 2023. [Online]. Available: https://www.etk.pte.hu/pro-
tected/OktatasiAnyagok/%21Palyazati/eukodrendszerek/EubenHasznalatosK
odrendszerek_20160118jo.pdf

13.	 Boncz I, Nagy J, Sebestyén A, Kőrösi L. “Financing of health care services in 
Hungary,” The European Journal of Health Economics, formerly: HEPAC, vol. 5, 
no. 3, pp. 252–258, Sep. 2004, https://doi.org/10.1007/s10198-004-0228-3

14.	 Gaal P, Stefka N, Nagy J. “Cost accounting methodologies in price setting 
of acute inpatient services in Hungary,” Health Care Manag Sci, vol. 9, no. 3, 
pp. 243–250, Aug. 2006, https://doi.org/10.1007/s10729-006-9091-3

15.	 International SNOMED, SNOMED-CT. “.” https://www.snomed.org/ (accessed 
Dec. 18, 2022).

16.	 LOINC “LOINC. ” https://loinc.org/ (Accessed Dec 18, 2022).
17.	 National Libraray of Medicine., “RxNorm.” https://www.nlm.nih.gov/research/

umls/rxnorm/index.html (accessed Dec. 18, 2022).
18.	 HemOnc.org., HemOnc.org - A free Hematology/Oncology reference. https://

hemonc.org/wiki/Main_Page (accessed Dec. 18, 2022).
19.	 Service NCT, “SNOMED CT-AU, -. Mapping Guidelines v2.0”, Accessed: Dec. 

18, 2022. [Online]. Available: https://www.healthterminologies.gov.au/
library/NEHTA_1790_2014_SNOMEDCTAU_MappingGuidelines_v2.0.pdf?_
filename=NEHTA_1790_2014_SNOMEDCTAU_MappingGuidelines_v2.0.pdf

20.	 Observational Health Data Sciences and Informatics., “Mapping of Concepts.” 
https://www.ohdsi.org/web/wiki/doku.php?id=documentation:vocabulary:
mapping (accessed Dec. 18, 2022).

21.	 Observational Health Data Sciences and Informatics., The Book of OHDSI. 
Accessed: Dec. 18, 2022. [Online]. Available: https://ohdsi.github.io/
TheBookOfOhdsi/

22.	 OHDSI., “Standardized Data: The OMOP Common Data Model.” https://www.
ohdsi.org/data-standardization/ (accessed Jan. 19, 2023).

23.	 International SNOMED, “SNOMED CT Editorial Guide. ” https://confluence.
ihtsdotools.org/display/DOCEG (accessed Jan. 19, 2023).

24.	 Observational Health Data Sciences and Informatics., “Chapter 5 Standard-
ized Vocabularies”, Accessed: Dec. 18, 2022. [Online]. Available: https://ohdsi.
github.io/TheBookOfOhdsi/StandardizedVocabularies.html#conceptAncest

25.	 Observational Health Data Sciences and, Informatics. 10.3 Concept Sets. 
https://ohdsi.github.io/TheBookOfOhdsi/Cohorts.html#conceptSets 
(accessed Dec. 18, 2022).

26.	 Maier C, et al. Towards implementation of OMOP in a German University 
Hospital Consortium. Appl Clin Inform. Jan. 2018;09(01):054–61. https://doi.
org/10.1055/s-0037-1617452

27.	 Stefan S, Johannes S, Peter P, Matvey P, Philipp D. Aligning an administrative 
Procedure Coding System with SNOMED CT, Creative Commons License 
Attribution 4.0 International (CC BY 4.0).

28.	 Hwang EJ et al. “Mapping Korean EDI Medical Procedure Code to SNOMED 
CT.,” Stud Health Technol Inform, vol. 264, pp. 178–182, Aug. 2019, https://doi.
org/10.3233/SHTI190207

29.	 Kang H, Park H-A. “Mapping Korean National Health Insurance Reimburse-
ment Claim Codes for Therapeutic and Surgical Procedures to SNOMED-CT 
to Facilitate Data Reuse.,” Stud Health Technol Inform, vol. 290, pp. 101–105, 
Jun. 2022, https://doi.org/10.3233/SHTI220040

30.	 Kopanitsa G. Mapping russian Laboratory terms to LOINC. ” Stud Health 
Technol Inform. 2015;210:379–83.

31.	 Brammen D, et al. Mapping equivalence of German Emergency Department 
Medical Record Concepts with SNOMED CT after implementation with HL7 
CDA. ” Stud Health Technol Inform. 2017;243:175–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://www.ema.europa.eu/en/news/vision-use-real-world-evidence-eu-medicines-regulation
https://www.ema.europa.eu/en/news/vision-use-real-world-evidence-eu-medicines-regulation
https://www.fda.gov/science-research/science-and-research-special-topics/real-world-evidence
https://www.fda.gov/science-research/science-and-research-special-topics/real-world-evidence
https://www.fda.gov/science-research/science-and-research-special-topics/real-world-evidence
https://doi.org/10.1017/S0266462319000400
https://doi.org/10.3389/fpubh.2022.921226
https://www.ema.europa.eu/en/about-us/how-we-work/big-data/data-analysis-real-world-interrogation-network-darwin-eu
https://www.ema.europa.eu/en/about-us/how-we-work/big-data/data-analysis-real-world-interrogation-network-darwin-eu
https://www.ohdsi.org/data-standardization/the-common-data-model/
https://www.ohdsi.org/data-standardization/the-common-data-model/
https://doi.org/10.1038/s41746-020-00323-1
https://www.who.int/standards/classifications
https://www.who.int/standards/classifications
https://njt.hu/jogszabaly/2012-9-20-2V
https://njt.hu/jogszabaly/2012-10-20-2V
https://apps.who.int/iris/bitstream/handle/10665/40527/9241541253_eng.pdf;sequence=2
https://apps.who.int/iris/bitstream/handle/10665/40527/9241541253_eng.pdf;sequence=2
https://www.etk.pte.hu/protected/OktatasiAnyagok/%21Palyazati/eukodrendszerek/EubenHasznalatosKodrendszerek_20160118jo.pdf
https://www.etk.pte.hu/protected/OktatasiAnyagok/%21Palyazati/eukodrendszerek/EubenHasznalatosKodrendszerek_20160118jo.pdf
https://www.etk.pte.hu/protected/OktatasiAnyagok/%21Palyazati/eukodrendszerek/EubenHasznalatosKodrendszerek_20160118jo.pdf
https://doi.org/10.1007/s10198-004-0228-3
https://doi.org/10.1007/s10729-006-9091-3
https://www.snomed.org
https://loinc.org
https://www.nlm.nih.gov/research/umls/rxnorm/index.html
https://www.nlm.nih.gov/research/umls/rxnorm/index.html
https://hemonc.org/wiki/Main_Page
https://hemonc.org/wiki/Main_Page
https://www.healthterminologies.gov.au/library/NEHTA_1790_2014_SNOMEDCTAU_MappingGuidelines_v2.0.pdf?_filename=NEHTA_1790_2014_SNOMEDCTAU_MappingGuidelines_v2.0.pdf
https://www.healthterminologies.gov.au/library/NEHTA_1790_2014_SNOMEDCTAU_MappingGuidelines_v2.0.pdf?_filename=NEHTA_1790_2014_SNOMEDCTAU_MappingGuidelines_v2.0.pdf
https://www.healthterminologies.gov.au/library/NEHTA_1790_2014_SNOMEDCTAU_MappingGuidelines_v2.0.pdf?_filename=NEHTA_1790_2014_SNOMEDCTAU_MappingGuidelines_v2.0.pdf
https://www.ohdsi.org/web/wiki/doku.php?id=documentation:vocabulary:mapping
https://www.ohdsi.org/web/wiki/doku.php?id=documentation:vocabulary:mapping
https://ohdsi.github.io/TheBookOfOhdsi/
https://ohdsi.github.io/TheBookOfOhdsi/
https://www.ohdsi.org/data-standardization/
https://www.ohdsi.org/data-standardization/
https://confluence.ihtsdotools.org/display/DOCEG
https://confluence.ihtsdotools.org/display/DOCEG
https://ohdsi.github.io/TheBookOfOhdsi/StandardizedVocabularies.html#conceptAncest
https://ohdsi.github.io/TheBookOfOhdsi/StandardizedVocabularies.html#conceptAncest
https://ohdsi.github.io/TheBookOfOhdsi/Cohorts.html#conceptSets
https://doi.org/10.1055/s-0037-1617452
https://doi.org/10.1055/s-0037-1617452
https://doi.org/10.3233/SHTI190207
https://doi.org/10.3233/SHTI190207
https://doi.org/10.3233/SHTI220040

	﻿Mapping Hungarian procedure codes to SNOMED CT
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Data and data preparation
	﻿Source vocabulary
	﻿Target vocabularies


	﻿Mapping process
	﻿Finding a match
	﻿Results
	﻿Results in numbers
	﻿Challenges in mapping
	﻿Semantic challenges
	﻿Cultural specificities
	﻿Ambiguous words in the name of the codes
	﻿Unclear modality of the procedure



	﻿Matching challenges
	﻿Location of the procedure
	﻿Granularity differences
	﻿Reason of the procedure
	﻿Codes used for reimbursement purposes only

	﻿Methodological challenges
	﻿Condition in procedure
	﻿Device in procedure
	﻿Domains to map
	﻿One to many mapping – pre-coordinated or post-coordinated concepts
	﻿Hierarchy of target vocabulary

	﻿Discussion
	﻿Similar studies
	﻿Limitations and strengths

	﻿Conclusions
	﻿References


