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Objectives: Coding Systematized Nomenclature of Medicine, Clinical Terms (SNOMED CT) with complex and polysemy
clinical terms may ask coder to have a high level of knowledge of clinical domains, but with simpler clinical terms, coding
may require only simpler knowledge. However, there are few studies quantitatively showing the relation between domain
knowledge and coding ability. So, we tried to show the relationship between those two areas. Methods: We extracted diagno-
sis and operation names from electronic medical records of a university hospital for 500 ophthalmology and 500 neurosur-
gery patients. The coding process involved one ophthalmologist, one neurosurgeon, and one medical record technician who
had no experience of SNOMED coding, without limitation to accessing of data for coding. The coding results and domain
knowledge were compared. Results: 705 and 576 diagnoses, and 500 and 629 operation names from ophthalmology and
neurosurgery, were enrolled, respectively. The physicians showed higher performance in coding than in MRT for all domains;
all specialist physicians showed the highest performance in domains of their own departments. All three coders showed
statistically better coding rates in diagnosis than in operation names (p < 0.001). Conclusions: Performance of SNOMED
coding with clinical terms is strongly related to the knowledge level of the domain and the complexity of the clinical terms.
Physicians who generate clinical data can be the best potential candidates as excellent coders from the aspect of coding per-
formance.
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l. Introduction

Systematized Nomenclature of Medicine, Clinical Terms

Corresponding Author (SNOMED CT) is a comprehensive terminology system that
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provides clinical content and expressivity in the clinical field
[1] and has been promoted as a key terminology standard by
various standards organizations [2-4]. The size of the termi-

o o , nology with over 350,000 concepts provides more possibility
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to find correct match [5].

In order to use SNOMED CT at clinical situation, imple-
menting SNOMED CT in Electronic Health Record (EHR)
systems is necessary and promising way to build the infra-
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structure for health information functionalities. However,
the complexity and polysemy of myriad clinical terms make
accurate implementation of the standard terminology a
challenge. Coding variation and ambiguity has been issues
with SNOMED CT [3]. Efforts are under way to reduce the
variability of coding and ambiguity. Qamar et al. [6] selected
ambiguous data model and remodeled them to make clear
the structure of the data. They reported improved mapping
results and agreements among clinical experts. Patrick et
al. [7] found moderate variation even when coders are lim-
ited to the use of pre-coordinated terms. They claimed that
clearer guidelines and structured data entry tools are needed
to better manage the coding variation.

Some researchers found the reason of variation of coding
from the human side, the coder. When standard terminology
is used by non-terminology expert, variation may occur [7].
Chiang et al. [8] studied agreement among three physicians
using two SNOMED CT browsers to encode. They found out
physicians training is required to promote coding reproduc-
ibility. Also the role of coding experts is highlighted in previ-
ous article, however, there can be discrepancies of SNOMED
CT coding of same clinical terms even among coding experts
with little semantic agreement [4].

In this article we tried to evaluate the effect of domain
knowledge level to match SNOMED CT with clinical data.
Although physicians are main generators of clinical data, the
importance of their role is uncertain in coding process, since
it is medical record technician’s field to code clinical terms.
However, clinical data have both literal meanings and clini-
cian’s intention and their intention should be fully under-
stood clinician themselves who have most domain knowl-
edge with which they generated data. Post-coordination of
clinical concepts require high level of domain knowledge to
match semantically with clinical data. Accordingly, the do-
main knowledge of physician in medical area seems to play
an important role for coding standard terminology. Espe-
cially with SNOMED CT, physicians’ role may be inevitable,
since it has more granular and detailed concepts system than
any other terminology system. But, there is few data quan-
titatively showing the relation between domain knowledge
with coding ability yet. So, we compared the coding results
with non-clinical experts and clinical experts in the domain
of the operation name and diagnosis to reveals the effect of
knowledge level to standard terminology coding.

Il. Methods

1. Clinical Data
We collected diagnosis and operation names records from
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500 ophthalmology and 500 neurosurgery patients. The
patients were selected randomly by order of first spell of
name among patients who were operated during admission
in a university hospital from February to October 2010. We
extracted records of diagnosis and operation names from
discharge summary in EHR system. They were all free text
data written in English by the physicians, which were not
modified by any other medical record technician. At the
hospital, corresponding International Classification of Dis-
eases (ICD) codes are stored in a different section of the
discharge summary. If the discharge summary contained
more than two records of the diagnosis or operation names,
maximally two were selected from each patient. However,
for neurosurgical diagnosis only 1 record of operation name
was allowed in each patient, because the record of operation
names in neurosurgical department tend to consist of more
than two operation names (e.g., pterional approach for clip-
ping of right middle cerebral artery [MCA] aneurysm and
external ventricular drainage [EVD]). Diagnosis and opera-
tion names, which were not specific to ophthalmology or
neurosurgery department, were not included. For example,
hypertension, diabetes mellitus were not included because
the patient admitted on ophthalmology or neurosurgery de-
partment mainly due to these diseases. So, the only familiar
diagnosis and operation names to the ophthalmologist or
neurosurgeon were included. Abbreviations were resumed to
its original terms before coding process.

2. The Coders

An ophthalmologist, a neurosurgeon and a medical record
technician did SNOMED CT coding. All three coders did
not have any experience in SNOMED CT coding with clini-
cal data before. However, they all had experience in coding
diagnosis and operation names into ICD-10 codes. Instruc-
tions about SNOMED CT code demo version browser (Clin-
iClue; The Clinical Information Consultancy, Newtown,
UK) were given to all coders. Books and internet access
were allowed to them without limitation. They could search
meaning of medical terms, medical knowledge and opera-
tion methods on websites which includes National Institute
of Health, Wikipedia, and Google. Only communication
among them during coding process was prohibited.

3. Parsing and Coding

The narrative texts of each diagnosis and operation names
were parsed into words. The process was done to parse
sentences into discrete concepts by a uniform methodol-
ogy. Multiple-word pre-coordinated terms were considered
a single concept. For example, “anterior lumbar interbody
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fusion” was parsed into “lumbar interbody fusion” and “an-
terior”. This process was monitored by the SNOMED expert.
Three coders were instructed to find best matching codes of
SNOMED CT with each word or concept of diagnosis and
operation names. The coders were allowed to make concepts
from provided words to find out matched SNOMED CT
concept. CliniClue browser was used to search and verify
coding results. We used SNOMED data file released in July
2009.

4. Evaluation of Coding Results

The coding results were reviewed by all of three coders to-
gether with a SNOMED expert. When a narrative text of
diagnose or operation name was exactly matched with one
SNOMED CT concept or post-coordinated SNOMED CT
concepts, we defined that diagnose or operation name was
successfully coded. If a narrative text was not be fully de-
scribed with SNOMED CT coded, or if a coded SNOMED
CT had additional meaning to the text, we defined that
diagnose or operation name was fail to code. Several differ-
ent SNOMED CT coding can exist for one narrative text,
especially when the text is long. We just evaluated the cod-
ing process at the aspect of semantic. Percent and number of
successfully coded diagnosis or operation names were com-
pared among three coders.

5. Statistical Analysis

Comparison of the successful coding rate between diagnosis
and operation names with 3 coders was made using Wilcox-
on signed-rank test, a test of paired proportions. A p-values
of <0.05 were considered statistically significant. Statistical
analysis was performed using SPSS ver. 12.0 (SPSS Inc., Chi-
cago, IL, USA).

I1l. Results

1. Clinical Data

Five hundred neurosurgical department patient and 500
ophthalmologic patients were enrolled into the study. Seven
hundred and five diagnosis and 500 operation names were
collected from neurosurgical department, and 576 diagnosis
and 629 operation names from ophthalmologic department.
Average number of phased words from one diagnose were
4.66 (range, 1 to 12 words) from neurosurgery and 2.92
(range, 1 to 10 words) from ophthalmology. Average number
of phased words from one operation name were 7.74 (range,
1 to 28 words) from neurosurgery and 4.88 (range, 1 to 14
words) from ophthalmology.

188  www.e-hir.org

HIR

2. Coding Results

In reviewing with three coders and one expert coder, we
found that only 16 diagnosis and 14 operation names from
neurosurgery and 78 diagnosis and 25 operation names
from ophthalmology were coded with one concept ID
of SNOMED CT (total 133 concepts). Out of 133 narra-
tive texts, 25 cases were not searched at CliniClue browser
with original text contents. The 25 cases were found in the
browser after searching with transformed texts keeping same
meaning. The other 108 texts were found in the browser with
original texts.

All three coders showed statistically better coding rate
in diagnosis than in operation names (Wilcoxon’s signed-
rank test, p = 0.028). The medical record technician coded
437 (61.9%) neurosurgical and 479 (83.2%) ophthalmologic
diagnosis correctly. However, she coded only 124 (24.8%)
neurosurgical and 163 (25.9%) ophthalmologic operation
names. Two physicians also showed better coding rate with
diagnosis than operation names than medical record tech-
nician. The neurosurgeon successfully coded 597 (84.9%)
neurosurgical and 538 (93.4%) ophthalmologic diagnosis.
However, he was successful only in 322 (64.4%) neurosurgi-
cal and 208 (33.1%) ophthalmologic operation names. The
ophthalmologists coded 517 (73.3%) neurosurgical and 555
(93.4%) ophthalmologic diagnosis correctly and 214 (42.8%)
neurosurgical and 355 (56.4%) ophthalmologic operation
names. Among the three coders, two physicians showed
higher coding rates in all domains than the medical record
technician. The neurosurgeon showed highest coding rate
in neurosurgical domains and the ophthalmologist showed
highest coding rate in ophthalmology.

The coefficient of variations (CV) for coding rate of each
medical domain among coders showed increasing tendency
as the average numbers of words of each medical domain
increased (Table 1).

The variation of coding rates among three coders within a
domain was highest in neurosurgical operation names (CV,
45.1%) and lowest in ophthalmologic diagnosis (CV, 7.6%).
The CVs of coding rates in the other domains were 15.7%
and 41.4% in neurosurgical diagnosis and ophthalmologic
operation, respectively.

IV. Discussion

SNOMED CT coding with clinical data is starting with read-
ing the local terms literally. Then the coders extract concepts
from the local term and enter them into browser. From the
results list from SNOMED browser, then, the coder should
select proper SNOMED concept by reasoning with knowl-
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Table 1. Successful SNOMED CT coding rate among three coders with clinical data

Neurosurgical

Ophthalmologic

Variable
Diagnosis Operation Diagnosis Operation

Texts (concepts) 705 500 576 629
Words in a text (average) 4.66 7.74 2.29 4.88
Coding rate (%)

Medical record technician 61.9 24.8 83.2 259

Neurosurgeon 84.9 64.4 93.4 33.1

Ophthalmologist 73.3 42.8 96.4 56.4

Mean 73.4 44.0 91.0 38.5
SD of coding rate among 3 coders (%) 11.5 19.8 6.9 15.9
CV of coding rate among 3 coders (%) 15.7 451 7.6 41.4

SNOMED CT: Systematized Nomenclature of Medicine-Clinical Terms, SD: standard deviation, CV: coefficient of variation.

edge of domain. If the local terms and SNOMED description
are exactly or very similarly matched, the coder could easily
code terminology. However, if there is difference in concept
size between local terms and their SNOMED descriptions,
the coder will need more knowledge on the domain to code
it correctly. To do good coding, the skill and experience of
coding would be also required. However, it can be supposed
that the coding results may be much more influenced by
domain knowledge level of coders in this case. So, we tried
to reveal that the effect of domain knowledge level to code
SNOMED CT with clinical data, by comparing coding rate
in the easy-to-code (diagnosis) and hard-to-code (operation
name) domain between domain expert and non-expert.
Although we cannot assure the diagnosis is generally easier
to code than operation names, the diagnosis contained less
number of words than operation names which could be
consisted with junction of multiple concepts in our study
set. Another explanation on the difference between the di-
agnosis and operation names could be the age of a certain
domain concepts. A concept of diagnosis tends to be more
generalized and older than operation names. For example,
myopia (diagnosis) could be better known to a person than
Lasik (laser in-situ keratomileusis) procedure. The diagnosis
probably could have existed when a neurosurgeon learned
at medical school. Perhaps he did not have a chance to learn
the concept of Lasik when he was a student. Since new eye
operation methods continue to be published in the literature,
it could be better understood by an ophthalmologist than a
neurosurgeon. Because of the speed of scientific advance-
ment, many operation names are not even registered by
SNOMED CT. Also depending on the surgical department,
preferred terms are different. Sometimes similar operation
procedure itself could have different names depending on
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the surgical department. The suffixes “mileusis” means to
“modify shape” of a certain structure. Keratomileusis means
“modifying the shape of the cornea”. However, for a neuro-
surgeon, the preferred term for “modifying certain structure”
could be “-plasty” as in “cranioplasty”. Mileusis rarely used
in neurosurgical terms. If a concept should be understood by
a physician who wishes to code it, “mileusis” could be more
challenging to a neurosurgeon than to an ophthalmologist.

In this study, all of three coders didn’t have coded SNOMED
CT with clinical data at all. The medical record technician
has much more experience of coding ICD-10 than other
two physicians, and would somewhat be more skillful for
coding diagnosis or operation names. She also had learned
SNOMED in an education curriculum at her college. It may
be commonly accepted that two physicians has more knowl-
edge of clinical domain than a medical record technician
and each physicians’ knowledge would be more specialized
in their own major.

Table 1 revealed that two physicians showed higher perfor-
mance of coding in all domains than medical technician and
that neurosurgeon showed best coding rate in neurosurgi-
cal domains and ophthalmologist do so in ophthalmologic
domains. This result represented that the coding rates from
three coders showed correlation with the domain knowledge
levels which the coders were expected to have in general. Ta-
ble 1 also showed the coding rates of diagnosis were higher
than them of operation names by all three coders. It may not
come from the difference of knowledge level among coders
but mainly come from the different complexity and content
of clinical data between diagnosis and operation names,
because even physicians showed 30% lower coding rates in
operation names than diagnosis and average coding rate of
physician in operation names were less than 50%.
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However, it is interesting results that the variations of cod-
ing rates in domains (represented by CVs among coders)
were higher in the domains of operation names than diag-
nosis. Also the numbers of words in clinical records are cor-
related with increasing variation of coding rates among cod-
ers. The operation names had more words in a record than
diagnosis (average, 6.3 and 3.5 words, respectively). The dif-
ference of coding rates variation between diagnosis and op-
eration names seems to be caused by differences of the word
numbers of a record. In general, common concepts have
a tendency to generate one or couple of words to explain
or descript the concepts. Complex or unfamiliar concepts
which can't be fully described by several words require more
words in order to represent the meaning of concepts. The
fact that the more words should be used to explain concepts
may imply that these concepts require knowledge to exactly
code it. In this study, there were more coding variations in
domains which had more words in a record. That means that
there are more coding variations in domain which required
high knowledge level to code.

To the best of our knowledge, this is the first report on the
relationship between the domain knowledge and semanti-
cally successful coding. However, there are some drawbacks
in this study. There were only 3 participants who coded all
of the clinical data, who may not represent usual coding
process in a hospital setting. However, there are several pre-
vious reports with small number of coders. Chiang et al. [8]
studied reliability of SNOMED coding using two different
terminology browsers. Only three physicians participated in
that study. They concluded that the reliability of SNOMED
coding is imperfect. They stressed that physician training
and browser improvement is required to improve reproduc-
tion of SNOMED coding.

Since we focused on semantic coding ability according
coder’s knowledge, we did not check out the intra-coder
agreements rates. We defined the successful coding as the
chosen SNOMED CT concept could fully explain the local
term semantically. When the other SNOMED CT concept
which could fully cover the meaning of same local term was
chosen, it was also defined successful coding in the case of
intra- and inter-coder. It's known that there was little seman-
tic agreement in the results even between SNOMED coding
experts [4]. Also the aim of our study is not observing the
inter- or intra-coder agreement but showing the relationship
between domain knowledge and coding results.

The physician who generated clinical data may have high
level of knowledge about what they generated. In Korea,
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however, the work of coding standard terminology usually
performed by medical record technicians. Although the
medical record technicians are very skillful coder, high level
coding in hard-to-code domain would be challenge for their
limitation about domain knowledge. When coders know
much more about what they want to code, the coding per-
formance would be increased, and the efficiency of coding
would be more advanced especially in hard-to-code domain.
We concluded that physicians or someone who generate
clinical data should be involved more eagerly in SNOMED
CT coding in implementing SNOMED CT in a hospital.
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