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Abstract

In this paper, we present the design and implementation of a regional health information system that
reconciles patient clinical data from heterogeneous Point of Services(POS) applications and supports
complicated clinical queries. We propose to design a simple XML format for the representation of
clinical documents and a messaging-based protocol for exchanging of clinical documents to facilitate
the adoption of international standards such as CDA and IHE XDS profile for local application
vendors. We also propose to use a hybrid relational-XML database for the storage of CDA documents
that leverages both relational and XML optimization techniques to improve the performance of flexible
clinical queries. This system has been deployed in a pilot phase to a regional health information
organization operated by a top hospital in Beijing, China.

Introduction

A Health Information Exchange (HIE) is an electmniovement of health-related information among
organizations utilizing nationally recognized starts and policies, as defined the National Alliance
for Health Information Technology in 2008. HIE hgained world wide adoption, with United States
leading the way, because of it's promise to imprthe quality, safety, and efficiency of patienteta
The potential for HIE to reduce costs and imprdweduality of health care in ambulatory primaryecar
settings is also well recogniZedf the HIE initiatives are operated on the regiblevel, the governed
organization is often called “Regional Health Imf@tion Organization” (RHIO).

In China, building effective and shareable heattforimation system is one of the eight key building
blocks of the China Health Reform proposed in 20Bi@re, the regional health information network is
the focus initiative believed to improve the heedite quality while reducing the cost. Regional HHE
still at its early stage in China due to the ladkimteroperability standards and implementation
guidelines. To foster the development, the Stee@ognmittee of Health Informatics led by China
Ministry of Health has published the “Guideline Building the Regional Health Information Platform
based on Electronic Health Records” in 2009. Thislgline describes a technical architecture for the
regional health information platform, which incleda regional HIE to exchange data among disparate
healthcare information systems and a central EHRc{®nic Health Records) data repository that
stores a longitudinal electronic record of patiesalth information generated by encounters in amg ¢
delivery setting. This committee also published“#hechitecture and Data standard of Electronic lteal
Records” (a.k.a. MOH_EHR) in 2009, which definesoaceptual model of EHR and the data elements
to be collected in EHR.

To have a pilot implementation for such a regidmedlth information platform, we has been partnering
with a RHIO in China since 2009. This RHIO is drivby the Peking University People’s Hospital
(PKUPH), one of the top hospitals in China with smdhan 1.5 million outpatient visits annually,
providing 1500 beds, and connecting more than lfinwanity healthcare service centers and 40
healthcare employee service units. We aim to baitd interoperable regional health information
platform, so we use the well-known HL7 CDA (Cliniddocument Architecturé)standard for the
representation of clinical documents and the IHESX@ross-Enterprise Document Sharing) profibe

the exchange of clinical documents. This systenehzeen successfully implemented and deployed on
this RHIO at the pilot phase. During the design mmolementation, we faced two main challenges:

1) How to use both international and local standapdstfe integration with the Point Of Service (POS)
applications developed by local vendors. Intermaticstandard adoption is still slow in China as a

824



2)

developing country, while both CDA and IHE XDS plefhave not been accepted as national
standards. Meanwhile, there are more than 500 thésfibrmation system vendors in China, 85
percent of which are medium-size or small-size camgs. The involvement of international
standards in those companies is not active. Acangrtth the IHE-C Connectathon testing result
from 2008 to 2010, only three local vendors suppieet IHE XDS Document Consumer actor in
2010. So it is not practicable to expect every POS iappibn vendor to submit the clinical
documents in form of CDA via the IHE XDS protocol.

How to build an EHR data repository that supportswaering complex clinical queries over large
volumes of CDA documents. After clinical documefritsm disparate health information systems
are collected, the clinical data in the documehtaikl not only be accessed via IHE XDS profile in
the granularity of document, but also be enabledtf® “secondary use of health détddy
supporting complex clinical data usage scenariagh sas risk assessment, chronic disease
management and clinical trials. In addition, theU™ has accumulated data of more than 10
million patients with at least 1200 million clinicdlbcuments. To manage such large volumes of data
efficiently, a high performance physical schemaigitesand query answering implementation is
needed.

We believe that the challenges we face are notuenigspecially for the developing countries. To
address the two challenges, we proposed a frontaglaghtor for the POS vendors to facilitate the
adoption of the international standards and usihgtaid relational-XML databa&efor the storage of
CDA documents. Our contributions of this work candnmmarized as below.

1)

2)

We propose a methodology to design relatively sempEML interfaces derived from CDA
templates for the representation of clinical docotmeand a messaging-based protocol for
exchanging of clinical documents. The simple XMLrnfat is derived by “marrying” the
international standard such as HL7-ATSM C@bd IHE PCC content profifewith the local data
element standard MOH_EHR. Then we transform thepleinKML format to CDA format and
submit the CDA documents via IHE XDS profile. Thaimadvantage is that the POS application
vendors need not have prior knowledge of the CDAthe IHE XDS profile. This helps to lower
the high barrier of the adoption of such internagicstandards.

We propose to use a hybrid relational-XML databaser the storage of CDA documents,

supporting both patient-centric data services tergufor a patient’'s vital signs, problems,

medications and other clinical data, and populatientric data services to query for a list of
eligible patients satisfying a list of clinical atitions. We presented a simple but efficient phaisic

schema for the EHR data repository. The preliminexperimental results show that the query
performance is quite efficient, especially for theeries of clinical data for a given patient.

Methods

The overall design of the regional health informatiplatform is shown irFigure 1. This system
consists of the following components:

Data Registries They are registry systems to manage the infaomatequired to uniquely
identify the actors and resources in the platforfitnese identified elements include the
demographic data of the patients (EMPI Registryefmise Mater Patient Index), the providers of
care (Provider Registry) and the terminologies usediescribe diseases, procedures or other
clinical data (Terminology Registry).

XDS Document Registry and RepositoryAn implementation of the IHE XDS profile providjn

a standards-based system for managing the shafimginical documents among healthcare
enterprises. It includes a document repositoryaesible for storing documents in a transparent,
secure, reliable and persistent manner and respgrididocument retrieval requests. And it also
has a document registry responsible for storingadwt about those documents so that the
documents of interest for the care of a patientlmeasily found, selected and retrieved.

POS Document Exchanger It interacts with the POS applications to requesl receive clinical
documents, and submits the collected documentsetXDS Document Registry and Repository.
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Figure 1. The system architecture of the regional healtbrination platform

® EHR Data Repository. It stores the CDA documents in a hybrid relatieXML database and
provides fine-granularity access to the clinicaiadancluding patient centric query of clinical dat
for vital signs, allergies, medications, immunigas, diagnosis, procedures and visit histories, and
population centric query for eligible patients sBfing a set of clinical conditions.

® EHR Data Loader: It fetches newly submitted CDA documents frone tKDS document
repository, shreds and loads the CDA documentstivtdEHR data repository.

® Regional Health Service Bus It provides messaging, transformation and coniocation
mechanism for all the components.

® EHR Portal: It provides a single seamlessly-integrated vidwalb available, relevant clinical
information about patients regardless of its souitagisplays the EHR document view by querying
the XDS document Registry and Repository, and tHR Elata view by querying the EHR data
repository. In addition, for the EHR data, it wethows the link to the CDA document from which
the data is extracted.

® POS Applications: The Point of Service (POS) applications are thermftion systems in the
healthcare enterprises, such as Lab Informatiote8ysHealth Information System, Radiology
Information System, Electric Medical Record systeets. These systems are the data sources of
the regional health information platform.

POS Document Exchanger.The IHE XDS Profile is the foremost framework tasdh and exchange
clinical documents in form of CDA among healthcargerprises. But in our experience, we find it is
difficult to directly use CDA and XDS for regionhealth information exchange because the local POS
application vendors have limeted development erpesd in international standards as CDA and IHE
integration profiles. To address this issue, waghesl a simple document exchange protocol for POS
application vendors.. At the same time, the archite allows the POS application vendors directly
submit CDA documents into the XDS Registry and Répoy if they have sufficient development skills
in international standards.

In the protocol, the clinical documents to be sutediby POS applications are in a simple XML format
which is close to the format of their original datad is much simpler than CDA. For each specifiwlki
of clinical document, like admission record or kst result report, we design a simple XML format,
rather than using the general CDA format. The desigthe simple XML format is based on the HL7-
ASTM CCD specification, IHE PCC content modules @hd EHR Data Elements in MOH_EHR
specification, which defines some common used e@tments in EHR content with an identifier, name,
description, and data type and data range. Taadbe simple interface XML format for a clinical
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document, we propose a methodology as showkFigare 2. We first identify the IHE PCC or CCD
sections or entry templates in this document, firedrelated data elements in MOH_EHR specification,
and then define the mappings between the MOH_EHR diements and the elements in the CDA
entries. Based on the mappings, we build a temptatdel for the documents, sections and entries.
Finally, we derive a simple XML format by replacitige CDA elements by MOH_EHR data elements
supplemented by schematron rules and the XSLT foanations from the simple interface XML
document to CDA.

Identifyv sections
following CCD and PCC

Finding data elements
in MOH_EHR standard

Define mapping between data elements
and elements in CCD/PCC template

Define document/section
/entry template model

a

Define XML schema for each
section/entry template model

Define schematron rules for each
section/entry template model

Define ¥SLTs to transform
interface XML to CDA

Figure 2. The methodology to define a simple XML format &oclinical document,

For example, for the Admission Diagnosis Sectioarghis a mapping from theffectiveTime of the
problem observation to the MOH_EHR data elementagbosisTime”, then we can build a template
model based on IHE PCC content modules represéstsbasic structure of this section, i.e., an
Admission Diagnosis Section (“AdmissionDiagnosigiec) includes a problem concern entry
(“AdmissionDiagnosisAct”), which includes a probleservation (“AdmissionDiagnosisObservation”).
Based on the template model and mappings, the atelmmerarchy in the simple XML format will be
like

“ Admi ssionDi agnosi sSecti on/Admi ssionDiagnosi sAct/ Admi ssionDiagnosi sObser vation/Diagnosi sTime

". Figure 3 shows the sample of the template model, the mgppind the customized XML schema.
From Figure 4, it can be found that the simple XML format (L)riauch simpler than the transformed
CDA format (R) of the admission diagnosis section.
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sectiontemplatele/@root="1,3,6,1.4.1.18376.1.53.1.3.3.1" (;eﬂ:ryracl-'entryne ationshipfobservationvalue/@dsplayName
sectionfemplatela/@root="1.3.6.1.4.1.19376.1.5.3.1.3.3.1° Jeniny/actientryReationshipiobseryationivaiye/@code
sectionfemplateld/@root="1.9.6.1.4.1.10376.1.5.3.1.3.3.1° JenirylactientryRelationship/observaton/efiectiveTime
sectionfemplateig/@root="1.3,6.1.4.1.19376.1.5.3.1.3.3.1" fentrylactientryReiationship/observation/entryRelationshipiobsenation/valug/@code

Figure 3. The template model, the mapping, and the XML sehtan Admission Diagnosis Section
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<AdnissionDiagnosissection> <component>
& = <sectiony
cevmilER (BYEHEL = </texty
L W Eﬁ (zﬁ%ﬁﬁ“ﬁ ﬁ’ &Iﬁ]ﬁ:) ' ﬁlﬁﬁﬂﬁﬁ% <templateld rcot="2.16.840.1.113883.86.10.2.1"/>
<anissiondiagnosishct> <code code="CV5502.20.3" codeSysten="2.16.840.1.113883.6.600" coceSystemName="HOH EFR"

<AdmissionDiagnosisthservationy displapiene= \NELHTA 1 />
< BEb200s10LL¢/ B B <titloARBHctitle> R
EREEARU-ETORAER (BURHEG, W) | COORMER (RN, BER) RRERER o0
JEREE -2 Gt ¢ TACT" mocdzode="EVN">
< T-REI10.%02¢/ BB EF AF <templateld roct="2.16.840.1.113883.10.20.1.27.2"/>

=R />
y onship type
<chservation cl

EREFERRIOE02.18.20 ERENERRS <code nul
</ndnissionDiagnosisObservation> ;

</hdnissionDiagnosiscty

<Adnissiondiagnosishcty

"QBS" roadCodz="EWN">

<templeteld root="2.16.840.1.113383.10.20.1.28"/>
de="HRS5.02.041.02" code3ysten="2.16.640.1.113683.6.600"
enllanz="M03_EHR" displayNane="E B E & A BB HT-1E />

<ldmissionDiagnosisObservation>
G HEb000LL B A
SENRL-2T RN R R 2E \RL -7
-E>163.902¢/ £
EREFERRIOE02.18. 20 EREEERRS

‘ode code="completed"/>

="20081011"/>

"I10.X02" codesysten="2.16.640.1.113683.6.3"
erlanz="ICD10" displayNane="rm i fE" />

</observation>

=i

L . . </entryRelationships
</ndnissionDiagnosisObservation>

<Jact>
</hdnissionDiagnosiscty ety
</MdnissionDiagnosissection> - Another entry is onitted-+
</section>

</component>
Figure 4. The simple XML format (L) and transformed CDA (&)the admission diagnosis section

In the protocol, the document submission is basethe asynchronous messaging mechanism which is
easier for implementation than the IHE XDS profiy. using the asynchronous messaging, the POS
applications can be loosely coupled from the regjibiealth information platform. This protocol ha®t
transactions triggered by the events: new EHR tecoeated and new POS document generated. When
an EHR record for a patient is created, the POSuBPeat Exchanger will publish the message to the
messaging server. All the POS applications willsemifpe this kind of message. After receiving this
message, each POS application will answer the mesky sending back all the historical clinical
documents of this patient. When a new POS docuisegenerated for a patient with EHR record, the
POS system will send a message to the POS Docuirehainger with the new document.

The POS Document Exchanger implements this documatitange protocol and serves as the adaptor
of the XDS registry and Repository for the POS magibns. It fetches the submitted XML documents
from the messaging server, transforms them to thedard CDA formats and submits the CDA
documents to the XDS Registry and Repository uBitigXDS protocol.

EHR Data Repository. The EHR Data Repository persistently stores the @Déuments and provides
the EHR data services to applications, such as Bétfal. One fundamental problem is the choice of
the database among relational database, XML daatrasthers. Our choice is the hybrid relational-
XML database. We will show the rationale, the pbgkschema design and the supported data services.

Since CDA is an XML-based standard format, so #traightforward to choose XML database as the
data store. The simplest schema for CDA documen®ViL database is just to store the entire CDA
documents into one table and all the queries ord#ia are implemented by XQuery. However, this
solution can not guarantee the query performaneeause XML indexes are not as efficient as the
relational index, and there are still many limigas on XML column as some powerful relational
optimization techniques can not be applied, suchaage partition and multi-dimensional clustering.
Another approach is to shred CDA documents intcelational database with many tables. This
approach suffers from the query performance, becgqusries over shredded XML data often requires
multi-way SQL joins to reconstruct the XML fragmewihich is inefficient and hard to maintain. Thus,
we believe the best practice is to Ungbrid storage, i.e. with some of the data in relational formatla
some of the data in XML format. To design the liytschema, we proposed a hybrid model to store
CDA documents according to the data access pattérBsiR applications. The basic idea is to store
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the XML elements or attributes likely to be queiltief parameters as the normalized relational pad
the elements likely to be returned by the quergesha XML part, then to de-normalize the relational
part to improve query performance using the wetitkn de-normalization techniques, such as
collapsing relationships, horizontal and verticattftion, redundant attributes and derived attelét

Figure 5 shows the main part of hybrid schema. There istabke corresponding to each XML element
of Act, Document, Section, Organizer, Observation, Procedure, SubstanceAdministration and
Encounter in CDA document, because each element may benextufor a query, such as querying for
patient’'s past medical history section, or lal tesult organizer. The common columns are: ACT_ID
(the sequence id generated by database), the TENMEBIDA (an XML column to represent the child
elementtemplateld), CODE (a relational column shredded from thddckiementcode to refer the
code id in Terminology Registry), the EFFECTIVETIMEOW and EFFECTIVETIME_HIGH (the
relational columns shredded frodffectiveTime element in CDA), the XMLCONTENT (an XML
column to represent the corresponding element i)CDthe DOCUMENT _ID(the foreign key to
indicate which document this element belongs tbhe EMPI_ID(the unique Id of patient in EMPI
Registry), along with the the ENCOUNTER_ID (thedign key to indicate which encounter this
element belongs). Additionally, For th@bservation schema element, there is more relational data
shredded extracted from its child elemewdsue and interpreationCode to support queries such as
finding patients with HbAlc is greater than 7.0iohigher than the reference rangeigure 6 shows
the data loading diagram for the table OBSERVATION.

E DOCUMENT

2 DOCUMENT_ID : BIGINT =ISECTION

5 2 ACT_ID : BIGINT
B AUTHOR_ID : BIGINT TEMPLATEID : XML

CODE : BIGINT

EFFECTIVETIME_LOW : TIMESTAMP
EFFECTIVETIME_HIGH : TIMESTAMP
EFFECTIVETIME_WIDTH : INTEGER

B CUSTODIAN_ID : BIGINT

B TEMPLATEID : XML

E CODE : BIGINT

B EFFECTIVETIME_LOW : TIMESTAMP
B EFFECTIVETIME_HIGH : TIMESTAMP
B XMLCONTENT : XML
B

B

B

B

XMLCONTENT : XML 1 ORGANIZER
ENCOUNTER_ID : BIGINT 22 ACT_ID : BIGINT
ENCOUNTER_ID : BIGINT — _
=Y DOCUMENT_ID : BIGINT B TEMPLATEID : XML

o m mm o m o om

HIE_ID : VARCHAR(128)
EMPI_ID : VARCHAR(128)
SUBMISSIOM_TIME : TIMESTAMP

EMPI_ID : VARCHAR(128) CODE : BIGINT
EFFECTIVETIME_LOW : TIMESTAMP
EFFECTIVETIME _HIGH : TIMESTAMP
XMLCONTENT : XML
ENCOUNTER_ID : BIGINT
DOCUMENT_ID : BIGINT

EMPI_ID : VARCHAR(128)

1 OBSERVATION
2 ACT_ID : BIGINT
VALUE_CD : BIGINT
VALUE_STRING : VARCHAR(5000)
VALUE_NUMERIC : DECIMAL(20 , 5)
INTERPRETATIONCODE : BIGINT
TEMPLATEID : XML
CODE : BIGINT
EFFECTIVETIME _LOW : TIMESTAMP
EFFECTIVETIME_HIGH : TIMESTAMP
XMLCONTENT : XML
ENCOUNTER_ID : BIGINT
DOCUMENT_ID : BIGINT
EMPI_ID : VARCHAR(128)

Figure 5. The part of the physical schema for the EHR dep@sitory (foreign keys are not shown)

B ENCOUNTER
2 ACT_ID : BIGINT
IN_LOCATION_ID : BIGINT
OQUT_LOCATION_ID : BIGINT
TEMPLATEID : XML
ID_ROOT : VARCHAR(128)
ID_EXTENSION : VARCHAR(128)
CODE : BIGINT
EFFECTIVETIME_LOW : TIMESTAMP
EFFECTIVETIME_HIGH : TIMESTAMP
KMLCONTENT : XML
DOCUMENT_ID : BIGINT
EMPI_ID : VARCHAR(128)

m I o

I 0 O O T O O o o
R R R R R R R B e}

Path: /ClinicalD

~  OBSERVATION

= intarpratationCodes =

Figure 6. The data loading from the XML elemestiservation to the Table OBSERVATION
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EHR data services can be implemented based on@uX$IL capabilities provided by the hybrid
relational-XML database. At present, the suppor#dR data services include patient-centric data
service, population-centric data service and EH&tslservice. The patient-centric data service is
similar to IHE Query for Existing Data Profile (QEBthat queries clinical data for a given patient,
including vital signs, problems, medications, efeor example, one is able to query for the HbAlc's
testing result in the last 1 year of patient A. abidition, the patient-centric data service inctutteose

for dynamically building a referral summary for aspital visit including diagnosis, imaging resulth
test results and medications etc. during this.vidiie population-centric data service supports yjogr
for a list of patient satisfying a conjunction afralitions that can be the demographic data anétalin
data. For example, querying for patient with monant 50 years old and Type Il diabetics with
medication history of Metformin Hydrochloride Tatde The population-centric data service can be
used to support clinical trial and health alerthe EHR alert service is to generate a list oftaland
reminders of each patient based on his/her climiatd, w.r.t. a set of user-defined alert condgtion

EHR Portal. The EHR portal provides an integrated view on theiaal data for different roles,
including clinicians, patients, clinical researchemnd healthcare service managers. In the document
view, the EHR portal provides the browsing of tHimical documents organized by folders in XDS
Registry and querying of clinical documents basedhe® XDS metadata, including the effective time,
the document code and the custodian organization.

In the data view, the EHR portal provides an iragepl view of patient’s clinical data, including a
customizable EHR data summary, a summarized basitthhinformation, a list of encounters with
summaries, a list of physical examination resualthst of imaging results, a list of lab test résuh list

of medications and a list of regular body checlkegutts. The EHR data summary (showrrigure 7)
includes the latest diagnosis, encounters, meditaitand interested examination and lab test results
The summarized basic health information includesdemographic data from EMPI Registry, the past
medical histories, the allergies, the social histahe family history, the immunizations and the
procedures histories. The EHR portal also provideguery builder for clinical researchers to build
complex clinical data query on the EHR data repogitthe query conditions can be demographic data,
vital signs, lab test results, diagnosis, proceslarel medications.

B EHR Dala S —
e Hecthe T
EhE
Basic nformation EEERRF
Medical Record T e
Phsyical Exam ARG R wa s pp—
imaging Report o R S
Lab Test —
Medication T s —
Body Checkup ——
CincalDocuments e - —
8 EHR Polulaton Info s
Health Alents S — )

B e i T
- ———

Population Health Que

0 N '

Figure 7.the Ul of EHR data summary page in EHR portal
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Results

This system has been implemented by using Javaidaeg several open source packages and several
industrial-strength IBM software products and solus. The XDS document registry and repository is
using IBM Health Information Exchange (HIE) Solutid/1.0. The POS document exchanger is
implemented by using the open source IHE Integnapoofiles V1.0 from the Open Health Tools
organization to interact with the XDS Registry aRdpository. The Regional Health Service Bus is
implemented based on the IBM WebSphere MessageeareliBroker V6.1, while the CDA Converter
is implemented using the ESQL language in WebSplessage Broker for performance consideration.
The EHR data repository is implemented based onlBié DB2 pureXML V9.7 that provides a
performance-proven hybrid storage of relational AML data. The EHR Portal is implemented based
on IBM WebSphere Portal Server V6.1. The EHR Datader is implemented by using store
procedures plus XMLTable function supported in OB2eXML.

This system has connected 6 POS applications.tidddily, we have designed 14 CDA document
templates and 46 section templates in the simplé Xdvimat, as shown in Table 1, leveraging the CCD,
IHE PCC content modules and MOH_EHR data elemeetifpations. Using our simple document
exchange protocol, it only takes less than 10 pedsys for each POS application vendor to develop
the module to submit documents to the regionaltheéalormation platform.

POS Application Categories of Clinical Document

RIS system Imaging result report (with a link he image on the PACS server)
LIS system Lab test result report

EMR system Admission note, Procedure record, Digghaummary, Summary of

Death, Summarization of episode note in 24 Hougsimmary of
Death in 24 Hours, Outpatient consultation note
BodyCheckup System Body checkup result report Jtiheaestionnaire form

Hospital Information Sys. | Prescription Payment sheet

Regional Health Referral summary
Collaboration System

Table 1 POS applications and categories of clinical dosuis

This system has been deployed on the RHIO drivethbyPKUPH. During the pilot phase, we have
created EHR records for 3,361 patients and the &@fications have submitted 55,359 CDA level 3
documents to the repository. In detail, there atet@L lab test reports, 3,351 prescriptions, 6,399
imaging reports, 4,666 body checkup reports, 208is&lon records, 82 procedure notes, 209 discharge
summaries, and 9,044 payment sheets. We have ceada preliminary user acceptance testing to
several physicians from PKUPH and healthcare sermianagers from employers. The feedback is
positive in that the EHR portal provides an intégdaview of patient health data, which was not
possible before the deployment of this system.

To have a hand-on experience on the performandbeoEHR data repository using DB2 pureXML
V9.7, we performed a preliminary experiment studhere 10K, 100K, and 1M CDA level 3 documents
are loaded into the EHR data repository in threes.ruThese documents are lab test reports exported
from the LIS system in PKUPH with protected privacformation. All the experiments are carried on
an IBM X3650 server with an Intel(R) Xeon 5160 33z CPU and 8 GB of RAM. We designed three
typical clinical queries on the EHR data repositoft) Q1: query all lab test organizers for a @atti
(returned with the XML elememrdrganizer in CDA documents); (2)Q2: query all tiabnormal lab test
observations in the last year for a patient (redrmvith the XML elemenibservation in CDA
documents); (3) Q3: query all the patients withititerpretation code of Triglyceride testing is HH@r
HbA1C result is larger than 6.2 (return a list afipnt's EMPI_ID). To compare the query performanc
of using native XML database, we also designecharsa without the relational columns that extracted
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from the XML fragments to improve the query perfamoe. For example, in the table OBSERVATION,
the columns CODE_ID, EFFECTIVETIME_LOW, EFFECTIVEBME_HIGH, VALUE_CD,
VALUE_STRING, VALUE_NUMERIC and INTERPRETATIONCODHD were removed. In each
schema, the relational indexes and XML indexegdedlto the queries were created. The query response
times were reported as the average result of 5witheut any specific database performance tuning.

Data Set Storage Type Q1(s) Q2(s) Q3(s)
10K XML 0.002071 0.010123 2.449527
Hybrid 0.002413 0.001897 0.091869
100K XML 0.002305 0.013455 3.529810
Hybrid 0.002547 0.002272 0.392873
M XML N/A N/A N/A
Hybrid 0.364126 0.604943 6.573756
Hybrid+XML compress 0.011244 0.015008 3.045117

Table 2 Query response times of Q1, Q2 and Q3 on diftetatasets

Table 2 shows the query response times of the wesigueries with different datasets. Based on the
query performance data on the dataset 10K and 1t@kgueries on the hybrid schema are much more
efficient because the relational indexes are mffident than XML index. As it's common to compress
XML data by 60 to 70 percent, the XML compressiag @lso boost the performance because it reduces
the 1/O operations by enabling the database toestnore columns per page. In addition, query
answering for Q1 and Q2 is more efficient than R;ause the database can quickly identify theeelat
rows if the patient id is fixed by only scanningetindex on the column of EMPI_ID. The query
performance of Q3 is relatively slow for that itis about 20 thousands rows without paging suppor

Discussion

Standards Adoption. We adopted the IHE XDS profile as the clinical doemt exchange and sharing
standard and the CDA as the clinical document forstandard. The combination of CDA and IHE
XDS profile is a good choice for the sharing ohidal documents among healthcare enterprises. But
we found the local POS application developers hémeted skills in international standards
implementation, especially the complex HL7 standasdch as CDA. So we designed a front-end
adaptor for the POS vendors, including the simpiiormat for clinical documents and the document
exchange protocol. We believe this is the key faftio the success of this project because all tHR E
data comes from the various POS applications. THogeq delivery would be easily delayed if we
require all the POS vendors to submit the documerfierm of CDA via IHE XDS profile, because the
learning cost of such standards of each vendoratdfully pre-determined.

For the terminology standard, we adopted the ICOet@liseases and ICD-9-CM for procedures. But
for the lab test data, we did not adopt the LOIN&hdard because it is not supported by the local LI
applications and the mapping is difficult. We atbd not adopt the SNOMED CT, because China is not
a national member of the IHTSDO and has no licéoisENOMED CT use.

For the EHR data service standard, we noticedIthBtQED profile serves for this goal. But after a
closer look on the IHE QED profile, we think it i®t compatible to the CDA model, because the
messaging format of QED is based on the HL7 caowigibn domain, whose underlying clinical
statement model is not exactly the same as th@bGOA.

CDA Repository. The efficient management, storage and retrie&Mm»A document is a challenge for
EHR systems. There have been some proposals fat@i#estorage in a relational datab¥sebject-
relational databad®and XML databasé'’. Based on the characteristics of CDA documentsthad
requirements of EHR applications, we proposed &hybrid relational-XML database as the storage of
CDA documents. We believe that hybrid relational-Xatabase is more suitable for the CDA storage
than relational database or XML database. Yuweh .2 also propose to use hybrid relational-XML
database to store the CDA documents, however ctieasa design is not clear and the testing residts a
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performed on only 100 CDA documents. Our currentACRpository does not support the context
propagation mechanism and negation indicator in C&p&cification; we will further extend the
functionalities and evolve it to a more general Ci2fository.

Conclusion

This paper describes the design and implementatian regional health information system based on
the electronic health records. We mainly highlifljtthe simple document exchange protocol to enable
the local application vendors in China to adoptithernational interoperability standards such 8AC
and IHE XDS profile; (2) and the use of hybrid telaal-XML storage of CDA documents that
leverage both relational and XML optimization teicjues to improve the performance of flexible
clinical queries.
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