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Abstract

South Korea has a public and single-payer system for
healthcare services based on fee-for-service payments. The Na-
tional Health Insurance (NHI) reimbursement claim codes are
used by all healthcare providers for reimbursement. This study
mapped NHI reimbursement claim codes for therapeutic and
surgical procedures to the Systematized Nomenclature of Med-
icine Clinical Terms (SNOMED-CT) to facilitate semantic in-
teroperability and data reuse for research. The Source codes
Jfor mapping were 2,500 reimbursement claim codes for thera-
peutic and surgical procedures such as surgery, endoscopic
procedures, and interventional radiology. The target terminol-
ogy for mapping was the ‘Procedure’ hierarchy of the interna-
tional edition of SNOMED-CT released in July 2019. We trans-
lated Korean terms into English, clarified their meaning, ex-
tracted characteristics of the source codes, and mapped them
to pre-coordinated concepts. If a source concept was not
mapped to a pre-coordinated concept, we mapped it to a post-
coordinated expression. The mapping results were validated in-
ternally using dual independent mapping and group discussion
by trained terminologists, and by two physicians with experi-
ence of SNOMED-CT mapping. Out of 2,500 source codes,
1,298 (51.9%) codes were mapped to pre-coordinated con-
cepts, and 1,202 (48.1%) codes were mapped to post-coordi-
nated expressions. The mapping of the NHI reimbursement
claim codes for therapeutic and surgical procedures to
SNOMED-CT is expected to support clinical research by facil-
itating the utilization of health insurance claim data.
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Introduction

Electronic medical record systems have been widely adopted in
South Korea: in 100% of tertiary hospitals, 94.0% of general
hospitals, and 90.0% of other hospitals [1]. However, most of
them were developed in-house and so are not standardized in
terms of vocabulary/ terminology, content, transport, privacy
and security, or identifiers. This contrasts with the National
Health Insurance (NHI) reimbursement claim codes provided
by Health Insurance Review and Assessment Services (HIRA)
being used in all institutions for claims related to medical pro-
cedures. The NHI reimbursement claim data are valuable in that
they are collected nationwide through a single-payer system. As
0f 2019 there were 9,879 NHI reimbursement claim codes in 19
categories, including therapeutic and surgical procedures, basic
medical examinations, evaluation procedures, diagnostic medi-
cal imaging, dental services, palliative care, emergency care,
anesthesia, traditional medicine, meals, and medications [2].
However, it is difficult to use claim data in research with the
current type of code system since it does not have a hierarchical

structure [3]. Mapping code systems can be helpful for linking
between clinical records and clinical knowledge resources, and
also integrating data from multiple heterogeneous sources. It
would therefore be helpful for data reuse if the meaning of each
code is clearly defined and it is mapped to a global standard
terminology in a hierarchical manner for supporting research
[4].

Terminology standards are controlled terms and definitions
used to express concepts in a manner that is clear to the recipi-
ents of information, and they use structured vocabularies and
terms that represent concepts [5]. The Systematized Nomencla-
ture of Medicine Clinical Terms (SNOMED-CT) is a globally
used reference terminology that has extensive coverage, with
the January 2021 release containing 354,448 active concepts.
SNOMED-CT supports post-coordination to represent addi-
tional detail of the meaning of clinical concepts by combining
existing concepts. The mapping of SNOMED-CT to ICD-9
(ninth revision of the International Classification of Diseases),
ICD-10-CM (tenth revision of the International Classification
of Diseases, Clinical Modification), and LOINC (Logical Ob-
servation Identifiers Names and Codes) facilitates data integra-
tion. South Korea joined SNOMED International as the 39th
member in August 2020 and designated the Korea Health In-
formation Service as the national release center.

In this study, we mapped therapeutic and surgical procedure
codes of NHI reimbursement claim codes to SNOMED-CT, to
facilitate the reuse of health insurance claim data for clinical
research.

Methods

Material

Source codes

The source codes utilized in this study comprised 2,500 active
codes for therapeutic and surgical procedures covered by insur-
ers for treatment and surgery excluding dental services in 2019.
The codes for therapeutic and surgical procedures include those
for procedures such as general treatment, endoscopy, emer-
gency treatment, solid organ transplantation, interventional ra-
diography, dialysis, cast, and surgery.

An NHI reimbursement claim code consists of five digits: one
or two alphabet letters and three or four numbers. Each code
has Korean and English terms, and there are cases where Eng-
lish terms are not provided.

Target codes
The international edition of SNOMED-CT released on July 31,

2019 was used as the target terminology. The target concepts in
this study were restricted to the ‘Procedure’ top-level hierarchy.
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Mapping Method

The mapping method consisted of steps for clarifying the mean-
ing of the code, mapping, internal and external validation, and
presentation of the map, as shown in Figure 1.

Figure 1— Research process
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Translate Korean terms into English

When English terms were not provided with the source codes,
Korean terms were translated into English terms.

Clarify the meaning of the term

When the English name of a source code was ambiguous, the
meaning of the code was clarified by using the following infor-
mation provided by the HIRA portal (https://biz.hira.or.kr/):

1. Text definition of the procedure

2. Target, means, and action of the procedure based on
the International Classification of Health Interven-
tions (ICHI) published by the World Health Organi-
zation.

3. Additional information, such as when to use the pro-
cedure, a detailed description of the procedure, and a
case study of the procedure.

If the meaning of the source was not clear even though the
above information, we consulted an expert in the field.

Extract characteristics of source codes

We extracted characteristics such as the procedure site, ap-
proach, device, substance, focus disorder, and intent of the pro-
cedure.

Mapping to SNOMED-CT

Mapping Personnel

Four registered nurses who majored in nursing informatics and
with experience in SNOMED-CT mapping were recruited.
They each had at least 2 years of clinical experience in tertiary
hospitals. They had received education about the component,
concept model, expressions, and mapping of SNOMED-CT,
and had performed SNOMED-CT mapping in a previous re-
search project that involved mapping local diagnoses, proce-
dures, and clinical findings from around 12,000 surgical rec-
ords. The mapping was conducted in two teams, with two map-
pers assigned to each team. Half of the source codes were as-
signed to each team.

Mapping Principles

The basic mapping principles used in this study were as fol-
lows:

1. Semantic mapping (not lexical mapping) was per-
formed.

2. The source codes were mapped to the concepts of ‘Pro-
cedure’ hierarchy.

3. The map correlation was classified as exact, narrow to
broad, or broad to narrow as provided by SNOMED-
CT.

4. When a source code was not mapped to a pre-coordi-
nated concept, it was mapped to a post-coordinated ex-
pression to represent the characteristics of the code.

5. When a source code included multiple procedures, they
were separated for the mapping process.

e Map Types

The map types were classified by the expression type, map car-
dinality, and map correlation, as shown in Figure 2. The expres-
sion type was classified as either pre-coordinated concepts or
post-coordinated expressions. When a source code mapped to a
pre-coordinated concept and post-coordinated expression, the
map was classified as a 1:n map. The map cardinality was based
on how many target concepts were used for a single source
code. The map correlation based on the target concept was se-
mantically exact, or broader or narrower than the source code.

Figure 2— Map types
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We followed the mapping flow and classified the mapping type
as shown in Figure 3.

First, mappers searched the SNOMED-CT browser for a lexi-
cally matched pre-coordinated concept, and when semantic
equivalence was confirmed the map was classified as ‘Exactly
mapped to a pre-coordinated concept.’

Second, when there was no lexical match, we looked for a se-
mantic match with the pre-coordinated SNOMED-CT concept
using synonyms, related terms, broader terms, or narrower
terms.

We used typical synonyms for medical terms; for example, we
used ‘surgery’ instead of ‘operation’ when searching for seman-
tically matched concept for ‘Operation of nystagmus,” and this
was mapped to the pre-coordinated concept ‘|Nystagmus sur-
gery (procedure)|’ and classified as ‘Exactly mapped to a pre-
coordinated concept.” As another example, ‘removal,” ‘correc-
tion,” ‘stomach,” ‘cerebral,” and ‘hepato,” were considered as
synonyms for ‘extraction,” ‘repair,” ‘gastric,” ‘intracranial,” and
‘liver’ respectively.

Related terms, broader terms, and narrower terms were also
used to find a semantic match using the browse-up and browse-
down approach. When there is no equivalent pre-coordinated
concept, we looked for a partially overlapped pre-coordinated
concept. If there were no partially overlapping pre-coordinated
concepts, the source concept was not mapped.

When there was a partially overlapping concept, and the con-
cept was narrower than the source code, the map was classified
as ‘Broad to narrow mapped to a pre-coordinated concept.’

When there was a broader pre-coordinated concept, we checked
if post-coordination could be performed to express characteris-
tics of the source code. If there was no attribute—value pair
available to express the characteristics, the source concept was
mapped to the focus pre-coordinated concept, and classified as
‘Narrow to broad mapped to a pre-coordinated concept;’ for ex-
ample, ‘hyperbaric oxygen therapy over 2 hours’ was mapped
to ‘|Hyperbaric oxygen therapy (procedure)|.”

If there were attribute—value pairs available to express the char-
acteristics of the source concept, they were post-coordinated as
close as possible with a focus concept and one or more attrib-
ute—value pairs. When we post-coordinated a focus concept
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with attribute—value pairs, we searched attribute and value con-
cepts while considering SNOMED-CT rules with the MRCM
(Machine Readable Concept Model) browser; for example,
‘Angioplasty of blood vessel (End-to-End Anastomosis) - By
Thoracotomy’ was mapped to |[Angioplasty of blood vessel
(procedure)|: {|{Method (attribute)| = |[End-to-end anastomosis -
action (qualifier value)|, |Surgical approach (attribute)] =
[Transthoracic approach (qualifier value)|)} with extracted
characteristics.

When the post-coordinated expression was semantically equiv-
alent to the source code, the map was classified as ‘Exactly
mapped to a post-coordinated expression.” When the post-coor-
dination expression had a broader meaning than the source
code, the map was classified as ‘Narrow to broad mapped to a
post-coordinated expression.” When the post-coordinated ex-
pression had a narrower meaning than the source code, the map
was classified as ‘Broad to narrow mapped to a post-coordi-
nated expression.’

For post-coordinated expressions, the frequency of use of at-
tributes was analyzed in order to understand the characteristics
of the source codes.

When a single source code included multiple procedures, each
of them was followed using the mapping process and mapped
separately. The map in this case was classified as a 1:n map in
terms of cardinality; for example, the source code ‘Release of
scar contracture and flap operation” was mapped to the two
SNOMED-CT concepts of ‘|Relaxation of scar contracture of
skin (procedure)|” and ‘|Skin flap operation (procedure)|,” and
categorized as a 1:n map.

Figure 3— Mapping flow
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Internal and external validation

The therapeutic and surgical procedure codes to SNOMED-CT
map were validated internally and externally, as shown in Fig-
ure 4.

For internal validation, the mapping results of the two mappers
were compared within each team after they had independently
performed mapping. When the two mappers agreed with the
maps, the maps were considered internally valid. If they disa-
greed with the maps, the maps were discussed in group meet-
ings attended by the project manager and other researchers who
were not involved in the mapping process. Group meetings
were held throughout the study period and were attended by an
average of five researchers with experience of SNOMED-CT
mapping. The most appropriate mapping for the map for which
there was disagreement was discussed and then decided. Con-
sistency with other maps was also considered in this process.

For external validation, some of the maps were extracted and
validated by two physicians with experience of SNOMED-CT
mapping but who had not participated in the mapping process.
They either agreed with the extracted map or suggested a new
map.

Figure 4 — Map validation process
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Presentation of the map

The final map was provided in an Excel spreadsheet along with
a ‘read me’ text file. The columns in the spreadsheet comprised
source code, Korean terms, English terms, map correlation
types, pre-coordinated SNOMED-CT concepts (ID and fully
specified name), post-coordinated focus concepts (ID and fully
specified name) with attribute concepts (ID and fully specified
name), and value concepts (ID and fully specified name) and
post-coordinated expressions. When a post-coordinated expres-
sion had more than one attribute—value pair, each attribute—
value pair was represented in a row. When a single source code
was mapped to multiple target concepts, it was presented as a
separate row. The ‘read me’ file described the data format, the
source code, the target code including version information, and
precautions when using the map file.

Results

Mapping result

The result of mapping between the therapeutic and surgical pro-
cedure codes and SNOMED-CT is presented in Table 1. Out of
2,500 source codes, 1,298 (51.9%) codes were mapped to pre-
coordinated concepts, and 1,202 (48.1%) codes were mapped
to post-coordinated expressions. Out of 2,500 source codes,
2,057 (82.3%) codes were mapped to one target concept, and
443 (17.7%) codes were mapped to many target concepts. Re-
gardless of mapping expression or cardinality, semantically
1,589 (63.6%) source codes were exactly mapped to
SNOMED-CT pre-coordinated concepts or post-coordinated
expressions.
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Table 1— Mapping result

Mapping type No. (%)
Pre- 1:1 Exact 651 (26.0)
coordinated Narrow to broad 395 (15.8)
concept I:'n Exact 147 (5.9)
Narrow to broad 100 (4.0)
Partial overlap 5(0.2)
Subtotal 1,298 (51.9)
Post- 1:1 Exact 666 (26.6)
coordinated Narrow to broad 344 (13.8)
expression Partial overlap 1 (0.04)
I:'n Exact 125 (5.0)
Narrow to broad 62 (2.5)
Partial overlap 4(0.2)
Subtotal 1,202 (48.1)
Total 2,500 (100)

Analysis of attribute—value pairs for post-coordinated
expressions

There were 2,007 attribute—value pairs used for 1,202 post-co-
ordinated expressions, corresponding to an average of 1.7 coor-
dinated attribute—value pairs. There were 14 types of attributes
used for post-coordination as well as 4 subtypes, as shown in
Figure 5.

The most commonly used attribute type was ‘Procedure site.’
This was used 720 times, including in the subtype attributes
‘Procedure site - direct’ and ‘Procedure site - indirect.” The next
most commonly used attribute type was ‘Has focus,” while the
third most commonly used one was ‘Procedure morphology.’
In the case of ‘Procedure morphology,” both the subtype attrib-
utes of ‘Direct morphology’ and ‘Indirect morphology’ were
used. The ‘Surgical approach,” ‘Using device,” ‘Method,” and
‘Using substance’ types were most often used next.

Figure 5 — Frequency of attributes used for post-coordinated
expressions
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The maximum number of attribute—value pairs used to express
a single code was three; for example, ‘Angioplasty of blood
vessel with artificial graft using surgical patch by thoracotomy’
was expressed using ‘|Angioplasty of blood vessel (procedure)|
: {(\Using substance (attribute)| = |Artificial graft - material
(substance)|, |Using device (attribute)| = |Surgical patch
(physical ~ object)|, |Surgical approach (attribute)] =
|Transthoracic approach (qualifier value)|)}.

Discussion

In this study, the following challenges were encountered due to
the characteristics of the health insurance reimbursement claim
codes. First, the Korean and English terms of the source codes
were ambiguous, so that we had to clarify the exact meaning

with additional information. Although the current reimburse-
ment claim codes contain structural information referring to the
ICHI, the exact meaning of the procedure is not reflected in the
code name. Therefore, preprocessing of the source codes is re-
quired to utilize the data. Second, similar types of procedures
were assigned to one code if the premiums paid were the same
for the convenience of claiming, which required post-coordina-
tions. According to the mapping result, SNOMED-CT post-co-
ordinated expressions were required at 48.1% to express the
source codes. We found that the ‘Procedure site’ attribute type
was the most frequently used; for example, the source code
‘Hypospadias repair of penile structure, perineal structure, or
glans penis structure’ includes the three procedure sites of ‘Pe-
nile structure,” ‘Perineal structure,” and ‘Glans penis structure’
for a single procedure. To express all three procedure sites, we
used the ‘Procedure site - Direct’ attribute and body structure
values as pairs.

Therefore, the result of this study can facilitate the reuse of
health insurance claim data for clinical research by clearly and
structurally expressing the meaning of the codes with
SNOMED-CT pre-coordinated concepts and post-coordinated
expressions.

The considerations of mapping discovered through this re-
search process are as follows. First, basic principles for map-
ping must be established and shared within the team for con-
sistency. Next, in the mapping process, not only terminology
experts with background knowledge are needed, but also advi-
sors with expertise in the mapping area are needed to accurately
understand the source concepts and map them semantically. Fi-
nally, systematic validation for the mapping result should be
established. As the number of mapping increases, more efforts
will be required to assure the quality of the mapping.

Conclusions

The findings of this study are expected to facilitate the reuse of
research on widely used therapeutic and surgical procedure
codes other than for insurance claim purposes.

Future research should map the domestic codes and local terms
used in various fields to SNOMED-CT. Also, education about
consistent mapping and the establishment of a national termi-
nology management system is needed to extend the mapping
and use of SNOMED-CT.
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