Slide 1

Rachae l Sokolowski
Natonal Commitiee

on Vitaland Healih Statstics
March 29, 1999

XML and Health Care

Rachael Sokolowski
r sokolowski @magnoliatech.com
r sokolowski@itr ust.net

Primary affiliation:
President, Magnolia Technologies
Consulting company specializing in SGML and XML for health care and health care publishing.

Secondary affiliation:
Vice President of Research, iTrust
Software development organization, SGML electronic health record and practice management system.

Standar ds Development Organizations
Co-chair, Hedlth Level 7, HL7 SGML/XML Special Interest Group
Co-chair, ASTM E31.25, “XML DTDs for Health Care”



Slide 2

= Health Care Infamation and XML
= XML Applcations in Healih Care

[

§ = XML Standard DevebpmentEfiorts

E = How XML Campares o Other
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Introduction
Recently there has been widespread and increased use of the World Wide Web by the

health care industry. The use of Web technologies has not removed the barriers to
accessing and exchanging health care information contained in a Patient’s Medical
Record (PMR). However, there are new opportunities for the representation and
exchange of clinical information emerging from the convergence of data processing,
communication, and publishing technology, in a new standard for the Web, eXtensible
Markup Language (XML).

In the past two years, a growing number of providers, vendors, and standards
organizations have begun investigating how XML, a simplified subset of SGML
(Standard Generalized Markup Language) designed for Web delivery, can solve
problems in health care information systems. XML is a platform, vendor, and application
independent technology for describing a document’ s content and structure.

There are a number of things that must be done for a successful implementation of XML
for Patient Medical record Information. This presentation outlines some of these needs.
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= Whatis healh care infomato?
= Healh care infamationin the Patient
MedicalRecord is often conveyed in paper
documents
= Documents
— give ader oinfam aton
— cany and preserve knowkdge
— have visualclies aboutinfamation

XML and Health Care

No industry stands to benefit more from electronic information than the health care
industry. Each year health care information technology becomes more complex and
heterogeneous reflecting the dynamic nature of the industry.

The information processing needs of individual health care providers pose increasing
challenges for technology solutions. The quality of information processing ultimately
effects the quality of patient care itself. Health care has an additional problem when
exchanging and processing information: the difficulty in reducing the physician or
caregiver’ s notes to regular, predictable, and discrete data points. That can be kept in a
PMR.

Human language, narrative, has been central to medical records. Most of the work on
computer-based patient medical records systems has assumed that free form narrative
must be replaced by data so that the crucia information contained in the record can be
processed by a computer. Until recently, “narrative” and “ machine-readable” were
mutually exclusive. Electronic documents offer the ability to represent information a
form that is human readable and can be processed by a computer.
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= The PatentMedical
Recod is a colkection
ofinfamation

« PMR cottains &xt &
atherdata

= Representaton is
documentcentric with
regulbrdocument
types

< The colkection has a
tme sequence

XML and Health Care

Electronic Health Record (EHR)

The Patient Medical Record is a collection of information. It istypically afolder of paper
documents, collected over time and placed in the folder. Other information outside the
folder is routinely used by health care professionals to keep notes, lists of allergies or
current medications or chronic problems.

The electronic is a computer-based Patient Medical Record may be generated by many
sources such as transcription, scanned from paper, created by and structured reporting
software systems. The electronic document may be rendered in many forms such as
printed to paper or a computer screen, stored a tables in a database or transformed into
other software representations such as messages or transactions.



Slide 5

= Large amounts ofinfamation and data in
ekctrancally inacessibke famats (paper

§ documents)

% = No standard processes for allection;

. variety ofsources

% = Heterogeneous healh care systems and
= standards

<

= Mulipk famats no standardizaton
= Mulip kE chnolagies: dbject aented
modek, word processar ks, databases

Information about patients is critical for delivery of high quality service, but this
information exists in representations that make access difficult or impossible. A single
point of care, such as a hospital or clinic, may draw patient information from laboratory
systems, scheduling and billing systems, imaging systems, and many sources of paper
records including records of care from other sites and organizations.

The clinical patient record has been entirely focused on being in aform that is human
readable and has ignored the requirements for machine processing. health care
information standards, such as HL7 (Health Level 7) and EDI X12 (Electronic Data
Interchange), have been amost entirely focused on machine interaction and have ignored
the paper-based record. The slow emergence of computer based patient records has led
to a classification of information gathered during clinical encounters. This classification
is needed as part of the patient record and as a resource for health research and statistics.
The classification and coding requirements of these two purposes differ, patient medical
records require as much specific detail as possible, where as health statistics require data
which are systematically aggregated into categories based on their frequency or their
importance for policy.

We need to reach a middle ground. Documents need to be in aform in which humans are
able to read and analyze and one in which machines are able to process. XML hasthe
potential to reach this middle ground.
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< Regubrand standardized types ofhealih
care documents
= Representaton ofinfamation thatan be
asked questions.
— “Whatsymptons were present?”
— “Whatwas the fhaldiagnosis”
— “Whatalkrges does this patenthave?”
= Accomodate difErentautputs. print web
pages, databases

XML and Health Care

There are some easily identifiable requirements for health care information. A set of the
types of electronic documentsin a PMR needs to be derived. Electronic documents need
a standard structural representation of the content so that questions of the information can
be asked, and answers easily found. For example:

Collection and Access: “What was the diagnosis?’

Quantification: “How many physical exams were performed?’

Narrative Text: Retain observer’s notation
The information must be published on various different outputs.
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= Infamation survival through changes in
technobgy

= Timel access oinfamation

= Abilty to loate reEkvantinfomation

= Viewinfamaton in difErentways and on
diferentmedia: in print as a web page,
Isten toan audio recording

XML and Health Care

Patient Medical Record information needsto be in aform that will exist for the lifetime
of apatient and in aform that is likely to survive changes in technology. Health care
professionals want to have access to relevant information quickly and when it is needed.
Lastly and most importantly, information needs to be correct and be from trusted sources.
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= Health care industry boking forsolitions;,
has stared touse the Web & HTML far
infamation

= Baniers to accessing infamation have not
been removed

= The Web use has aeated new chalkenges.

= EntereXtensibk Markup Language (XML),
-- a convergence ofdata proessing,
communication, & publshing technolayy as
a possib ke solution

The vast majority of data exchange in health care is till with proprietary technologies,
but there is arapidly emerging interest in using the Web, and web-based technologies for
this purpose. These web technologies are a typically combination of proprietary
programmatic interfaces to manipulate the content, structure and style of HTML
documents (which are also known as web pages).

XML and Health Care

HTML was created to describe and display pages of text on a computer screen connected
to the World Wide Web. HTML describes how to display the data but does not offer any
information about the content of the information so it is an insufficient representation for
data generated in clinical settings. Web technologies are a convenient and low cost data
capture and distribution mechanism for organizations that are geographically and
functionally diverse and are gaining wide use in the health care industry for these
reasons. Software components that translate information between HTML, databases and
EDI are widely used, but are one-off, proprietary solutions that do not enable widespread
information transfer.
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Infomation conveyed in 2 ways:
< visual dues fot, fortsize and bcaton (famatf
<« words, pictures and otherinformation (content)

FORMAT

nnnnnnn

XML and Health Care

It is not known if health care documents have common and identifiable structures but it is
generally accepted that some regularity exists. This assumption was based on analyzing
printed documents. Printed documents have information conveyed in two ways: the
content of the document and the format of the content. The content contains the words,
pictures and other information and the format provides visua clues font, font size and

location.

Items that are presented in a style different from the paragraph text of a document are
likely to have some semantic meaning.
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= eXtensibk Markup Language

= An adlivity ofthe Wald Wide Web
Consortum (W3C)

= Ofers new and improved Web applcations

= Changes publshing on the Web

« Subsetof SGML (Standard Generalzed
Markup Language) syntax

XML and Health Care

The past ten years have seen growing use of text processing markup languages outside of
health care that make possible the rigorous specification, processing, and analysis of
information in narrative form. These markup languages are based on Standard
Generalized Markup Language (SGML). SGML is a meta-language, that is, alanguage
that sets up rules for creating markup languages called applications. HyperText Markup
Language (HTML) is an application of SGML.

Recently, asimplified subset of SGML has been specified called eXtensible Markup
Language or XML.

In health care, SGML and XML present great promise for alowing exchange and
processing of clinical information without sacrificing the precision, nuance, and
complexity of human language. While the feasibility of SGML and XML for clinical
records is gaining widespread acceptance, this has not been tested in live, clinical
contexts supporting multi-faceted exchange of data, text, pictures, and other media.

Reference: Light, Richard, Presenting XML, Sams.net, Indianapolis, IN, 1997, p.343
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= XML communicates infamation in away
thatcan be understoad by humans

= XML conmunicates infamation in a way
that conputeran use the infamation

= XML fadltats the re-puposing of
infamaton in diferentfoms and in
diferentbnguages

= Albws farvendor neutralinterchange

XML and Health Care

Slide 12

[rovswermow "]

<?xmlversion="10" ?> *

nrsememonse | sanTag | Prolog

<MEDICATION.NAME MED="Amoxil'> Prescribed
medicaton: Amoxil

<MEDICATION.NAME>

<FORM TYPE="capsuke'>

rom: caue—————— [ CRREEUDAEN

<FORM>

<DOSAGE AMOUNT="25 mg'>

Dosage: 25 mg

</DOSAGE>

<RXINSTRUCTIONS FREQUENCY="daily"> daily

<RXINSTRUCTIONS>

PRESCRIPTION> EndTag

XML documents identify themselves as XML with the fist line of the document:
<?ml version="1.0" ?>

XML and Health Care

XML adds tags which provide further information about the content of the document. In
health care , important or meaningful data can be easily identified by XML markup or
tags such as <SUBJECTIVE> and <DIAGNOSIS>. Tags are a used to mark the structure
of an XML document and to provide context for information. Notice in the above
example it can be determined that the family name given here is for a patient and not a
provider.

The tags are not “seen” in the published version of the electronic document. In the
example above the following could appear in the document:

Prescribed medication: Amoxil Form: capsule Dosage: 25 mg. daily
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= EEments ortags which give a conextto
infamation.

= A IstafFeEments which appearin a
document

= A spedfcation ofthe aderand firequency
of ekEments in the document

= A verifcation thatthe doaumentis XML
(parsers orvaldators)

= A facilty farspedfying famatting (XSL)

XML provides a mechanism for electronically encoding documents and types of
documents. XML documents contain alist of elements or tags which appear in a
document, a specification of the order and frequency of elementsin the document, a
verification that the document is XML and facility for specifying formatting through style

sheets.

XML and Health Care
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< XML willbe the future Web standard
instead oFHTML

< XML willbe used farintemational
infamation exchange

« XML may rephce allexistng word
proessing and desktp publshing famats

= XML doauments created todhy willbe
readabk by caonputerapplcatons 10
years fiom now

XML and Health Care

XML has the facility to present multiple charactersin all foreign languages. XML will be
used for international language exchange because it can handle different character sets
such as Japanese and Korean. Microsoft is planning to include XML support in April,
1999. Previous DTP that support SGML currently support XML. SGML became a
standard in 1986. SGML documents created 13 years ago can still be processed by any
SGML-aware application today.
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= EEments (Tags)

= Attributes (Modfers)

= DTDs (Types ofpossibkE doauments)
= Styksheets (How toapply famating)

XML and Health Care
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« EEments
—are delmited with start “tags’ and end “tags”’

[0

S — have unique names

% — provide context

2 — do notappearin publshed versions ofthe

ge infomation (paper orweb page)

©

31 Start tag Content End tag

< | <MEDNAME > Tylenol </MEDNAME>
One element

Elements are aso known as “tags’ and make up the mark-up of the information.
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= Atlributes
— are immediately spedfed aferthe ekmentthey are
associated withand provide furtherinfomation

— are used 1o representinformaton used by computers
— in PMR doauments attributes could be coded valies such
as ICD-9or CPT codes

Start tag Attribute Content End tag
<MEDNAME Generic = “ Acetaminophen” >Tylenol </MEDNAME>

XML and Health Care

One element with one attribute

Attributes are further information about the content of the tag and are only readable by
the computer.

Slide 18

= DocumentType Defniton
= Desaibes the structure ofthe documentby
defning:
—the names ofallbnwabk eEments
— the contentofeach eEmenttype

— tre structure ofthe docum entinduding
« the orderin which e Ements mustappear
« how ofen eEments can appear

— the properties ofthe eEments (atibutes)

XML and Health Care

The definition of the type of document isthe DTD. The names of the tags and the rules
for using them are contained in the DTD or Document Type Definition. XML documents
may or may not have an associated DTD.

DTDs describe the document. A DTD is authored and can reflect as much or little asis
desired. DTDs can describe any type of clinical document found in the Patient Medical
Record such as a mammaography report, encounter registration, a discharge summary.
DTDs can describe other types of documents such as forms (HCFA 1500 form, CDC
typhoid fever surveillance report, birth certificate) or other documents such as guidelines

and protocols.
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<IELEMENT REPORT
(REPORTDATE,
PATIENTINFO,
PRESCRIPTION,
PHY SICIANINFO,
SIGNATURE) >
<IELEMENT REPORTDATE
(#PCDATA)
<IELEMENT PATIENTINFO
(PATIENTNAME |
ADDRESS |
BIRTHDATE |
PATIENTSEX)*

The DTD describes the structure of the document and defines the names of tags it
contains. Additionally the DTD declares the order in which the tags occur and how often
the tags can appear. A DTD for a prescription might contain structural elements for the
medi cation prescribed, the dosage, the form, the quantity, etc. DTDs can describe
documentsin aclinical setting, such as a prescription. A prescription has a regular
structure as represented in the DTD example: adate is followed by information about the
patient, which followed by the actual prescription information, which is then followed by
some information about the physician and a signature.

XML and Health Care
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= eXtensibk StykESheetLanguage

= A standard sty Esheet bnguage for
structured infamation

= Mathes styks totags
— diagnosis tag sty k is Times Ranan BoH 12pt
—symptan tag styk is Arial 11pt indented 1 tab

stop
— documenttitks are centered, Times Roman 24
pt Bod

XML and Health Care

XSL isan acronym for eXtensible StyleSheet Language. It matches styles to tagsin XML
documents. For instance, the diagnosis tag style is Times Roman Bold 12pt, the symptom
tag styleis Aria 11pt, indented 1 tab stop and document titles are centered, Times
Roman 24 pt, Bold.
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<?xmlverson=10"7> e Ei
B [ Fre [ Cormreide el
<patent T =
o | <patentic>123456789< patientid> | | . ¥ H& FE. 2
@ t e, T
© | <patentname>Jane e b o,
O | Doe<fpatentname> L ks L o] ] € et
£ | <patentdate.ofbirt>May 13, e e i R
T | 192 patentdate.ofbirt> ] .
T | <patentaddiess>123 Main St, Patient Information
'CC’ Anytoan, USA
© (home)<patentaddress> o
3‘ <patentphone>555 345 9876 WEHFH56E
< (home)<patentphone> TR My 17, 1925
< fatent A 125 Mim 3, Ao, TR (o)

Fhone 555-H5 976 (hoe)

g Don 5 e 30 2| ]

An XML document with a stylesheet for a web page, will generate an HTML document
for web browsers.

Internet Explorer 5.0 which was released about two weeks ago on March 18, 1999 has
support for XML documents with XSL stylesheets.
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<HTML><HEAD><TITLE> - g
. . Be [ Yew G [oemarainn Hee
EncounterRegistraton ] = o
o | </TLE> <#EAD> i 4« 3 3B 2
T | <BODY bgcobr="#FFFFFF"> b e
g <HI>Patentinfomaton <AH1> ! ‘E Dieeak ,I'_Lmhtl_;i'ﬂ"ﬁﬂﬂﬂd
= | <P>Jane Doe <BR> | Ao 9 wend 8 R 5 ke fa
© | MRN123456789 <BR> + .
T | boBMay 13, 1023 <BR> Patient Information
S | Address:123 Main St, Anytonn -
o USA (hame) <BR> Jane Tice
= | Phones55 345 9876 (home) MELT| :"MSFE_?
< | </BODY>< ATML> e e
Aodress 123 M 31, Aaytowen, T34 (o)
Thane §55- 1450074 home)

I ARV AN

What is the relationship between HTML and XML? HTML is HyperText Markup
Language. HTML is a mark-up language for describing web pages and contains tags that
describe the format of information. HTML is SGML with a specific DTD. The HTML
DTD has tags that are relevant to publishing information to a computer screen. These
include headings <H1>, paragraph text <P> and atags for linking.



Slide 23

XML and Health Care

This difficulty in finding the context of information becomes especially apparent when
surfing the web for information. Since HTML has a limited set of tags, it is difficult to
locate specific information in the correct context. | performed the following search
looking for “prescription” and “refill”. As can be seen by the search results, my ability to
find information about prescription and refills is not necessarily easy. In fact, | was
presented with information about the South Carolina General Assembly which has
nothing to do with the Patient Medical Record Information | had in mind.
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= Does notoflera rich tag set

= No mecdhanism tostructure documents in a
clnicalmanner

= UnstabE as a standard

= Delvery famatnota coledion technology

= Loose documenttype

XML and Health Care

HTML is not atechnology that meets the needs of information within the Patient Medical
Record. The HTML standard or the HTML DTD is not a stable standard. HTML is
currently up to HTML version 4.0 and many browser developers add non-standard
extensions to HTML to compensate for some of its limitations.
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= Provide conextfornanatve xt

= Provide documentinfamaton mocel

= Agreement on high Evelstructures

= Fadlty forstandardizing famats with
stykEsheets

XML and Health Care

XML DTDs are important for Patient Medical record Information because they will

provide context for narrative text, provide a document information model, allow for
agreement on high level structures, and they will provide afacility for standardizing
formats with stylesheets.
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= A setofFdocumenttypes farhealh care
does notexist

= |[tnotknown ifhealh care documents have
aommonand identtfabk structures butitis
generally accepted thatsome reguhbrity
exists

= There is notane standard fa-desaibing
the tags found in XML healh care
documents

XML and Health Care

A standard set of DTDs for the Patient Medical record does not exist.
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- HL7
o | =ASTM
S| ecen
S | = XML-EDI(X12)
~ | = CORBAmed
&
—
=
<

XML efforts have focused on:
XML’srelationship to object models: (HL7 V3, ASTM, CORBAmMed, CEN),

using XML as a syntax for health care messages and transaction: HL7 X12)
document exchange (HL7 Patient Record Architecture PRA)

financial transactions (XML-EDI, X12) and recently

document types and formats (ASTM).
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- Efforts are undemvay for aeatng standard styes &
famats fortranscribed healh care documents
(ASTM E3122)

= Efforts are undemvay for aeating standard
documenttypes fordocuments (ASTM E31.25)

= Efforts are undemvay forexchanging transaibed
documents (HL7 PRA)

= Efforts are underwvay fortransomming message
Syntax O XML (HL7, X12)

= Efforts are underway in various propds within the
Govemment

The efforts may be summarized as:

XML and Health Care

Frameworks for information exchange which includes HL7 and XML-EDI. Messages,
transactions, and architectures to request and send healthcare information.

Services for healthcare information: CORBAmMed, CEN and HL7. Interfaces to find,
request, send, filter, and query healthcare information.

Research: CEN. Uses of XML in healthcare and best representations.

Paper-based Forms and Documents: regulatory forms for reporting healthcare
information (HCFA, CDC) and documentation produced from the transcription process.
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XML and Health Care

= Standardization of dnicaldocumenttypes
in XML DTDs and in Tuture versions of
DTDs as spedfed by the W3C

= Accekration ofthe Tuture DTD syntax
spedfcation proxess

< Standardization in XML ofGovemment
fams (HCFA 1500, CDC Surveilbnce
fams)

= Common setof XML tags and attributes for
clnicalinfamaton

= DevelbppmentofFXML sty Esheets

Efforts to create DTDs and sytlesheets for the documents in the Patient Medical Record
are newly formed activities of ASTM and not much progress has been made in their short
lifetimes. The new DTD syntax specified by the W3C will greatly impact the future of
structuring XML document and the rules about constructing documents. Additionally,
DTDs for common forms from the government should be available. There is a need for
standardization among tag names. Different standards may create their own tag names
and HL 7 tag names might differ from ASTM. At the very least, afacility needs to be
provided for mapping XML tags to different coding systems and to other tag names that

mean the same thing.
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XML and Health Care

- Resoures toaccekrake the ASTM E31.25 Efiort

= Resourtes toacce Erat the Tuture DTD syntax
speafcation process

- Creation of DTDs farstandard GovermmentFoms
(HCFA 1500, CDC Surveillnce etc)

- An organization thatfad ltates conmunicaton
among the various XML effarts (HL7, ASTM, XML-
EDI) fora conmon PMR XML knowkdge source

- An oversightaganizaton thatis a repositry and
infomation providerfor DTDs, tag names and
styksheets, code mappings

= A Ecily farverfing thatPMRI documents
corfam tothe standard




