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[Figure 1] ISO/IEC 11179 MDR (Metadata Registry) Standard metamodel
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[Table 1] 23 basic attributes that describes ISO/IEC 11179 MDR (Metadata Registry) Standard

No. Attribute (Required: *) Definition
1 Data Element Name (Eng)* Name of the Data Element (Eng)
2 Data Element definition (Eng)* Clear definition of the Data Element (Eng)
3 Data Element Name (Kor)* Name of the Data Element (Kor)
4 Data Element definition (Kor)* Clear definition of the Data Element (Kor)
5 Data Element Context Name* Setting in which Data Element is used
6 Conceptual Domain* Concept that expresses its description or valid instance meanings
7 Data Element Concept Name* Concept that is an association of a property with an object class
8 Object Set of ideas, abstractions or things in the real world that are identified with explicit
boundaries and meaning and whose properties and behaviour follow the same rules
9 Property Quality common to all members of an object class
10 Value Domain Name* Name of the Value Domain in which provides representation and set of permissible values
11 Value Domain Definition* Semantic content of a possible value
12 Value Domain Type* Enumerated and Non-Enumerated Value Type
13 Representation Type* - Enumerated: Check Box, Radio Button, Select Box ...
- Non-Enumerated: Calendar, Text Box, Text Area ...
14 Enumerated Permissible Values (identifiers) * Allowable list of values (codes)
15 Non-Enumerated Value Domain Data Type* Type of a value: Number, String ...
16 Unit of Measure Actual units in which the associated values are measured
17 Display Format* Display Format of a value
:YYYY-MM-DD, 999 ...
18 Value Minimum Length Minimum length of a value
19 Value Maximum Length Maximum length of a value
20 Low Value (for Number data type) Lowest value
21 High Value (for Number data type) Highest value
22 Classification scheme Descriptive information for an arrangement or division of objects into groups based on
criteria such as characteristics, which the objects have in common
23 Classification scheme items Metadata item of a type for which classification is supported in a given metadata registry
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| Patient_Admission_Date_DE |

+

Audmaission_Date DEC | Date_WD |

l

| Neon-Enuamerated I

- - l

| Date | Calendar Tipe I
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| R B |

A dmission |

=l

| Past_Allergy_Yes_or MNo_indicator_DE

+* +*

Pas:_Allergy DEC | Yes_or_MNo_indicator_WD |

- - l

Past history | | Allergy

[Figure 2] Examples of Data Element extraction following the ISO/IEC 11179 MDR (Metadata Registry) Standard

(a) shows an example of medical data with “Non—Enumerated” Value Domain Type. “Patient_Admission_Date_DE”

describes the patient’ s start date of admission.
(b) shows an example of medical data with “Enumerated” Value Domain Type. “Past_Allergy_Yes_or_No_indicator_DE”

describes the patient’ s past allergic history by pre—defined permissible values( “Yes” , “No” )
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(a)

1 BA2| B8 718 [BESH BY 7 1842 83 U8 [E3=52 84 7&]

O male O female

(b)

1 Sclera®| ¥&7| &l HSEE MD |0 @)
O Anicteric O Icteric

O Not icteric(Anicteric)

(O slight icteric O Icteric

[Figure 4] Examples of Heterogeneous Data Type managing

(a) managing method of the different hospital items which has same meaning but different Value Domain type
(b) managing method of the different hospital items which has same meaning, same Value Domain type, but having
difference in permissible values
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Collection of Clinical Documents

h

Extract Data Items

h 4

Query CDEs from previous study

k.

/ 586 Unique CDEs /

h

1. CDE Refinement

A

/ Refined 586 Unique CDEs /

Y

Apply CDEs into New Forms

Can apply with 586 CDEs?

2. Matching
(reuse existing DE)

3. Mctadata Extraction
(Define new DE)

y

DE registering in CHMR.

k.

A

Form registering in CHMR

CHMR

[Figure 5] Flow diagram of Common Data Element

reuse and registering method

This figure shows three main step of CDE reuse and registering method:
1. CDE refinement 2. CDE Matching (reuse existing CDE) 3. Define new DE
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[Table 2] Number of Common Data Elements extracted from five clinical documents used at 5 teaching hospitals in

Korea
Hospital Admission Initial Discharge Emergency  Operation Total No. of  ?No. of ®DE Reuse
Note Medical Summary Note Note DEs Unique Rate
Examination CDEs
Note
Ajou DE 84 48 70 83 37 322 227 29.5
Chonnam DE 30 35 20 27 26 138 87 37.0
Gachon DE 70 28 44 54 11 207 161 22.2
Pusan DE 204 123 46 43 12 428 266 37.9
Seoul DE 12 6 9 10 10 47 31 34.0
Total DE 400 240 189 217 96 1142 48.7
Unique CDE 297 162 142 178 57 586

2No. of unique CDE:s across the five clinical documents

b Reuse ratio of DEs across the five clinical documents
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[Table 3] Number of Common Data Elements extracted from five clinical documents used at 10 teaching hospitals in

Korea
Hospital Year of Admission Initial Discharge Emergency Operation Total No. 2No. of bDE
collection Note Medical Summary  Note Note of DEs Unique Reuse
Examination CDEs Rate
Note
Ajou 2015 DE 84 48 70 83 37 322 227 29.5
Chonnam 2015 DE 30 35 20 27 26 138 87 37.0
Gachon 2015 DE 70 28 44 54 11 207 161 22.2
Pusan 2015 DE 204 123 46 43 12 428 266 37.9
Seoul 2015 DE 12 6 9 10 10 47 31 34.0
¢Yonsei 2022 DE 162 29 37 53 23 304 245 19.4
¢Inje 2022 DE 231 147 82 30 16 506 323 36.2
¢Hallym 2022 DE 67 9 30 80 14 200 175 12,5
¢ Eulji 2022 DE 168 78 71 70 22 409 227 445
¢Korea 2022 DE 155 124 57 148 28 512 231 54.9
Total DE 1183 627 466 598 199 3073 72.4
Unique 564 322 212 342 74 848
CDE

2No. of unique CDEs across the five clinical documents
bReuse ratio of DEs across the five clinical documents
¢ Collected for this study
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(1) Collection of Clinical Documents and Data Sets

Clinical Documents

'
'

i

[Question] [Responzz] \
Label Collection and Reprazentative Expression Selection Define Value Type and Collect Penmizzible Valus: E
'

'

Semantic Enrichment of Metadata (top-down approach)

- A Top-level knowledge modsal (2.2, openEHR. Reference Model, HL7 RIM)
- Ontology Development

(2) Metadata Extraction

| Data Element |

v v

Data Element Concept Value Domain

) 4 v
Object Class I | Property |

Enumerated

| Permissible Values

Unit of Measure

Display Format

Min, Max Length

Low;, High Value

Semantic Enrichment of Metadata (bottom-up approach)

- Standard Tenninolozy Annotation
1 2.z SNOMED CT(Clinical tamninology for recording clinical information with relevant details in form of concepts), LOINC(Language for representing

1laboratory measurements, obzervations and documents), UML S(Health and biomedical vocal ies and t0 enable 1 P v between

Ecomputer systems), ICD-10( 2 standard for 2 dizeazes and health conditions, published by the WHO)
i

(3) Composite CDE modeling (data-driven approach)

- A meaningful collection at a practical level that is more informative for humans to understand.
- This approach can accelerate the secondary use of Data (Use data by one's data capture purpose)

[Figure 8] Data Element Extraction process and approaches to
enrich semantics
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Person
(Object ID - 22

_______________________________________________ .
| (20980) Person_Name DE 5
i (20983) Person_Age Value DE

! (20984) Person_Sex_Type DE

! (20950) Person_Cell Phone Number DE

{ (20995) Person_Address_Specify DE

Patient
(Object ID - 39)

Protector
(Object ID : 36)

Daoctor
(Object ID - 40)

{(20980) Person_Name DE !
{(20983) Person._Age Value DE

:(20984) Person_Sex Type DE

i (20990) Person_Cell Phone Number DE

| (20995) Person_Address_Specify DE

(20979) Patient_Registration_Number DE

{(20080) Person_Name_DE
(2099‘\) Pmon Address _Specify DE
{(20990) Person_Cell Phone Number DE

(20098) Protector_Relationship_with_Patient Specify | DE.

(20983) Doctor_License Number DE
(20986) Doctor_Department_of Affiliation DE

[Figure 9] Data Element Examples with Object Class
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Query

SELECT

d.name as 'Object Mame®,

0.0_ID as 'Object ID',
group_concat(de.D_E_ID) as 'DE_id

FROM

data_element de,
data_element_concept dc,
dec_o deo,

object o,

designation d,
language_section 1s,
terminological_entry te,
ai_c aic,
administered_item ai

WHERE de.Data_Element_Concept_D_E_C_ID = dc.D_E_C_ID

and
and
and
and
and
and
and
and

dc.D_E_C_ID = deoc.Data_Element_Concept_D_E_C_ID

deo.Object_0_ID = o0.0_ID

o.Administration_Record_A_R_ID = ai.Administration_Record_A_R_ID
aic.Administered_Item A_I ID = ai.A_I_ID

te.AI_C_ID = aic.AI_C_ID

ls.Terminological_Entry_T_E_ID = te.T_E_ID
d.Language_Section_L_S_ID = ls.L_S_ID

0.0_ID = 56

group by o0.0_ID

Result

Object Name Object ID DE id

Protector 56 20980, 20990, 20995, 20998

[Figure 10] Data Element Query with same Object Classes
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[Table 4] Composite Common Data Element modeling examples

Data Element

Composite CDE Name (No. of aCDE) Atomic CDE Name Concept Object Property
. . . . . Patient Registration R Registration
Patient_Demography_Composite_DE (8) Patient_Registration_Number_DE Number 39: Patient Number
Person_Name_DE Person Name 39: Patient Name
Person_Age_Value_DE Person Age 39: Patient Age
Person_Sex_Type_DE Person Sex 39: Patient Sex
Person Contact Phone - Phone
Person_Cell_Phone_Number_DE Number 39: Patient Number
Person_Address_Specify_DE Person Address 39: Patient Address
Person_Name_Specify_DE Person Name 56: Protector Name
Protector_Relationship_with_Patient_Specify DE Protector Relationship 56: Protector Relationship
Smoking_Status_Composite_DE (6) Present_Smoking_Yes_or_No_indicator_DE Present Smoking Status ~ 203: Present Smoking Status
Present_Smoking_Specify_DE Present Smoking Status ~ 203: Present Smoking Description
Past_Smoking_Yes_or_No_indicator_DE Past Smoking Status 175: Past Smoking Status
Past_Smoking_Specify_DE Past Smoking Status 175: Past Smoking Description
Smoking_History_Per_Day_Tobacco_Consumption_Count_DE Past Smoking Tobacco 175: Past Smoking Tobacco

Consumption Consumption
Smoking_History _Smoking_Period_DE Past Smoking Period 175: Past Smoking Period

CBC(Complete_Blood_Count)_Test_Composite_D
E WBC(White_Blood_Cell)_Neutrophil_Count_DE WBC Neutrophil Count  1237: WBC(White Blood Cell) Count
(12)

WBC Eosinophill

WBC(White_Blood_Cell)_Eosinophill_Count_DE Count 1237: WBC(White Blood Cell) Count
WBC(White_Blood_Cell)_Basophill_Count_DE WBC Basophill Count 1237: WBC(White Blood Cell) Count
WBC(White_Blood_Cell)_Lymphocyte_Count_DE ‘g)‘iﬁt Lymphocyte 1237; WBC(White Blood Cell) Count
WBC(White_Blood_Cell)_Monocyte_Count_DE WBC Monocyte Count  1237: WBC(White Blood Cell) Count
RBC(Red_Blood_Cell)_Count_DE RBC Count 1535: RBC(Red Blood Cell) Count
Platelet_Count_DE Platelet Count 1304: Platelet Count
Hemoglobin_Value_DE Hemoglobin Value 1240: Hemoglobin Value
Hematocrit_Value_DE Hematocrit Value 1302: Hematocirt Value
MCV(Mean_Corpuscular_Volume)_Value_DE MCV Value 1535: RBC(Red Blood Cell) Value
MCH(Mean_Corpuscular_Hemoglobin)_Value_DE MCH Value 1535: RBC(Red Blood Cell) Value
MCHC(Mean_Corpuscular_Hemoglobin_Concentration)_Value_D MCHC Value 1535: RBC(Red Blood Cell) Value

E
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Abstract

Common Data Element modeling
to achieve semantic interoperability
of clinical documents

Na Young Kim
Interdisciplinary Program of Medical Informatics

The Graduate School

Seoul National University

Introduction : Data standardization is a prerequisite for the effective
management of patient medical data in order to share or integrate
data between institutions. Despite the high adoption rate of hospital
information systems in Korea, the level of data standardization is
insufficient due to the application of different systems by institutions.
Prior to this study, there was a preceding study using the ISO/IEC
11179 MDR (Metadata Registry) international standard to ensure
semantic interoperability of medical data. Five clinical documents—
Admission Note, Initial Medical Examination Note, Discharge
Summary, Emergency Note, Operation Note—were collected from five
teaching hospitals in Korea, metadata was extracted, and data

integration work was performed.

Methods : The goal of this study is to evaluate how well the metadata

derived from pervious study can be applied to the clinical documents

from new hospitals and to organize them into groups based on

semantic linkages for effective management. The metadata reuse

rate increased by reviewing the results of the previous study,

refining the metadata more precisely in accordance with _lthe key
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concepts of the data, and applying the refined metadata to the clinical

documents of five new hospitals.

Results : In total, 3,073 metadata were presented for 5 clinical
records from 10 hospitals, and 848 unique metadata were sorted
after duplicated items were eliminated. The propensity for unique
metadata to increase as hospitals were added one at a stage was
validated for the 10 hospitals in this study, which enabled us to
examine the level of standardization for the five clinical documents.
An increase rate of 23.36% was shown when one hospital was added,
and an increase rate of 5.54% was shown when all 10 hospitals were
included, indicating that the number of unique metadata was

decreasing as more hospitals were added. Additionally, a strategy for

effectively utilizing the 848 distinct pieces of metadata was described.

From the perspective of grouping items, the ISO/IEC 11179 Object
Class metamodel was used, and from the perspective of clinical

document design, Composite CDE modeling was used to link relevant
CDEs.

Discussion : This study organized standardized metadata that was
varied in expression but had the same meaning for each hospital,
allowing for the sharing and integrating of data between institutions.
Further designs of standardized clinical documents may benefit from
these metadata since the organized metadata have the semantic
compatibility for the five clinical document domains. Additionally, as
a modeling approach was suggested to enhance the reuse of well—
defined metadata, it is now possible to select and choose the essential
components from the relevant concept area in accordance with the

requirements of the institution when generating clinical documents.

Keywords : Clinical Document, Common Data Element, Metadata
Registry, Semantic interoperability
Student Number : 2021-24710
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