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ABSTRACT

A Knowledge—-based Model for

Efficient Classification of Diseases

The Graduate School of Jeju National University
The Department of Computer Engineering

Mi-Jung Kim

The purpose of this study is to develop and validate the knowledge—
based model for efficient classification of diseases. The disease classification
model, which the KCD-7 code is given according to the detailed level of
name of disease and the disease classification rules, which review the errors
in the code given, were developed with the circulatory diseases having high
morbidity rate. To test the applicability and the validity, the knowledge-based
system was constructed and the model coverage was evaluated.

The results are as follows.

Based on the structural analysis results of the disease classification
knowledge and the disease name, 27 BAVC (Base concept, Attribute, Value
and Code) models, which are the knowledge-based model of this study and
the rule were developed. BAVC model was summarized in 27 basic concepts,
14 attributes, 138 valid attribute values and 186 KCD-7 codes. Meaning was
given to all the terms used by mapping with SNOMED CT code. According
to BAVC model, 290 instances were developed finally.

In the results of constructing the knowledge-based model as a system, the

- viii -



accuracy and consistency of the disease classification code were secured by
inducing the input of the diagnosis according to the suggestion of the
attribute by step for the disease name. The diagnosis in the clinical site used
in the test were covered 88.9% by the knowledge-based model and the whole
coverage could be improved to 1009 in a simply manner that for the rest
11.196 of the diagnosis, the attributes are added to the relevant model in the
independent knowledge management tool of the system. The KCD-7 codes
stored were reviewed by the rules and classified again automatically.

While the existing researches focused mainly to assign the interface
terminology to code of standard terminology or to prevent the omission of
disease classification code, this study has a meaning that it ensures the
consistency and accuracy of the KCD-7 code by the independent knowledge
-based model by suggesting the disease classification model and rule by the
concept of post-coordination and the applicability of the information was

enhanced by allowing the semantic search of attribute unit.

Keyword: Classification of Diseases, Knowledge Model, KCD-7 Coding

rules
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S AAAA Aegt g wjgo] rbsd 5o k. on
Bofol fF 4l Fx fojAl A= UMLS, SNOMED CT 5ol ¢lth v 2
oAM= AREH xEgofAAe $248 QAsta omiofe RFEE
AANAE 7P d o2 Agste] alA AMEstal s WA FdldlA = 98

WA A4zl 98] 2014 AR g8Sle] NV BRT V&
Ay, A, oA 5 st BV ERG A4 L AFU Sl waEt
oJFF o2 KOSTOMe| A= 3},

ERAAGT 54 GGoA AHEEE s TAY Riet e 54 5F
o wel FARS Z7E RS foAAA Y 54 EHo wet wg FES 5
FoA AmE At 9% Ade] Faelr] wiEd A Jhsd ERI=T
g gsiA dew 1 9o i
AR A H T ®Fol wet s wiEtd o2 BRECHI8] 5ok txAQl

54 Aol ICD-10(International Classification of Disease 10® revision),
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2
N
1o,
fd

Ir
op
2
i
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i)

ICPC(International Classification of Primary Care), KCD-7 %] 9t} =l A
T BRA9s 999 Ay 9 AU SAMNEY PALAFE fste] ICD-10<

Faolw Wos KCD-7& AH8slaL Qlrk s Robe] BRAAE iy A
U A5 Bl ofd BAU mAFTFe 2 ARA BH e 94y

st7] flste] AREsE7] wiol a7 8o Al Al (administrative terminology) &t il =
Ela=



el olyd st Hroz HW foAAE 2A3E MIEe] AE
i B g AuH19l.

SNOMED CT¢®} o] Fx3tel &olAlA= oo, &4, vdd dAE %
= MEER 49t dAd e Als #A(taxonomy, is-a), FEAA A

(partonomy, part of), 92l 7 (etiology, caused by), €34 (position, located

< ‘severe chest pain’®] °o|n| & ‘A8 FEolgtal o] ¢ UAF VA= 1
olul = A etA] H3l7] wlEol ‘severe chest pain’e] H & (has_pathology)t %
< (pain)o] 2 WA H- ¢ (has_locations)= & (chest)°]™, &5 % (has-severity)©
Aeh A (severe)ttil o5ty 7AIE sA o] Thsatth QIEF o]~ &l A7
T AR 915 R FAEHY] Wi FEolde dd AdY §5E 54
gt og 7HA] Eol® FAE F Atk FEs Fx SoAAY wEed,
< BErt FFoH, BAFAE FEolete gnA o] Jtestt FE5S
il

Hahe go1% Az golAAs WP

Ak ¢kerd 54 § 5 (acute severe

crushing chest pain)< YA AIAE S5t 4o FA-(acute)} T 25 5
St A E(severe), 89 5AS Adsts ¥ (crushing)ol gt v =

142 o 3ei6l.

ol
1%
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Reference terminology

has_pathology=pain Koy

User-Selection Reference Terminology

has_location=chest
has_severity=severe ir : -h:‘I-a-p-pc-x; -(;(;;I-G-C;t- o -E
v

Interface terminology

ftnatnmennmsnnnnanean Chest Pain

! has_pathology=pain Chest Pain Modifiers T —
H ] ; : 5 :
HEREURN NSRS TR | Acute <« has_time_course=acute E
T e e R

| Satese |"_E has_severity=severe E

| Crushing «—! has_character=crushing E

P T el e e i v s s o

Fig. 4. Two approaches to composing the concept ‘severe chest pain’
(Source: S. Trent Rosenbloom et al,, 2007)

2) SNOMED CT

SNOMED CT+= 95 #ofol QoA AACNA 7b £Z2 ol Hud =z
SoAAR dHA At AAARL 7|EHS 918 Zagh Al o] §of
55 AYer] fste] e H oy, A TAY ZF Ha A5 AEEHE A

SNOMED CT+= 2l 19651 vl=rrg ] s3]ol A welofel A& J etz
ks 7lestry] 8 W W<l SNOP(Systematized Nomenclature of
Pathology)oll A Al ZHE At o5 &oke] BE §olE 7| B4 95 &
3td A SNOMED(systematized nomenclature of medicine)® 23}, 3
=9 ¥+ I &A1 A4l CTV3(Clinical Terms Version3)2}t S5 H A & A
¢} SNOMED CT7F #0t}. 2007l v=, g=r 5 97} =7}7F Bof AR
g &oAAA &AL IHTSDOE A2 A §3ta, SNOMED CTe B+
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o] digh x4 AikES st SNOMED CTe =44 A8 AbgS =
Aekar vk A 2970 debrh 4 Ao ol o JhE gho]d
5 do] ARt e VA FAE 50700l e bl A Edsk Al ALS
L w201

SNOMED CT+ 9|5 &oke] dz4Q 2E=2Ath A dFelA Ae=+=
et Soles Ui Ivtew Asta, #AE Tt Mde A3 v E
olsfd 4 Avk. ZF Zhe] A iES 19719 A9 5o AS(Top level
hierarchy) % 3hutel £3st™, 7id 3b 2
(is—a)¢t B2 7FA £ (attributes) #AE 7FH o =R 7d o Hgg ons 4

g Qe F AAEHAT Fig. 32 SNOMED CT9] A AA wolth21].
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SNOMED CT DESIGN
Concepts ) ( Hierarchies) ( Attributes ) ( Idantiﬁexs) (ﬁestﬂpti{ms) (RElationship9

ya RELATIONSHIPS )

Is a relationships connect
concepts in a hierarchy

SNOMED CT

/" SNOMED CT HIERARCHIES ™\
Concepts are organized into top-level
hierarchies

» s Body structure
s Clinical finding <
-+ Environment or geographical Low granularity

location
Finding by site

~p-o  Event
lz=a
s 3

~++ linkage concept
Musculoskeletal finding

~» e Observable entity

™ Organism

s Pharmaceutical / biologic product

Ly s Physical force I
~* e Physical object

—p o Procedure

o Qualifier value

s Record artifact

& Sjtuation with explicit context
—»# Social context

& Special concept

T* s Specimen

Joint finding

Arthropathy / Isa loint finding

N W

Attribute relationships connect concepts
in different hierarchies

Arthropathy of knee joint

lza
53

& Staging and scales | Assaciated
[ Appendicitis Inflammation
+* Substance \nlcrphulng/
Artheitis of knee 4 ;
\ / v \. /— /

High granularity

Fig. 5. SNOMED CT design (Source: SNOMED CT starter guide, 2016)
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-
Il Each concept has at
I
]

--------- -
One FSN Is marked
y as“Preferred”in |
| each language |

e s \( Descriptions

= £

Fully Specified l1s \‘|
Name (FSN) relationship
e \ ;
Synonym | | SNOMEDCT | ﬂtttflbute-
o 'w \ relationship |

-
[

least one |is a| i
relationship

~

Relationships/ ’,

~
I‘ One Synonym is  + y %
I
' marked as : \,_|_/ \ . e ——
f \
: “preferred” in _: | : Each concept can have |
P s tp e i S pmm——— Lol i I
W _Eicf l_mlg_l"afi _+4 1! There may also be any ‘, :’ h o : rel:;:-'r;:;:zt;ﬁ::!ed
| number of Synopyms | : Each component has : N ey e
\

a unigue identfier

Fig. 6. The SNOMED CT logical model
(Source: SNOMED CT starter guide, 2016)

ry

A e 4ol gt id e uE dFd #AE dHehdit
Mdel AZF #AA A4 #AES yeEldt Fig. 55 A28 I x(diabetes
mellitus type 2)¢F T i(diabetes mellitus)e] #AE HoFth A28 s D
o Ts—a’ #AR A28 T

Al F-9(finding site)+ WEH Algolgts AS & F A #AE= AdE 3¢

AAZ 2 Jdel £l 8052 MEY #AE SR 5 ‘diabetes

kr

£

Lo
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Adel7] wie] ldel BAE Tolw Ak,

Concept 5 3
(srce) )—{ Relationship type )—h(

diabetes mellitus type 2

44054006
Isa
(disorder) (attribute)

diabetes mellitus type 2

44054008

(disorder)

15
A=
gl Ao
Tl o

z=

]
i

Concept
(destination)
f 116680003 N 73211009
diabetes mellitus
(disorder)
™ I 363698007 113331007
5 Finding site structure of endocrine system
(attribute) {body structure)

Fig. 7. Different Types of relationships available within
SNOMED CT (Source: SNOMED CT starter guide, 2016)

42522007 '
abscess of mediastinum

(disorder)

F 3

~

425548001
abscess of heart

(disorder) -

H el

128998007

inflammatory disorder of the structural disorder of heart
\{ardiovascular system (disorder)

ATt Fig. 6 4

o] -
A

128599005

(disorder)

Mds &3l

N

/

lisa| lisal lisa]

|associated morp

%—lnding site:—{

/)’(

44132006
abscess

=

\_Imorphological abnurmali‘ty:l/ﬂ.

hology

80891009
heart structure

(body structure)

S

L 8

Group

Fig. 8 Example of defining relationships
(Source: SNOMED CT starter guide, 2016)
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& MdE w5 & gtk SNOMED CT #3¥& 7=¢ oz nddn 54
Al 2ol dd /des 29T e /i = 801460027 2har 2ha1, e E o
% goE A ARgSt Adow = Hol golxeel| F JHE o] gste] 1
Qrell golg 2pdste] 801460021 FFd Al =2t AHES & Stk FFdAES

FAgtetr] i Hel ZF2 U8 AREske] 801460021 F A Al =l ek Al A
st 1 Ho Yo =

7 o MY Agele Ay ) 2 FEEY BAAS o83 &5 FrdAE
o] 749 ‘80146002| 54 Al <1:260870009]-F-4 =91 1= 258760018+ 1, 42539100 5
AR Et= 86174004153 A A H A9 4 Atk Fig. 72 SNOMED CTe] =

& = 7lEdeE AYd Aotk

ot

The basics of SNOMED CT compositional grammar

+ At its simplest level a single SNOMED CT concept identifier is a valid expression.
o 80146002
+ A concept identifier can optionally be followed by a term associated with that concept
enclosed between two pipe characters
o 80146002 |appendectomy|
+ A concept identifier (with or without a following term) can be followed by a refinement.
The refinement follows a colon
o 80146002 |appendectomy |: <refinement>
+ Arefinement consists of a sequence of one or more attribute-value pairs. Both the

attribute and the value are represented by a concept identifier (with or without a
following term). The attribute is separated from the value by an equals sign

o 80146002 appendectomy | 260870009 | priority | =25876001 | emergency |

+ If there is mare than one attribute-value pair, the pairs are separated by commas

o 80146002 | appendectomy | :260870009 | priority | =25876001 | emergency |,
425391005 |using access device | =86174004 | laparoscope |

+ Curly braces represent grouping of attributes within a refinement, for example to indicate
that the method applies to a specific site
o 80146002 appendectomy | :{ 260686004 | method | =129304002 | excision - action|,
405813007 | procedure site - direct| = 181255000 | entire appendix | }

+ Round brackets represent nesting to allow the value of an attribute to be refined

o 161615003 | history of surgery | :363589002 | associated procedure! =
(80146002 | appendectomy | : 260870009 | priority |=25876001 | emergency)

Fig. 9. The basis of SNOMED CT compositional grammar
(Source: SNOMED CT starter guide, 2016)
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3) UMLS

Egtelstolol A 28l UMLSE 1986W -8 v go)stmai o] ofs) 7
M3 Qs AR Sl AAR /B emRore FANAEL FHete] B
7] 918l ATEAh A Ao FolEo] MR e FoAA WM Mz

e AEE ool Holdt mdem AREHI V] Wl ol gk &l A

N

THot] TLdT MMd R F2 F UMLS a9 WyHo= A7 sg

UMLS+ HEFA] A& 8] 2~ (metathesaurus), 2] 7] W (semantic network), © 3] A=
(specialist lexicon)o]&t= Al 71A] A2l oz FAEH(Table 1).

Table 1. Three knowledge sources of the UMLS

Components Contents Sources

CPT®, LOINC®,
Terms and codes from over
Metathesaurus ICD-10-CM,

100 vocabularies
SNOMED CT®, etc.

Semantic Broad categories and their | 133 semantic types and

network relationships 54 semantic networks

o Many biomedical terms and | English dictionary,
Specialist ) . . L
i English lexicon for natural | Medical dictionary,
lexicon

language processing Medline abstract, etc.

o,

O

HEpA A e T A4 SoAA AN AL §oES Foo], A
o], of3] o] W, Mol & oul= AN gE=EA BVHe Aees Bl E
gk vlE} 8o Ak ol

HERA A 2= 8o (Terms), YAZ=(Atom Unique Identifier: AUI), &=}

3 fde =z %243}

I E=(String Unique Identifier: SUI), ¢]3] Z=(Lexical Unique Identifier: LUI),
R = (Concept Unique Identifier: CUDE FAHTE = 3ite] folx= 4719
FEE ZHA Fth UMLSE oYt 44 & §oj&o] T¢d &oA4

1>
(2

_’Ié_



o]7] uwi-o] MeSH(Medical Subject Headings)®] ‘headache’®} SNOMED<$]
‘headache’7} EF ¥gE o] 9t} wheF 5 U3 ‘headache’dl = 8§02 &7} o}
2 Faacs 2Av Axm =71 thZt) ‘headache’'$t ‘headaches’21 8 o] 3]
Z2A gde] g AedeE dIIss AW RISV thEd,

rr

‘headache’, ‘headaches’, ‘cranial pain’x¥ TS ttEx9 FE9o onZ zl=
RE o5 sd3 MEIZEE ZHA @ tHTable 2). ol #gt AEAE &3}
QA E2E ) oI g ERE ARV Yt uYet 5 SolES AW

ato] Al 5 A

Table 2. Identifiers in the metathesaurus

Concept Terms Strings Atoms
(CUD (LUD (SUD (AUI)
S1459113 A1412439
headaches headaches(BI)
L0018681 A2882187
COu1s6s1 headache S0046854 Headache(SNOMED)
Headache
Headache A0066000
Headache(MeSH)
1.1406212 S1680378 A1641293
cranial pain Cranial Pain Cranial Pain(MeSH)

ouge Ve fFEoly W, §3 1o #AE At UMLSS &7
B2 or 3 (semantic type)@ o7 A (semantic network relationships) =
TEET 9r] FES NdES SA4d wet A3 3 Adejny A 9 &
(disease or syndrome), 973 °FAl(clinical drug) &3 %ol Aol t& /A&
o] &3ak= W2 WFoltt. SNOMED CT7F 19709 A9l Ase=z o
Ui ol UMLSE 133709 on] #Fdo] = s 7idel &ot= ddolut
olty. & Mde A st of e o Fdol xdEH. 9 H
(entity) 9k Abd(event)olet= F8 AlFolA Al &EH shvpe] JHd 2 sk o4
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i

oul fgel P

(associated with)= F&Hth #AE 2 o] {3 7Fe] AA ALY #A
Aot} Fig. 82 UMLSS ne] dF-& BoFErh ASHA = s a'gh
17he] #A 7VsskA R, v AS A= ‘associated with'2h= FH ¢ &

IAE AFoR B4, FaH, ANE, 154, Ad4or pag oAl )

S

1
-

Al

7

&4 BAS 1 skl 9 st FAA] vdd &4 BAE Ued 5

g 9ug BAE AE WAGs a% wAE B
2

Qlek. ole @ Svwre Fz ong S4sy] ds S8 zZzagels ALgH

Fig. 8% UMLS®| o] dF-5 HolE

o]
S
,E.

Laboratory or | | Signor

Anatomical
Structure
Test Result Symptom
Embryonic Anatomical

Structure Abnormality disnypts

§ comm
Congenital Acquired
Abnormality | | Abnormality | .

Fully Formed
fconcepta
.| Body System

Anatomical

Physiologic
Function

I

partof
Molecular Cell or Disease or | | Exzperimental
Function Molecular Syndrome model
Dysfunction of Disease
Genetic Mental or Neoplastic
isa links Function Behavioral Process

‘ »  non-isa relations Dysfunction

3% soltt, webAl e 2ol G WAL, EA, 3

Fig. 10. A Portion of the UMLS semantic network
(Source: UMLS® Reference Manual, 2009)

]_
EAlel BArel AAW, AAW 5 witalel Aol AP Axwlo A4

o wtEolgt AR oJALd I} A oI =FE A T3



AT UMLSE "h$ Jojd §ol8 E@stm 9] wEe] thpd Aol
FYHE GRG0l HFE A LAY, AA TR BAY BRA dEd F

2 oumsd, AFA B £ 5 R gusta Rotel 93 ol

ek Aol A7 =7 = b
4) KOSTOM

Sl dd8ol FFor AU IRz FEeld KOSTOMS Hzlh
AF7E =l BAgEAR w7tRsE vhEsty] fiste] 20040 R mAR

oj#= o Fofell Wik N B we, MiExgFE Fdetal vk KOSTOM=

ol AAA G el UMLS®] Mdm=g vjgste] F44 £z A7 w2
3t Th Fig. 95 KOSTOM<® 9 A EA Hol&d FAHLAE HoFrH 23]
ggaoirol Lo AA AW fol5e Az T dele] Auslel FEuo]

dee 5 g

2

| ve || qzew | [ wsay |[2eeew]| wn || wn || 2e 2e |||[nesae |
[ | H=E '
Heas EEE= Agac i Aeac gojRC
gozs || goms || gojme || MHUZZ || gojac || nuae B29 AMIE
5T L1T LEE] e 3 T 23 go3c
gE gd ] e e B UMLS B2
s T ?:IE UMLS 128 UMLS ggg HE¥3 zgg
azes || u#zzg || szzd || DCIR || az=s UMLS gxac ML
gEICS HIac HEAE E=== || gzae A%
:‘-Fﬂ

Fig. 11. Subset tables and components of the KOSTOM
(Source: http://www .hins.or.kr)
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Agdels EREFasee Rm=E TYECHAL Sl He JE-@

t}. KOSTOM®| 4]+ ‘cerebral infarction—]

et GE-BE o] AL AZ uE

o
>

'3} ‘cerebral infarction—

golz TR, ogd @

rUM £
iy
o
=

—go] 4 F g} gojIEE NPT R AL

=7} ‘H02460066'2] &

Table 3. Term codes and concept codes based on English-Korean pairs in the
KOSTOM

TermID ConceptID English Korean
H00570148 H02460066 Essential Hypertension 2y 1¥¢
H00570456 H02460066 Essential(primary) hypertension LA (YAA) 18t
H02460066 H02460066 Essential(primary) hypertension HeAddeA]) 18t

A

H02460111 H02460111 Unspecified primary hypertension

20143 olgW AlgqrHel o RABXFREI} FrtEFCR TAEAA T o}

2 9 golAAd Mstel At #u, = W@ FAel §] wEel
B oEae Assats Agss Wdel A9 gtk Wzrgse] Fusa 9
oy R @A YR MAEe AA AUE Gl AAZ ALge,

g FEHo gisiw EFE 98 22 KCD-73 ICD-9-CM(International

il
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Classification of Disease 9™ revision Clinical Modification) =% A}&3ta 9l
o dF gigHYdd A= SNOMED CT, UMLS, LOINC, ICNP(International
Classification for Nursing Practice) 52 W< a2 fojAAe 45 njg3}
o] Ab&3kal ATH25]

Fig. 102 2016 A3 R gG R oA s £3 KOSTOM WA 209 ZHl=9
Aol A Hdm AFEH AV gle &l = sty @ H o
E2 ATEY 72 &5 d9EE FEREF FZ=7F iE o ded
9L KCD-7, ¥+ % AX9 #Hd 953 9+= ICD-9-CM, dFAA @92

LOINC, 7t&9d 92 ICNP Z=7) w3 =] gtk

K EW
of

o

r
¢
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2032 | AS3E a9 329 KCD | IcDacM | LOINC EDI cce
HO0010847 |HO2650788 Abscess of fascia, pelvic region and thigh (buttock, femur, pelvis, F= 40| 5% 2t 28 8l g M72.85
HOOO10831 |HO2650427 Abscess of fascia, shoulder region (clavicle, scapula, acromioclavicu 22| 5%, o7 £2 M72.81
HOOO10866 |HOCO10866  Abscess of fascia, site unspecified oo 5 4428 BE M72.89
HO0010871 |HOD2650512 | Abscess of fascia, upper arm (humerus, elbow joints) o9 5% HE M72.82
HO0010885 |HO0O10885 | Abscess of finger =71 A8H
HOOO10820 |HODO10830  Abscess of foot, excapt toes E72E Hoft L 1EE
HD0O10905 [HOCO10905 | Abscess of forearm o 18T
HDCO10910 [HO0O10310 | Abscess of gallbladder without calculus E40] fi= B =% K310
HO0010924 |HO0010924 |Abscess of hand + 12
HDOO10939 [HO0010938 | Abscess of hip ZEo| 1EH
HD0O10943 |HO0D10943 | Abscess of intestine 8o 59 K630
HDOO10958 [HO0D1D358 | Abscess of ischiorectal fossa HEHEL =Y K613
HO0010962 |HO0010981  Abscess of larynx EeR=gn = 1387
HOO010977 |HO0010981 | Abscess of larynx L0 ARG 1387
HO0010981 |HOCO10987  Abscess of larynx 2E 5% 1387
HO0010996 |HD0D10996 | Abscess of leg, except foot EE MY o2 1Y
HO0O11007 (HO0011011 | Abscess of liver o S EED K75.0
HOOO11011 |HOGO11011 | Abscess of liver 7o 5% K75.0
HDOO11026 [HOGD11011 | Abscess of liver NOS Hs%NOS K75.0
HE0071031 |HODD11050 | Abscess of lung b =l &= 23} 1852
HO0011045 [HO0011050 |Abscess of lung NOS o 18% 185.2
HOO011050 [HO0011050 |Abscess of lung NOS ol 5% nNos 185.2
HOO011064 [HO0011050 |Abscess of lung NOS Ho| 2E2F (s NOS 185.2
HDOO11079 [HO0O11079 | Abscess of lung and mediastinum o X EEY =Y 185
HO0O11083 |HO0011083 | Abscess of lung with pneumonia HEHS SUE He 5% 1851
HDOO11098 [HO0011098 | Abscess of lung without prieumonia HES SUEE 22 HY =9 1852
HOO011103 |HO0011103 | Abscess of mastoid 759 5% H70.0
HO0011118 |HOO011118 | Abscess of mediastinum 38 =% 1853
HO0011122 |HO0011122 | Abscess of oesophagus AZo &Y K20
HDOO11137 [H02445245 | Abscess of orbit oot 5% HO5.0
HOO011141 |HOCO11141  Abscess of pancreas HzY s Kas
HO0011156 |HODO11156 | Abscess of parametrium specified as acute =902t YA NSFAZHY 5Y N73.0
HOOO11167 [HOOD11161 | Abscess of parametrium specified as chronic Trdolzin BAE HEFHEH Y
HDOOT1175 [HO0D11175 | Abscess of paramatrium unspecified whether acute or chronic |24 2% Tt X HHEH2 RFTYZTO| =Y

3T | AABY | Kep7 HAEY |

® K|

Fig. 12. Part of the contents of the KOSTOM (Source: Social security information service)
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5) ICD-10%} KCD-7

AARAZ]F(WHO) = A 2, ol tiste] =A1A o= v 7}s g
AYFAZ AEs7] A& FAZHEFAALL ICD-102] AH4S Axnsta
ICDE 19009 = AlSASs] o] FAARIEFE AlZom wsle] 19485 H
WHOCI A MAFF-E o3 wrel ofe] W /A4S AX @Al 19906l 2
ICDS] 104} /W3S B o= AREstal QlrH26].

ol

/g—

;5

ICD-109] Fx& U¥F, 287, L8R, A%F, A4 Ty wE
SEE A A G sy Bolm 1 Rl AR £ % A, &5,
a5 olste f7b Bt a5 oA A AuE 2BFHL ] &%
A olstel St el Wk AER, AMER S AMAZRAX Tl s
Stk ICD-10€ WEA RFAAZA 45 webhe ASTEE A0, f4)
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Table 4. Chapters of ICD-10

Chapters

Code categories

I Certain infectious and parasitic diseases

=

Neoplasms

=

Diseases of the blood and blood-forming organs and
certain disorders involving the immune mechanism

Endocrine, nutritional and metabolic diseases
Mental and behavioural disorders

Diseases of the nervous system

Diseases of the eye and adnexa

Diseases of the ear and mastoid process
Diseases of the circulatory system

Diseases of the respiratory system

Nox R 5 8 35 < =

Diseases of the digestive system

XI Diseases of the skin and subcutaneous tissue

NI Diseases of the musculoskeletal system and connective
tissue

XV Diseases of the genitourinary system
XV Pregnancy, childbirth and the puerperium

XVI Certain conditions originating in the perinatal period

NI Congenital malformations, deformations and
chromosomal abnormalities

NI Symptoms, signs and abnormal clinical and laboratory
findings, not elsewhere classified

XX Injury, poisoning and certain other consequences of
external causes

XX External causes of morbidity and mortality

XXI Factors influencing health status and contact with
health services

XX Codes for special purposes

A00-B99

C00-D48
D50-D&9

E00-E90
FO0-F99
G00-G99
HO0-H59
H60-H95
100-199
JOO-J99
KO00-K93
LO0-1L99
MO00-M99
NOO-N99
000-099
P00-P96

Q00-Q99
R0O0-R99
S00-T98
V01-Y98
Z00-799

U00-U99
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Fig. 14. EMR screen constructed with archetypes

(Source: Ocean Informatics, 2012)
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(Source: J.F. Coyle, 2013)
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(a) Systolic blood pressure measurement model
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(b) Blood pressure measurement model
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/

Fig. 16. The CEM instance representing a blood pressure

panel measured in sitting position (Source: J.F. Coyle, 2013)
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Table 6. Error types of classification of diseases

Type Description

- Giving comprehensive code instead of

Subdivision error
concrete one

- Complications being selected as principle
Principle diagnosis diagnosis
selection error - Purpose of hospitalizations being selected as

main diagnosis

- Missing codes of chronic disease, sequelae,

Code missing . .. .
past history, injury and external accident

- Missing an odd code of a pair in the process

Paring code missing .
of two-way classification
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Table 7. Process of generating classification rules

KCD-7 Guide Expert Knowledge

Generated Rules
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Table 8. Classification rules for disease of circulatory diseases

T T3] AE AW Z=EERF
Kl ¥-&9e] =, Afd66., 1669 44163 0] 3 & B-ele =744
] g Al FEI63)F sk
= A K2 w9 ALY Ry AR )0l W e AS st
o 3 AR} s =302 wReh
o Rule 1.1. IF List CONTAINS 1650 AND 163+« THEN MERGE INTO 163.20
_ Rule 1.2. TF List CONTAINS 1652 AND 163« THEN MERGE INTO 163.22
N Tj Rule 1.3. TF List CONTAINS 1651 AND I63* THEN MERGE INTO 16321
) Rule 2.1 IF List CONTAINS I11.9 AND 1129 THEN MERGE INTO I13.9
Rule 22 IF List CONTAINS I11.0 AND 1120 THEN MERGE INTO I13.2
Kl 139Hd ASHI0_)-2o] Jal, &b 2 k7)o e 2kts=(010.)=
2 ek
& A K2 A E20] Aol SEE 00038 BRE
9 K3, A2 3142, )0] 9471 FEW 09948 /e
Rule 1. IF List CONTAINS 110+ AND Dept = OB THEN CHANGE 0109
- Rule 2. IF List CONTAINS 142% AND OB Type = puerperium
Sl AND List NOT CONTAINS 090.3 THEN ADD 090.3
) Rule 3. IF List CONTAINS 142+ AND OB Type = before delivery
AND List NOT CONTAINS 099.4 THEN ADD 0994

AEFO ARshsh skl AYHL FARE Folsh £4L sota)
A5 =87 AT A¥Pe F2E BANGG AEFE AW AL 71
473, ABE B Fol wgslolok Fu

Sl A E-EhA Rl Al B9l 4
FrF A7l 7heslth 4 AaE FAAY S o)A (http://kssc.kostat.go.kr:8443)
AlA A AR AFshs KCD-7 w2y s g2E 3 & ef7] AF
o] AWz o] Gt 110-192 =5 FE38k U} Fig. 16& SAH oA &3}

KCD-7 14 59| adyolh.

rr

_39_



2g imuse I R e =

xHo 5T EEEF an CEEE wg T kg  J4ED 0 8o +u

v ix —xE [ - - v T BE |« BHel Py Z2 - -
1i4 100 ic_fever without mention of heart involyem 1 1] a 1] ]
| e 101 R c fever with heart involvement 1] a 1] a a
1i4] 101.0 Acute rheumatic pericarditis 1 ] a 1] a
154 101.1 acute rheumatic endaocarditis 1 ] a ] 1]
1:4 01,2 Acute rheumatic myocarditis 1 a a a 1]
134 01,8 Other acute rheumatic heart disease 1 1] a 1] 1]
14 101.9 Acute rheumatic heart disease, unspecified 1 1] a 1] a
14 102 g tic chorea a a a a a
1iH| 1020 AE 20| 9= BOIE|A2EH Rheumatic charea with heart invalvement 1 0 0 0 0
134 102.9 HEF =N P = SOfE[~FEH Rheumnatic chorea without heart involvement 1 0 i 0 i
14 105 Mo Rheumatic_mitral valve diseases a ] a ] ]
1:4 105.0 Mitral stenosis | ] a ] ]
134 105, 1 Rheumatic ciency 1 a a a a
1i4 1052 tditral steno ufficiency 1 1] a 1] 0
14 105.8 Other mitral valve diseases 1 1] 1] 1] a
1:4 105,39 tditral valve disease, unspecified 1 1] a 1] 1]
14 106 Rheumatic aorlic valve diseases a a 1] a a
1:4 106,10 Rheumatic aortic stenosis 1 1] a 1] ]
1iH 10E. 1 Rheumatic aortic insufficiency 1 ] a ] 0
1:4 106, 2 Rheumatic aoric stenosis with insufficiency 1 a 1] a 1]
1:4] 106, 8 Other rheumatic aortic yalve diseases 1 1] a 1] ]
1:4 10E.9 Rheumatic aoic valve disease, unspecified 1 a 1] a a
| B 107 0 Rheumatic tricuspid valye diseases a 1] a 1] a
1i4 107.0 =8 Tricuspid stenosis 1 0 0 0 0
1:4 107.1 ke Tricuspid insufficiency 1 i a i a
134 1oy, 2 | 4 Tricuspid stenosis with insufficiency 1 1] a 1] 0
14 107.8 |EF ; Other tricuspid valve diseases ! 1] 1] 1] a
14 07,9 aHE3 Tricuspid valve disease, unspecified 1 i i i i
14 108 CHEmer a2 Multiple valve diseases i 0 0 0 0
1:4 108.0 e g el =l ] | Disorders of both mitral and aortic valves 1 a a a 1]
1M 108.1 a2 atol Zof Disorders of both mitral and tricuspid valves 1 i 0 0 i
134 10,2 Chizauk O aksjuarof Shf Disorders of both aoric and tricuspid valves 1 0 0 0 i
114 1023 v, OjsMHar U afsjuts] Sgfaiy Combined disorders of mitral, aortic and tricuspid valves 1 0 i i i
1:4 108.8 b Other multiple valve diseas 1 1] a 1] ]
1:4 108,39 Multiple valve disease, unspecified 1 1] 1] 1] a
14 109 Other rheumatic_heart diseases a 1] a 1] 1]
1:4 109.0 Rheumatic myocarditis 1 a 1] a a
1M 109, 1 oM & LH Rheumatic diseases of endocardium, valve unspecified 1 1] a a 1]
114 109.2 Hrd SOLE|Apd 2Mared Chronic rheumatic pericarditis 1 i 0 0 i
1:4 109,48 BB AR FOME|AS AEE Other specified rheumatic heart diseases 1 ] a ] ]
114 103.9 o =8| FOE|[ Ao s Rheumatic heart disease, unspecified 1 0 i i i
1.4 110 =) JEHPE Essential(primary) hypertension i 0 0 0 0
204 10,1 el talignant hypertension 1 1 0 i i
2.4 110.9 aHE32 # Unspecified primary hypertension SUME=E ] 1 i i i

Fig. 18. Part of KCD-7 data in Excel format provided by Statistics Korea (Source: Statistics Korea, 2016)
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Table 9. Blocks of categories of disease of circulatory system in KCD-7

Blocks

] Korean English
categories
100-102 =S4 Frlgx=¢g Acute rheumatic fever
105-109 WA Fvulels 343 Chronic rheumatic heart diseases
[10-115 g ¢A A3k Hypertensive diseases
120-125 Y A A 3t Ischemic heart diseases
126-128 4 AW 9 sleme) ga  Lumonary heart disease and
diseases of pulmonary circulation
130-152  71E} e AAH Other forms of heart disease
160-169 >3 &2 3} Cerebrovascular diseases

_ . Diseases of arteries, arterioles and
I70-179 &9 As™ 2 Aol A ’

capillaries
130189 =g v‘fjerﬂ A %L_% Am FZ} Diseases of veins, lymphatic
4 Hxde AF vessels and lymph nodes, NEC
195-199 c@AFe e 2 AAET Other. and unspecified disorders of
7 o] the circulatory system
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Table 10. Final code of ‘dissection of abdominal aorta with gangrene’

Category Code Description
Chapter 100-199 Cerebrovascular diseases
Blocks category 170-179 Ij;;?lallzzesof arteries, arterioles and
Three—character category I71 Aortic aneurysm and dissection
Four—-character subcategory 171.0 Dissection of aorta
Five-character subcategory I71.01 @ Dissection of abdominal aorta
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Endocarditis Categorizing

101.1 Acute rheumatic endocarditis [ Clinical course H acute ]

Endocarditis in KCD-7
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Fig. 21. Categorization of BAV models by basic concept
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Table 12. Inpatient top diagnosis of the circulatory system in Korea (Source:

National health insurance service, 2014)

Ranking Code Diagnosis I}Eggggﬂg
1 163 Cerebral infarction 93,838
2 120 Angina pectoris 84,805
3 183 Varicose veins of lower extremities 43,927
4 110 Essential(primary) hypertension 43,387
5 169 Sequelae of cerebrovascular disease 29,805
6 167 Other cerebrovascular diseases 27,215
7 125 Chronic ischemic heart disease 24917
8 121 Acute myocardial infarction 24,635
9 150 Heart failure 20,288
10 161 Intracerebral hemorrhage 20,084
11 148 Atrial fibrillation and flutter 15,834
12 160 Subarachnoid hemorrhage 9,560
13 1477 Paroxysmal tachycardia 6,176
14 142 Cardiomyopathy 5,846
15 111 Hypertensive heart disease 5,780
s Qo and stenosis of preceroral atris 576
17 149 Other cardiac arrhythmias 5,597
18 170 Atherosclerosis 5573
19 162 Other nontraumatic intracranial hemorrhage 4,368
20 171 Aortic aneurysm and dissection 4,316
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Baseconcept A1 VI A2 V2 _ AR 3 G
| 744K 2ol HEES =l HH s P HE O 163.00
|| 74 A Ha = L-il= Lot AHMEe 7|IHSH 163.01
| A4 Ha El Bz HEHEw HHES HA5Y 163.02
| i 7 = ERaS E2 HEEw 2HER Z|EF LM 163.08
| A Ak =el = E2 HEES HHER SHEZBS HEHSY 16309
|| 74 A Ha = L-il= Cf | 5 2| ‘=14 Elid = 163.30
| Al el El B | = AME HOf | =T 163.21
|| 7 A a2 ERal E2 i S 2HER SiisEM 163.32
| A Ak =el RS E2 T =9 HHESR A5 163.33
| | 7 o el HEF B2 O & M 7|EF Ch 59 163.38
|4 el HEES B | = HME HHE8o O i163.30
| | 4 AN 2o MES =l HEE M e EHE=O 163.10
| A Ak =el HEF E2 HEES HHESR 7IHE 163,11
| -H A4 22 HMEF E2 | FHE wHER HEW 163.12
| A Ha MBS E2 HHE M 7|Eb L5 163.18
|| 74 A 2o MES L= Capab=l M e HH=8e HH =Y 163.19
| 4 AR 2ol MEE =l O | =94 HMES ElL =M 163.40
| 22 HES E2 T =9 HHES ralE LOE 163.41
| f 2 HMEF £z T =2 HHES SN 163.42
|| 74 A 2o MES =l o o M e Akl 163.43
| 4 AR 2ol MES =] O | =2 HMEe 7|Ef T 5T 163.48
|| 74 o 2 HET B2 Ch o & HHES HHE2%o -5 15349
| 2a iz e | £z FE aHES HEE0 163.20
| 7 = iz B | E2 HEEw 2HES M= 163.21
| AR 2ol iz | =] HEH s HuEe b 163.22
|| 74 A Ha o f L-il= Lot AHMEe ZIEt LB S 183.28
|- f 2 iz e | £z HEE HHES HHE2S LHEY 6329
| i 7 = iz B | E2 i EEo 2HER SN 163.50
| A #H2l i £ 2 i &9 HHES FCf | = 163.51
|| 74 A Ha o f L-il= CH | 5 M e =a8 Lo 163.52
| Al el I B | = HME Enela st 163.53
| i = iz B | E2 i =9 2HES 7|Et | 5 163.58
|=ZH =el iz | E2 T =9 HHESR ZHE29 =% 16358
| A A Hal HE LR LIEok e Mg EHEEW 163.20
| AN el HE B Lapaf el HME I HEs i63.21
| | 74 A 2o HE =l CapaRl M HEH 183.22
| A Ak =el Al E2 HEES HHESR 7|Ef L HEY 163.28
| 22 HE Ea | FHE wHER HHE%0 HHEY 153.29
| A el HE =4l | = HME Sl = 163.50

Fig. 22. Part of BAVC model instances

_5‘|_



2007)] AzEe F WA @ Axdas) AT A B 1 oS
o WEgo] 397], MEY A4 L @Ho] 307, FUANFH F2AHZFo]
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Table 13. 290 Instances created by BAVC model

Model Number of Model Number of
mstances mstances
Cerebral infarction 47 | Heart disease 6
Cerebral hemorrhage 39 | Varicose veins 4
Cerebral arterial occlusion 30 | Atrial fibrillation 4
Cerebral arterial stenosis 30 | Tachycardia 4
Arteriosclerosis 23 | Arrhythmia 4
Atherosclerosis 23 | Renal disease 2
Myocardial infarction 11 | Atrial flutter 2
Hypertension 9 | Cerebral aneurysm 2
Cardiomyopathy 9 | Cerebral artery dissection 2
Heart failure 8 | Moyamoya disease 1
Pericarditis g | Cerebrovascular 1
accident
Angina pectoris 7 | Valvulitis 1
szquelae of cerebrovascular 6 | Myocarditis 1
disease
Endocarditis 6
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Table 14. Attributes drawn through the structural analysis of disease name
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Base Concept

(SNOMED Concept Itn Attribute ValueSet Valueltems
atherosclerosis Finding Site =mHs 2o — UYHE® subset(SHHEE], 5% SHHEE)
SLd=s 363698007 HEstEW subset(SEHHEE, 55 SEHHEY
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Fig. 23. Value sets and subsets of atherosclerosis
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Table 15. Part of attributes and values by basic concept

Base concept

Attribute

Value set

Value items

Cerebral infarction

Due to

CauseofCI

Embolism
Thrombosis
Occlusion
Stenosis

Finding Site

SiteofCI

Precerebral artery

- Vertebral artery
- Basilar artery

- Carotid artery

- Other artery

- unspecified artery

Cerebral artery

- Middle Cerebral artery
- Anterior Cerebral artery
- Posterior Cerebral artery
- Cerebellar artery

- Other artery

- Unspecified artery

Angina pectoris

Characterizes

Featureof
-Angina

Unstable
Spasm-induced
Stable

Effort

Atypical

Other forms

Varicose vein of
lower extremities

Associated
with

Conditionwith
Varicose

Ulcer
Inflammation
Ulcer and inflammation

Endocarditis

Clinical
course

Courseof
-Endocarditis

Acute
Subacute
Chronic

Characterizes

FeatureofEndo
—carditis

Rheumatic
Bacterial
Gonococcal
Typhoid
Infective

Finding Site

SiteofHeart
-Valve

Tricuspid valve
Mitral valve
Aortic valve
Pulmonary valve
Multiple valve
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(a) Cerebral infarction model: overlapped condition form

infarction i 630 |
A-V ? c
Due to vertebral artery stenosis 163.20
Basilar artery stenosis 163.21 ]
I
______ . .

A-V

o

1
1
(oo i ] |
stenosis A-V :
1
1
# [ Finding Site H vertebral artery H{ 163.20 ]
1

o

Fig. 28. Process to correct the model overlapped condition form in

other model
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Table 16. BAVC models by model type

Type Model Nl;rrlrcl)z:SOf
]fso?frllc concept Moyamoya disease, Cerebrovascular accident 2
Angina pectoris, Varicose veins, Pericarditis,
Sequelae of cerebrovascular disease,
Single modifier Cerebral aneurysm, Myocarditis "
form Cerebral artery dissection, Valvulitis
Atrial flutter, Atrial fibrillation, Tachycardia,
Arrhythmia, Cardiomyopathy, Endocarditis,
Multiple modifier | Cerebral arterial occlusion, Cerebral arterial 3
form stenosis, Myocardial infarction
Heart failure, Cerebral hemorrhage, Cerebral
rSntsgif?ei ?(t)ifn infarction, Heart disease, Renal disease, 8
Arteriosclerosis, Atherosclerosis, Hypertension
Total 27
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Fig. 29. Results of searching ‘acute’ in KOSTOM
(Source: https://www .hins.or.kr)
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A

W AAE gt & g Aet 3=E Fol w9t SNOMED CT
= 201693 69 =AF ¥ H(international edition, July, 2016 version)2 AF-&3}1
om g3 FEHMS AdstA &7] witol] KCD-70o1A4 AAlg dEds A
43ttt Fig. 282 SNOME CT 23l Het9-Ae] %7] ghwo|t),

= -

B SNOMED CT - Clinical ¢ %
& C {} | ® browserihtsdotools.org/Tperspectiv
e B Google ¥ [ 4o XE Q@ EAEREE

editionBirelease=v201607318se B]ﬁ O @ Fﬂl
200017 [ SHOE 4\ MATLAB 30 RE ° » 718 5013

IHTSDO SNOMED CT Browser =-
© IHTSDO 201641.33.2
Taxonomy Search Favorites Refset Concept Details
Taxonomy (oM e Concept Details (o8-
inferred view Summary Détails Diagram Exprassion Refsets Members Referancas

g SNOMED CT Concept Stated

Parents

Body structure {body structure)

Clinical finding (Anding) - SNOMED CT Concept (SNOMED RT+CTV3)
Environment or geographical location (environment / location)

Event (event) @ Ciinical finding H2
Observable entity (observahle enfity) (fincing)

Organism (organism} SCTID: 404684003

Pharmaceutical / biologic product (product} 404684003 | Clinical Tinding (findina) |

Physical force (physical force) Ciinical finding (finding)
Physical object (physical object) Clinical finding
Procedure (procedurs)

Qualifier value (qualifier value) Children (31)

Record arfifact (record arfifact)
31 Children

Situation with explicit context (situation)
SNOMED CT Model Component imetadata)
Social contaxt (social concept)

Special concept (special concept)
Specimen (specimen)
Staging and scales (staging scale)

VY Y VY YYYYYYYYYYY YWYy

Substance (substance}

Fig. 30. The main screen of SNOMED CT online browser
(Source: http://browser.ihtsdotools.org)
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< c 0O 1@ browser.ihtsdotocls.org/? perspective =full: 201607315 @ B ¥r | © @ % 5 |
% By Google 8% [l U0 NE Q) SAEFEE | 4¥E G coogle o Bookmorks G E20001E ] STHE 4 MATLAB 302 1‘:"3 » B0 =2

32380048&edition=en-editiondire

conceptid]

| Aboul » [ -

@ IHTSDO 2016 w1332

Taxonomy, Search Favorites Refsat Concept Details
Search e) Concept Details 0o
Options Type at least 3 characters « Cxample: shou fra Summary Details Diagram Expression Refsets Members
pericarditis Referances
46 matches found in 0. 427 5 Stated Inferred
= Pericarditis ericarditis {disorder)
Parents
Pericarditis sicca & eca » = Disorder of pericardium (disorder)
. il o ¥ = Inflammatory disorder of the cardiovascular system (disorder)
[ 'Group by concept = Acute pericarditis ute pericarditis % = Mediastinitis (disorder)
Filter results by
Language = Viral pericarditis - 8 R ———
e Pericarditis * 2 Associated morphology —
english @ (disorder) Inflammation
= Fungal pericarditis SCTID: Finding site — Pericardial
3238004 structure
Filter results by 5 3238004 | Pericarditis (disorder)
Semantic Tag = Uremic |
) pericarditis Pericarditis
disorder [ 239 ] Pericarditis (disorder)

= Chronic hronic pericarditis

Fig. 31. Concept details of ‘pericarditis’ in search result

(Source: http://browser.ihtsdotools.org)

BAVC Rdle] Abge A5 &ojo disixs te waos mgsidn. A&
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A og APgAES 27] oYk SNOMED CT Hk$-Aol A ‘acute’

ﬁ
S BUW BALe AMEA @n, PR A2 348 §ojEo ydan

]
\] )
z e

N

(Fig. 30). o191 A5-ol= 7+ &0l g AFAES gojrole & ==
M et=ElA o= Zpolek ol A ARRSHA e AL ISR A8 i

=5 At 7E of gk oy g A f-elE ‘acute’o] AHEE WA &0 ‘acute
pericarditis’& A& F AA] &ol& 7l=sty] AT volojadS Eaf Y &
d& stk ‘acute pericarditis’®] 9 7 #7F ‘Sudden onset AND/OR short
duration'd S <13k & FA(acute) e MNPAA=E 424124002 HF AA3FATt
(Fig. 31).
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Search
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Siatus: Acive
components only ~

|| Group by concept

Filter results by
Language

enalish

Filter results by
Semantic Tag

[ 3558 )
[ 421 ]
morphalogic €59

ahnarmalite

disorder

arganism

Concept Details

Concept Details

Search

Favorites

Refset

acute

©

Type at least 3 characters « Example: shou fra

4620 matches found in 0.708 seconds

Acutens Acupunciure-like
franscutaneous
elecirical nerve
stimulation
(regimeftherapy

Acuteness Acufeness (gualifier
valug

Acute URI Acute upper
respiratory infechion
(disarder)

Acute pain Acute pain (finding

Acute phase

Acute phase {guallfier

valua)

Acute onset

Acute edema A

valug)

Acute onset (qualifier

cute edema

Cancept Details

Concepl Details

Summary Detalls

Diagram

Expression

Refsets Members

St

Parents

» Durations (gualifier value}

Aculeness
(qualifier value)

SCTID: 272118002

N2

272118002 | Aculeness (qualifier

value} |

Aculeness

Acuteness (qualifier value)

IHU altributes

Children (0}
Nochildren

Fig. 32. Concept details of ‘acute’ in search result

(Source: http://browser.ihtsdotools.org)

Summary Details Diagram Expression Refsels
16555002
Acute pericarditis (disorder)
L S
Pericarditis (disorder)

Members

References

263502005
Clinical course

(attribute) )) s de

O_' ( 116676008

363698007
Finding site (attribute)

Associated morphology (attribute)

Fig. 33. Diagram stating the meaning of ‘acute pericarditis’

(Source: http://browser.ihtsdotools.org)
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(3) SNOMED CT w3 Az}

BAVC ¢lz®lx mdo] Alg¥ &0l T85S A9sta F 179700tk 21 F
27 718392 SNOMED CT /MdzZ=9k 100% <+ wig = At o2
SNOMED CT® #H <9 (disorder)e] Z=9} wig = AA7 FA7 3453} o

Aat=e desrs o)A o 9 (morphologic abnormality)e] ZE==2 w3 = ]}
Tl SAAAs TS AW P AEEH = NERZETE YRAARE 2 o A=
WY gie e EFE xSs Rdoly] wiie] FESHE o] (morphologic

abnormality)®] /NEa=5 FE&aAth QWY A= FAo7F glow S
ow FEH7] "ol wEvHAR #E J(finding)e] z=sk il
(Table 17). SNOMED CTell = stute] /s Fddete vdd &olso] =438}
7] W Sd Mg WEehA AW WAool st dnkA e
of tigh dxgol7t MdS WA ddetes WAl Hed

Y
Aol L o 15 okl mAstel £& T wWake

12
o
il

Table 179] SNOMED CT 7del 24" &2 Mdz=e Mds HEsA
A= WAl FSNolth 24709 71 70138 25 ‘disorder’ s 9ol & 3% A vt

A At AAH A5 47435 ‘Arteriosclerosis  (morphologic

HS

abnormality)’ ¢} ‘Atherosclerosis (morphologic abnormality)’ ¢} vjg gl o, R
£ ‘“Tachycardia (finding)' ¢} w3 & At}
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Table 17. Mapping base concepts onto SNOMED CT concepts

No Base concept SNOMED CT concept
1 238 38341003 |Hypertensive disorder, systemic arterial (disorder)]
2 ¥ 7 A 432504007 |Cerebral infarction (disorder)|
3HsH NS 75543006 |Cerebral embolism (disorder)
4 ¥z A 20059004 |Cerebral artery occlusion (disorder)l
5 W #3 71444005 |Cerebral arterial thrombosis (disorder)|
6 =4 230690007 |Cerebrovascular accident (disorder)|
7 ¥EH ALL 230690007 |Cerebrovascular accident (disorder)
8 HAASe] S 195239002 [Late effects of cerebrovascular disease (disorder)|
9 t¥-sWF 128608001 |Cerebral arterial aneurysm (disorder)|
10 dix &= =g 713081000 |Dissection of cerebral artery (disorder)]
11 59 43= 28960008 |Arteriosclerosis (morphologic abnormality)|
12 Tolro}y 69116000 |Moyamoya disease (disorder)|
13 Wi 3424008 |Tachycardia (finding)l
14 A A3 A5 22298006 |Myocardial infarction (disorder)
15 AaHE 85898001 |Cardiomyopathy (disorder)
16 A4 50920009 |Myocarditis (disorder)|
17 A4 56819008 |Endocarditis (disorder)|
18 A otdd 3238004 |Pericarditis (disorder)|
19 2 AlE 49436004 |Atrial fibrillation (disorder)|
20 A xE 5370000 |Atrial flutter (disorder)|
21 AF-A 22298006 |Myocardial infarction (disorder)
22 A 56265001 |[Heart disease (disorder)|
23 AEA 698247007 |Cardiac arrhythmia (disorder)|
24 =373 38716007 |Atherosclerosis (morphologic abnormality)|
25 A 5+ 72866009 |Varicose veins of lower extremity (disorder)|
26 A= 194828000 |Angina (disorder)|
27 24 58718002 |Rheumatic fever (disorder)|
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T3] AlEY AW FREAA T 14709 S0 =EHAAR, HAA B
dof AlgE SAL W HE(Finding site), 94 43 (Clinical course), 92l
(Due to), &4WHY el (Associated with), 57 (Characterizes), =4 (Order)= % 671
Aok AAR O ASHA EE 5 de SAANE Bdo] BRsx = A
7] 9l SAelgts HFY £4o® FESAT Table 182 BAVC EHd
AHE7bs e WA £4& SNOMED CT #x=¢} wjg g Azfolrt,

tlo

Table 18. Mapping attributes onto SNOMED CT concepts

No Attribute SNOMED CT concept
Finding site 363693007 | Finding site (attribute)l
Episodicity 246456000 | Episodicity (attribute)l
Clinical course 263502005 | Clinical course (attribute)l
Severity 246112005 | Severity (attribute)|

1
2
3
4
5 Associated morphology 116676008 | Associated morphology (attribute)l
6
7
3
9

Causative agent 246075003 | Causative agent (attribute)|
Pathological process 370135005 | Pathological process (attribute)l
Occurrence 246454002 | Occurrence (attribute)|
After 255234002 | After (attribute)l

10 Due to 42752001 | Due to (attribute)|

11 Associated with 47429007 | Associated with (attribute)l

12 Finding method 418775008 | Finding method (attribute)l

13 Characterizes 704321009 | Characterizes (attribute)l

14 Order 272126005 | Order values (qualifier value)]

o ;s P H o, F& 0B, by ¥
B oA oA A%

SNOMED CT¢] *x3 & met /idz=s FoAssith & 5o 718 o
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Baseconceg v | IXRd vioov A2 [~ ke A~ V3 - e :L-_
432504007 | 42752001 | 10003008 @ 363693007 = 10003008 | 363698007 10003008 163.9
432504007 @ 42752001 | 74964007 363698007 10003008 | 363898007 10003008 183.8
432504007 = 42752001 | 439127006 363698007 244392000 | 363898007 10003008 163.6
432504007 | 42752001 | 439127006 363698007 | 11281008 | 363698007 85234005 163.00
432504007 | 42752001 | 439127006 363698007 | 11281008 | 353598007 59011009 163.01
432504007 | 42752001 | 439127006 363693007 11281008 | 363698007 69105007 163.02
432504007 = 42752001 439127006 363693007 11281008 @ 363698007 74964007+11281008 163.08
432504007 | 42752001 | 439127006 363698007 | 11281008 | 363698007 10003008+11281008 163.09
432504007 | 42752001 | 439127006 363693007 | 88556005 | 363698007 17232002 163.30
432504007 = 42752001 | 439127006 363698007 88356005 | 363698007 60176003 163.31
432504007 | 42752001 | 439127006 363698007 88556005 | 363698007 181313007 163.32
432504007 | 42752001 | 439127006 363698007 @ 88556005 | 383698007 38808005 183.33
432504007 42752001 439127006 363693007 88556005 363698007 74964007+88556005 163.38
432504007 = 42752001 439127006 363698007 88556005 @ 363698007 10003008+88556005 16339
432504007 | 42752001 | 414086009 363698007 11281008 | 363692007 85234005 163.10
432504007 | 42752001 | 414086009 363698007 | 11281008 | 363698007 59011009 16311
432504007 | 42752001 | 414086009 363698007 = 11281008 | 363698007 69105007 163.12
432504007 | 42752001 | 414086000 363693007 = 11281008 | 363698007 74964007+11281008 16318
432504007 | 42752001 | 414086009 363698007 11281008 | 363698007 10003008+11281008 163.19
432504007 | 42752001 | 414026009 363698007 @ 89556005 | 363698007 17232002 163.40
432504007 = 42752001 @ 414026000 363698007 28556005 | 363698007 60176003 163.41
432504007 = 42752001 | 47140860090 363693007 88556005 | 363698007 181313007 163.42
432504007 | 42752001 | 414086009 363698007 88556005 | 363698007 38608005 163.43
432504007 | 42752001 | 474086009 363698007 = 88556005 | 363698007 74964007+88556005 16348
432504007 | 42752001 | 414086000 363693007 = 83556005 | 363698007 10003008+88556005 16349
432504007 | 42752001 | 26036001 363698007 11281008 | 353898007 85234005 163.20
432504007 | 42752001 | 26036001 @ 363698007 11281008 | 363698007 59011009 163.21
432504007 = 42752001 26036001 363698007 11281008 | 363698007 £9105007 163.22
432504007 42752001 26036001 363693007 11281008 363698007 74964007+11281008 163.28
432504007 | 42752001 | 26036001 363693007 = 11281008 | 363608007 10003008+11281008 16329
432504007 = 42752001 | 26036001 363698007 88556005 | 363698007 17232002 163.50
432504007 | 42752001 | 26036001 @ 363698007 | 88556005 | 363698007 60176003 163.51
432504007 | 42752001 | 26036001 363698007 = 88556005 | 3563698007 181313007 163.52
432504007 | 42752001 | 26036001 363693007 88556005 | 363698007 32608005 163.53
432504007 42752001 26036001 363693007 88556005 @ 363695007 74964007+28556005 16358
432504007 | 42752001 | 26036001 363698007 | 89556005 | 363698007 10003008+88556005 16358
432504007 | 42752001 | 415582006 363693007 | 11281008 | 363698007 85234005 163.20
432504007 = 42752001 | 415582006 363698007 11281008 | 363898007 59011009 163.21
432504007 | 42752001 | 415582006 363698007 11281008 | 363698007 69105007 163.22
Fig. 34. BAVC instances expressed by SNOMED CT concept code
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gH =5 BAVC Edeo] A&, olgA Add AlEFiasss 7 WA A
A9 AR qtACd o A AwFrEel A wlel g o] 2o A th(Fig
34 (b))
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Fig. 36. Flow diagram of disease classification in the existing system and the

proposed system
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Table 20. Advantages of the proposed system

compared to the existing system

Division Existing System Proposed System
. ‘High readabilit
-Low readability 180 readabl .y .
oo ) . . ‘Ease of selection of a detailed
Input -Difficulty in selecting a detailed . .
diagnosis diagnosis
-Provide information about coding
-Save comprehensive disease - Save specific disease names and
Save names and codes precise codes
‘Decrease in the quality of data -Improve in the quality of data
‘Need manual reclassification b . e
Y -Automatic reclassification by
humans rules
Accuracy -Different code assignments by . .
. -Consistent code assignment
occupation ..
.. -Accurate statistics
-Inaccurate statistics
-Search by attribute, value, base
-Search by KCD-7 code and name Y ’ ’
Search Use a local code to identif concept, KCD-7 code and name
criteria Y ‘Use a standard code to identify

disease names

terms composing disease name
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Table 21. The results of BAVC model coverage

BAVC model BAVC instances

Result

30 (48.4%)
32 (561.6%)

24 (88.9%)

Fully match

3 (11.1%)

Partial match

(0.0%)
62(100.0%)

0

(0.0%)
27(100.0%)

0

Not match

Total
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Table 22. User’s terms related to the cerebral infarction in A hospital

infarction of total middle cerebral artery territory

basal ganglia infarction
cerebral infarction

infarction due to vasospasm
internal capsular infarction
lateral medullary infarction
low flow infarction
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