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Abstract

The advanced medical information systems usually consist of loosely-coupled interaction of independent
systems, such as HIS/RIS and PACS. To support easier information exchange between these systems and between
hospitals, and to support new types of medical service such as teleradiology, it becomes essential to integrate
separated medical information and allow them to be exchanged and retrieved through internet. This thesis proposes
an integrated medical information system using XML. We analyzed HL7 and DICOM standard formats, and
designed an integrated XML DTD. We extracted information from HL7 messages and DICOM files, and generated
XML document instances and XSL stylesheets based on the proposed XML DTD. We implemented the web
interface for the integrated medical information system, which supports data sharing, information exchange and
retrieval between two different standard formats. The proposed XML-based integrated medical information system
will contribute to solve the problems of current medical information systems, by enabling integration of separated
medical informations and by allowing data exchange and sharing through internet. The proposed system with
XML is more robust than web-based medical information systems developed by using HTML, because XML
itself provides more flexibility and extensibility than HTML.
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<!ELEMENT HIS
(ADT.A01? ADT.A04? ACK? MFK? MFN.M01?, ORU.R01?,QRY.R02? ORF.
RO4?)>

<IELEMENT GRP.1L.ADT.A01 (NK1)+>
<ELEMENT GRP.2ADT.A01 (DB1)+>
<IELEMENT GRP.3.ADT.A01 (OBX)+>
<!ELEAIENT GRP4ADT.A0L (ALL-+>
<!ELEMENT GRP5ADT.A01 (DGL+>
<!IELEMENT GRP6.ADT.AO1 (ROL)+>
<!ELEMENT GRP.7.ADT.A01 (PRL.GRP6.ADT.A01?)+>
<!ELEMENT GRPS.ADT.AQL (GTI)+>
<!ELEMENT GRPSADT.A01 (INLINZ2?.IN3?)+>
<'ELEMENT ADT.ACL
(MSHEVN PIDFD1?.GRP.1.ADT.A01? PV1PV2? GRP.2. ADT.A01?,GRP.3.
ADT.A01?,GRP4.ADT.A017.GRP5.ADT.A01?.DRG? GRP.7. ADT.A01?2.GR
P.8 ADT.A0L?,GRP.9.ADT.A01?. ACC?,UB12.UBZ?)>
<IELEMENT VH.1 EMPTY>
<IATTLIST VH1
v CDATA #MPLIED
ty CDATA #FIXED “ID">

18 3. HIS.dtd
Fig. 3. HIS.dtd.
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<!ELEMENT RIS (RADIOLOGY. REPORT)+>

<IELEMENT RADIOLOGY.REPORT (HEADER, BODY)>

<!ATTLIST RADIOLOGY.REPORT
study.id CDATA
study.date CDATA

#REQUIRED
#REQUIRED>

<IELEMENT HEADER (PATIENT.INFQ, PROCEDURE.INFQ)>
<!ELEMENT PATIENT.INFO EMPTY>
<IATTLIST PATIENT.INFO

pname CDATA #REQUIRED
pid CDATA #REQUIRED

birthdate CDATA #REQUIRED
gender CDATA #REQUIRED>

<IELEMENT PROCEDURE.INFO EMPTY>

<!IATTLIST PROCEDURE.INFO
codeCDATA #REQUIRED
date.time CDATA #REQUIRED>

<IELEMENT BODY (CLINICAL.INFO, FINDING, IMPRESSION,

RECOMMENDATION)>

<IELEMENT CLINICALINFO (#PCDATA)>

<!ELEMENT FINDING (#PCDATA)>

<!ELEMENT IMPRESSION (#PCDATA)>

<!ELEMENT RECOMVMENDATION (#PCDATA)>

38 5. RISdtd
Fig. 5. RIS.dtd.
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Fig. 6. PACS XML DTD structure.
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<'ELEMENT PACS (DICOM.SET)+>
<!ELEMENT DICOM.SET (DICOMFILE)+>
<!ATTLIST DICOM.SET

study.id CDATA #REQUIRED
study.date CDATA #REQUIRED>
<IELEMENT DICOM.FILE
(GENERAL .REPORT IMAGEJIOD.REPORT?)>
<!ATTLIST DICOMFILE
series.no CDATA #REQUIRED
image.no CDATA #REQUIRED>

<IELEMENT GENERALREPORT (DICOMDATA}+>

<'ELEMENT DICOM.DATA (NAMEVALUE)+>
<'ATTLIST DICOMDATA

group CDATA #REQUIRED
elerment CDATA #REQUIRED
VR CDATA #REQUIRED
VM CDATA #REQUIRED>

<!ELEMENT NAME (*PCDATA)>

<!ELEMENT VALUE (#PCDATA)>

<IENTITY % name "
name CDATA #REQUIRED">

<!ELEMENT IOD.REPORT (NORMALIODICOMPOSITEIOD)>
<IATTLIST IODREPORT %name;>

<!IELEMENT NORMAL.IOD (NMODULE)+>
<!ELEMENT NMODULE (DICOM.DATA)+>
<IATTLIST NMODULE %name;>

<IELEMENT COMPOSITEIOD (IE)+>
<IELEMENT [E (CMODULE)+>
<IATTLIST IE %name;>

<IELEMENT CMODULE (DICOMDATA)+>
<!ATTLIST CMODULE %name:>

<IELEMENT IMAGE (#PCDATA)>

2 7. PACS.dtd
Fig. 7. PACS.dtd.
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Fig. 9. Integrated XML DTD structure.

<IENTITY % HIS-messages PUBLIC
"-//HIS//DTD HIS message definitions//EN"
"HIS.dtd" >

Y%HIS-messages:

<!ENTITY % RIS-reports PUBLIC
"~//RIS//DTD RIS report definitions//EN"
"RIS.dtd” >

9RIS~reports;

<IENTITY % PACS-images PUBLIC
"-//PACS//DTD PACS image definitions//EN"
"PACSdtd” >

%PACS-images;

<IELEMENT INTEGRATED.REPORT (PATIENT)+>
<!ELEMENT PATIENT (HIS, RIS, PACS)>
<!ATTLIST PATIENT
pname
pid CDATA

CDATA
HREQUIRED>

#REQUIRED

3% 10. INTEGRATED.dtd
Fig. 10. INTEGRATED.dtd.
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Fig. 11. System architecture.
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ZHH

O HIS AX¥32% 2 HIS XML ¥4+ 44

HIS A¥+= HL7 EF AR 2458 53180} o]
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e sl AA] diZE XML #4155 AAdh <a¥
12> HL7 ACK wAx|23e 44" 2=k HIS
XML &4 4] o5 Hejgd

ACK HL7 Message

MSH{"~w

&ILAB" 00 bar}767643[ADT|767543119900314130405|JACK {XX3657|P
[2.1<CRA>

MSA|AA|ZZ9380<CR>

HIS XML Document

<ACK>
<MSH>
<KMSH.1>[</MSH. 1>
<MSH.2>"~W&amp:</MSH.2>
<MSH.3>
<HD.1>LAB</HD.1>
<HD.2>foo</HD.2>
<HD.3>bar</HD.3>
</MSH.3>
<MSH.4><HD.1>767543</HD.1></MSH.4>

<MSH.5><HD.1>ADT</HD.1></MSH.5>
<MSH.6><HD.1>767543</HD.1></MSH.6>
<MSH.7><TS.1>19800314130405</TS.1></MSH. 7>
<MSH.9><MSH.9.CM.1>ACK</MSH.9.CM.1></MSH 8>
<MSH.10>XX3657</MSH.10>
<MSH.TI>KPT.A>P/PT P ></MSH . 11>
<MSH.12>2.3.1</M8H 12>

</MSH>

<MSA>
<MSA.1>AAS/MSA.1>
<MSA.2>ZZ9380</MSA.2>

</IMSA>

</ACK>

a2l 12, HIS XML &4 28l o
Fig. 12_. An example of HIS XML document instance.

<RIS>

<RADIOLOGY REPORT>

<HEADER>

<PATIENT.INFO

pname="Peter” pid="660106115412" birthdate="19660106" gender="M'"/>
<PROCEDURE.INFO code="P5-20000" Date. Time="19980427"/>
</HEADER>

<BODY>

<CLINICAL.INFO>

History of smoking for 32 years.

</CLINICALINFORMATION>

<FINDING>

Comparison is made with a chest-X-ray done 6 months ago.

The lcm nodule previously noted in the right lower lobe is larger.
approximately 1.8 cm The nodule is round, with no calcification.
There is no adenopathy. Heart size and bony structures are normal.
</FINDING>

<DVPRESSION>

located in the right lower lobe is suggestive of malignancy.
Compared with a prior CXR from 6 months ago, nodule size has increased.
</IMPRESSION>

<RECOMMENDATION>

I notified the ordering physician of this finding by phone.
</RECOMMENDATION>

</BODY>

</RADIOLOGY REPORT>

T8 13, RIS XML £4 alAsx o
Fig. 13. An example of RIS XML document instance.
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@ RIS AHEFZ 2 RIS XML ¥4 A4

RIS dlolEl+= RSNA(Radiological Society of North
America, Inc) v 8MAAI8ES] DICOM o]nA]of
o3t ziek 2] FE(1996 RSNA_Reports.txt) & AHL3Hd
onj MA 229 RIS XML DTDel 7]&3l] RIS
XML £A43-2 PA3cl <23 13> RIS XML &+

A e eole,
A

@ PACS AHBF% 9 PACS XML 414 A

DICOM #d-& =19 dloje] dejmlES] Ao
TFA59 Group, Element, VR, Length, Value®] <4
2 ukEAor AHuyl Soigjeh ulzbd DICOM o]l
skl 4] group 2 byte, element 2 byted a2t FH,
t}2 2ol 4 byteE ¢ DICOM DictionaryollA] &l
% group? element”} Yfeh e Data Element®] ©]&
I} dlele] ko] Aolg & 5 slx, T oL ZHo|uE
S-S olonl AR dloly ke dobd 47} ok

%3 DICOM gedefl 4] edakelnl=])e] A glo] &
19l Hlole] AU EE Groupe] OX7FE), Element
7} 0X0010%! “Pixel Data”]ch wletal o] dlofe] <lg]
AEs e A G4 R FEs d 5 gW

R =R = “DICOM2” DICOM ZE{E]E ©]-8-3}
of ol#] DICOM #Hd 2He] zpzke] wele] defrlEs}
olmlz] ABEZ Z&Esick <% D3 <a¥ 1oE
DICOM stdg2ie] 2249 dolg] d27lE deo|& A
Be} o]u|AE B3 gtk <& 1>elA 7+ g 3}
2] DICOM 2|71 E AR5 FA8P Data 3t ¥4
o] F7tEl 71-¢ A5l parte] Data Dictionary<}
A TAEYE & S ol

£% DICOM vlole] AH(do]e] dzjHEs} o]y

E 1. DICOM #}ele] H~E Ay of|(xixt
5}9))
Table 1. An example of text information from
DICOM file.
f Herrert Description. | Group/Hlement | W[ AR Dotz value)
Sury Dete|  (QO0BC0Z) | 1 | DA | (198601191
Mocaliee]  ©O00B006) | 1 | CS | B
TatientsName|  (OIOM0I)) | 1 | IN | [NAITTER® NARGRET)
Datiert's D[ (010004 | 1 | LO | (ACNOOOONL]
Patient's Birth Date | (Q010.0030) 1 | DA [ [1950.04.0]
Terfotming [vsidans N (O0B10E0) | 1n| TN | [KLOFASEDWARD]
|

(429)
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T2 14. DICOM =ele) ojulA] A ¥ of|(chest.png)
Fig. 14. An example of image information from
DICOM file(chest.png).

<PACS>

<DICOMSET study.id="2019" study.date="19980209">
<DICOMFILE series.no="1" imageno="1301">
<GENERAL.REPORT>

<DICOMDATA group="0008" element="0016" VR="UI" VM="1">
<NAME>SOP Class UID</NAME>
<VALUE>1.2.840.100085.1.4.1.1.1</VALUE>

<FE>
<DICOM.DATA group="0028" element="0011" VR="US" VM="1">
<NAME>Columns</NAME>
<VALUE>440</VALUE>
</DICOMDATA>
</GENERAL.REPORT>
<IMAGE>chest.png</IMAGE>
</DICOMFILE>
</DICOM.SET>
</PACS>

T3 15. PACS XML #4] QlAa®A o

Fig. 15. An example of PACS XML document instance.
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Fig. 16. Storing and retrieving mechanism.
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Fig. 19. Results of integrated retrieval.

TR

a2 20. HIS AR 74 A
Fig. 20. Results of HIS information retrieval.
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