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Onsoz

Bu proje kablosuz tibbi sensor verisi ve hastane bilgi sistemleriyle kolay entegrasyonu
saglayarak Akilli Saglik izleme ve Karar Destek Sistemi gelistirmeyi amaclamaktadir. Projede
devamli hasta gozetimi, ajan teknolojisindeki “ajan davranigi” nin akillt bir klinik karar destek
sistemiyle desteklenmesiyle saglanmistir. Bu karar destek sistemi bilgisayarlastinimis klinik
yonergelere dayali olup birlikte islerlik problemini asmak amaciyla anlamsal olarak
zenginlestirimis web servisleri kullanilarak ulasiimaktadir. Ek olarak, klinik ydnergenin isleyisini

g6steren kullanici dostu bir arayiiz de gelistirilmistir.

Bu proje, Tibitak Elektrik, Elektronik ve Enformatik Arastrma Grubu tarafindan
desteklenmektedir.
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OZET

Avrupadaki yash nufus artttkca her diuzeyden saglik personelinin yUk{ de daha ¢ok artiyor. Son
otuz yildir Avrupa Birligi Ulkelerinde uygulanan. saglik -hizmetleri sayesinde bu Ulkelerde 6lim oranlan
buytk miktarda dusmustur. Olim oranlarindaki dususte saglanan bu basari, beraberinde saglanan saglk
hizmetlerine olan beklentileri ve talepleri de arfirmistir. Bu etkenlerin yaninda bilgi sistemleri, mobil ulagim
araclar,” kablosuz saghk  algilayicilarl, ag ve. internet teknolojileri, saglik personellering hizmetlerinin
uzaktan verilebilmesi icin buyuk olanaklar saglar. Uzaktan saglanabilecek bu saglik hizmetleri sayesinde,
saglik personelinin yuki hafifletiimis ve bu hizmetlerin kalitesi daha da artiriimis olacaktir.

Bu proje cercevesinde akilli saghik takip ve karar destek sistemleri gelistirerek, kablosuz medikal
algilayicilardan elde . edile  bilginin. guinUmizde -kullanilan..saglik . bilgi sistemlerine. entegrasyonunu
saglamak - amagcianmistir. Hasta  takibi, kullanilacak olan  ‘akilli.-ajan’ teknolojisi ve bu ajanlann
davrarnislanini belirlemede kullanilacak klinik uygulama kilavuzianina dayali olarak calisacak akill karar
destek mekanizmalarr sayesinde saglanacaklir. Yapilacak olan sistemde dedisik saglik bilgi sistemierinde
depolanmis hastalara ait gerekli bilgilere, birlikte islerligi. ve bilgi. uyumunu saglayabilmek icin anlamsal
olarak zenginlestirelecek web servis teknelgjileriyle ulasilacaktir.. Bu sayede medikal algilayiciiardan eide
edilen bilgiler ve gozlemler ile birlikte hastanin gecmis saghk bilgileri de mantiksal isleme stirecinde
kullarmilabilecektir,

Anahtar Sézctkler
Akl “hasta ‘takibi, Karar destek sistemi, kablosuz medikal -algilayicilar, - birlikte- ¢alisablirlik
platformu; klinik uygulama kilavuzian
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ABSTRACT

The medical practitioners at all levels are becoming more overloaded as the aging population of
Europe increases. The health services of the EU can claim considerable credit for the decline in mortality
over the last thirty years. However this success, particularly the fall in mortality rates among older people,
has increased the demand for healthcare. Furthermore, there are discrepancies in health status between
the old and new member states due to health system failures in the latter. On the other hand Information
technology, combined with recent advances in networking, mobile communications and wireless medical
sensor technologies offers a great potential to support healthcare professionals and to deliver health care
services at a distance hence providing the opportunities to improve healthcare.

This project aims to develop an intelligent healthcare monitoring and decision support system on a
platform integrating the wireless medical sensor data with hospital information systems. In this project, the
patient monitoring will be achieved by using agent technology where the "agent behavior” will be
supported by intelligent decision support systems based on clinical practice guidelines. In our system,
patient history stored in medical information systems will be accessed through semantically enriched Web
services to tackle the interoperability problem. In this way, not only the observations received from
wireless medical sensors but also the patient medical history will be used in the reasoning process.

Keywords
intelligent healthcare monitoring, decision support systems, wireless medical sensors,
interoperability platform, clinical practice guidelines




2. Giris

Saglik hizmetlerine duyulan talebin artmasiyla beraber tip uygulamalar giderek
karmasiklasmistir. Saghk 6rgitii hem tip uygulamalarinda artan bu karmasikhiga care olmasi
hemde saglik hizmetlerini daha da gelistirmek icin klinik uygulama kilavuziari gelistirmektedir.
Buna ornek olarak, National Guideline Clearinghouse™ belirtilere dayanan klinik uygulama
kilavuzlari ve ilgili diger dokiimanlari igeren bir veri tabani olusturmus ve bu veri tabanimi
kullanima acmustir.  Saglik uzmanlan, yayginlasmis saglhk standartlanina  ve uygulama
kilavuzlarina ragmen, bu kilavuzlar anlamada ve kullanmada zorluk gekiyorlar. Bu problem
beraberinde klinik kilavuzlarinda belirtilen method ve bilgileri otomatiklestirmek icin bilgisayara
bagl karar destek sistemlerinin gereksinmini artinyor. Bu sistemlerin uygulanmasinda da baz
zorluklar meveuttur, bunlardan bir tanesi de hastaya ait bilgilerin cok farkli bilgi kaynaklarinda ve
farkli formatlarda olma olasiligidir.

Bu projede klinik karar destek mekanizmasi sistemde ajanlarin davranislarini saflayacak
bir mekanizma olarak kullanilacaktir. Bu sistem, hastalarin saglik bilgi sistemlerinde depolanmis
medikal  bilgilerine anlamsal olarak zenginlestirelecek web servisler araciigiyla ulasacak ve
boylece birlikte calisilabirlik problemleri agiimis olacaktir. Bu yolla bilgilerin mantiksal islenme
strecinde sadece algilayicilardan elde edilecek hastanin o andaki fizyolojik belirtileri degil,
hastanin gegmis medikal bilgileri de kullanilacaktir. Bu bilginin gereksinimindeki temel neden ise
klinik uygulama kilavuzlarinda bir sonraki klinik yolun segilmesinde fizyolojik belirtiler ve hasta
tedavi planiyla birlikte hastalarin gegmis medikal bilgilerininede (6rnek olarak teshis, tedavi
listesi, alerji/ilag etkilesimleri) ihtiyag duyulmasidir. Medikal algilayicilardan gelecek bilgiler ya
6zel bir formata sahip olacaktir (6rnegin, elektro kardiyogram verisi icin, Philips’ XML ECG veri
formati) yada belli bir standarda uygun sekilde olusturulacaktir (yine elektro kardiyogram verisi
icin, mevcut standartlar: SCP-ECP, US Food and Drug Administration FDA/HL7 Annotated ECG,
I-Med ve ecgML). Fakat her iki durumda birlikte ¢alisabilirlik problemine bir ¢oziim getirmez.
Bunun nedeni kullanilabilecek birden ¢ok standardin mevcut olmasidir, Bu problem
algilayicilardan elde edilecek verinin elektronik hasta kaydi ile entegrasyonunda, saglik bilgi
sistemlerinin de ¢ok farkli standartlara (HL7v2.x, HL7v3 CDA, CEN ENV 13606 EHRExtract,
openEHR Archetypes) uymalarindan dolay! daha da karmasiklasir. Bu problemlere ek olarak
farkli medikal “algilayicilardan gelebilecek verilerin birlestirilmesinde ~ dogabilecek  birlikte
caligablirlik problemlerine de ¢6ziim getirmek gerekir.

Butun bu birlikte calisabilirlik problemleri, hem algilayicilardan elde edilen verilere ve hem
de saglik bilgi sistemlerinde sakli verilere, islevsellikleri ve kullandiklari mesaj yapilari ontolojiler
yardimi ile belirtilmis web servisler yardimiyla ulagilarak ¢ézilecektir. Béylece bilgi aligverisi
sirasinda olusan iglevsellik ve anlamsal farkliliklar belirtilen web servisleri ve ontolojileri ile
¢ozlimleneceklerdir. Ontolojiler Ve bunlarin arasinda tanimlanacak ontoloji eslesmeleri yardimi
ile farkli medikal platformlar arasinda anlamsal bitinlik saglanacaktir. Boyle bir ‘birlikte islerlik’
platformunun olusturulmasi bize daha sonra saglik takip siirecinde karar destek sisteminin
olusturuimasina imkan saglayacaktir. Btiin bunlarla birlikte sistem her hastaya tahsis edilmis
ajanlar yardimiyla hastalar stirekli olarak izleyebilecek ve saghk uzmanlarinina karar destek
mekanizmasi sunarak yardim edecektir.

Boyle bir bilgi altyapisini kurmak beraberinde hasta bilgilerinin giivenlik ve gizlilik icinde
saklanmasi ve tasinmasini gerektiriyor. Hastann kimligi ve medikal kayitian gelisi guzel bir
sekilde saklanamayacagi gibi ¢ogu saglk sitemi saglayicisinin da bu bilgilere ulasma haklari
farkli olacaktir. Projede tiim bunlara ¢éziim getirecek kapsamh giivenlik ve gizlilik mekanizmalari
6neriliyor. Bu mekanizmalari saglarken kisisel bilgilerin nasil islenecegini anlatan d 95/46/EC ve
2002/58/EC ve tibbi verilerin saklanmasinda énerilen R(97)5 énerileri goz 6niine alinacaktir.
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4. Gere¢ve Yontem

TUBITAK
ARASTIRMA PROJESI
SONUC RAPORU
(Bilimsel Rapor)

PROJE NO : 105E133
RAPORNO 4
RAPOR DONEMI : 01/03/2008 - 01/09/2008

PROJE YURUTUCUSU : Asuman Dogac

BILIMSEL RAPORDA OLMASI GEREKEN BiLGILER

Dénem icinde projeyle ilgili bilimsel ve teknik gelismeler proje plani ile
karsilastinlarak verilmeli, elde edilen veriler ile varlan ara sonuclar, varsa
materyal, yéntem ve kapsam degisikleri belirtiimeli ve tartisiimalidir.

Dénem igindeki idari gelismeler (yardimei arastirici ve personel degisikligi, ek
stire, yurituctnlin kurum degisikligi ve varsa diger destekleyen kuruluslarla
sUrdardlen igbirligi, vb. konularindaki bilgiler) verilmelidir.

Proje calismalari kabul edilen ¢alisma takvimine uygun yiirimuyorsa gerekeeleri
aciklanmahdir.

Bir sonraki dénem iginde yapilmasi planlanan calismalar (6neri formundan farkl
bir durum olusmus ise) belirtiimelidir.

Destekleyen diger kuruluslarla ilgili sorunlar var ise ayrintilari ve ¢éziim énerileri
sunulmalidir.

Dénem icinde proje kapsaminda yapilan yayimlarin ve toplantilarda sunulan
bildirilerin birer kopyasi eklenmeli ve yapilan yayimlarda TUBITAK destegi
belirtilmis olmalidir.
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BILIMSEL GELISME RAPORU EK SAYFASI
(Proje No: 105E133) '
1. Dénem Icinde Projeyle ligili Bilimsel ve Teknik Geiigﬁeier :

Projenin amac ve hedefleri su sekilde o6zetlenebilir. Avrupa llkelerindeki demografik yapi
incelendiginde, yash kabul edilebilecek 50 yas dstu vatandaslann nifusun cogunlugu
olugturdugu ve gin gectikce nufus paydasindaki yilizdelerinin artigi gozlenmektedir. Bu
demografik yapi, her dizeyden saglk giderlerini ve saglik personelinin yukini bir hayli
artiirmaktadir. Son otuz yildir Avrupa Birligi ilkelerinde uygulanan saglik hizmetleri sayesinde bu
Ulkelerde 6liim oranlan blyik olglide dusuriimustur. Olim oranlarindaki diisiiste saglanan bu
basan, beraberinde saglanan saghk hizmetlerine olan beklentileri ve talepleri de arttirmistir. Bu
etkenlerin yaninda bilgi sistemleri, mobil ulasim araclan, kablosuz saglik algilayicilar, ag ve
internet teknolojileri, saglik personellerine hizmetlerinin uzaktan verilebilmesi icin biiyiik firsatlar
yaratmigtir. Uzaktan saglanabilecek bu saglik hizmetleri sayesinde, saglik personelinin yiki
hafifletilebilir ve bu hizmetlerin kalitesi daha da arttirlabilir.

Bu proje cercevesinde akili saghk takip ve karar destek sistemleri gelistirerek,
kablosuz medikal algilayicilardan elde edilen bilginin giinimizde kullanilan saghk bilgi
sistemlerine bltunlestiriimesini saglamak amaclanmistir. Hasta takibinin, kullanilacak olan ‘akilli
ajan’ teknolojisi ve bu ajanlarin davranislarini belirlemede kullanilacak klinik uygulama
kilavuzlarina dayall olarak calisacak akilli karar destek mekanizmalan aracihg ile
gerceklestirimesi planlanmistir. Yapilacak olan sistemde degisik saglik bilgi sistemlerinde
depolanmis hastalara ait gerekli bilgilere, birlikte islerligi ve bilgi uyumunu saglayabilmek icin
anlamsal olarak zenginlestirelecek web servis teknolojileri kullanilarak ulasilacaktir. Bu sayede
medikal algilayicilardan elde edilen bilgiler ve gézlemler ile birlikte hastanin gegmis saglik
bilgileri de mantiksal isleme stirecinde kullanilabilecektir.

Saghk hizmetlerine duyulan talebin artmasiyla beraber tip uygulamalan giderek
karmagiklagmistir. Saglik orgiitieri hem tip uygulamalarinda artan bu karmasikliga ¢are olmasi
hem de saghk hizmetlerini daha da gelistiriimesi amaciyla klinik uygulama kilavuziar
gelistirmektedir. Buna 6rnek olarak, National Guideline Clearinghouse™ belirtilere dayanan klinik
uygulama kilavuzlan ve ilgili diger dokiimanlan iceren bir veri tabani olusturmus ve bu veri
tabanini kullanima acmigtir. Saghk uzmanlarn, yayginlasmis saghk standartiarina ve uygulama
kilavuzlarina ragmen, bu kilavuzian anlamada ve kullanmada zorluklar yasamaktadir. Diger
yandan, klinik uygulama kilavuzlarinda belitilen metot ve bilgileri otomatiklestirmek icin
bilgisayara bagh karar destek sistemlerine ihtiyag duyulmaktadir. Bu sistemlerin uygulanmasinda
da bazi zorluklar mevcuttur, bunlardan bir tanesi de hastaya ait bilgilerin cok farkli bilgi
kaynaklarindan farkli formatlarda elde edilmesidir,

Bu projede yer alan klinik karar destek mekanizmasi, ajan davraniglannin sistem
icerisinde belirlemek amaciyla kullanilacaktir. Sistem, hastalarin saglk bilgi sistemlerinde
depolanmis medikal bilgilerine, anlamsal olarak zenginlestirilecek web servisler araciligiyla
ulagmakta ve birlikte islerlik problemleri bu yolla asidmaktadir. Bu yolla bilgilerin mantiksal
islenme slirecinde sadece algilayicilardan elde edilen hastanin o andaki fizyolojik belirtileri degil,
hastanin gecmis medikal bilgileri de kullanilmaktadir. Bu bilginin gereksinimindeki temel neden
ise klinik uygulama kilavuzlarinda bir sonraki klinik yolun segilmesinde fizyolojik belirtiler ve
hasta tedavi planiyla birlikte hastalarin gecmis medikal bilgilerine de (6rnek olarak teshis, tedavi
listesi, alerji/ilag etkilesimieri) ihtiyag duyulmasidir. Medikal algilayicilardan gelen bilgiler ya 6zel |
bir formata sahiptir (6rnegin, elektrokardiyogram verisi icin, Philips’ XML ECG veri format)) yada
belirli bir standarda uygun sekilde olusturulmaktadir (vine elektrokardiyogram verisi icin, mevcut
standartlar. SCP-ECP, US Food and Drug Administration FDA/HL7 Annotated ECG, |-Med ve
ecgML). Fakat her iki durum da birlikte calisabilirlik problemine bir c6ziim getirmez. Bunun
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uymalarindan dolayi daha da karmasiklasir. By problemlere ek olarak farkli medikal
algilayicilardan gelebilecek verilerin birlestiriimesinde dogabilecek  birlikte ¢ahsabilirlik
problemierine de ¢6zim getirmek gerekir.

Batiin bu birlikte calisabilirlik problemleri, hem algilayicilardan elde edilen verilere hem
de saglik bilgi sistemlerinde sakl verilere, islevsellikleri ve kullandikiar mesaj yapilar ontolojiler

medikal platformiar arasinda anlamsal bitunliik saglanmaktadir. Béyle bir ‘birlikte islerlik’
platformunun olusturulmasi bize daha sonra saglik takip sirecinde karar destek sisteminin
olusturulmasina olanak tammaktadir. Bitiin bunlarla birlikte sistem her hastaya tahsis edilmis
etmenler yardimiyla hastalar strekli olarak izleyebilmekte ve saghk uzmanlarina karar destek
mekanizmasi sunarak yardim etmektedir.

Boyle bir bilgi altyapisini kurmak beraberinde hasta bilgilerinin giivenlik ve gizlilik icinde
saklanmasi ve taginmasin) gerektirmektedir. Hastanin kimligi ve medikal kayitlar geligi glzel bir

( Akilli Karar Destek Sistemi ‘\

( Ajan Sistemi

~Sensorlerden veri alim;
—Verilerin birestirilmesi
~—Verilerin
deferlendiriimesi
—Hastamn medikal
gegmisine ulagimasi

'iSk;ag!;k -
Uzmanlanna,
Hastave

 Yakinlarna
. Uyanve
e

~ Sistemi

. WAﬂth}:Sﬁﬂﬁ@t{h"m@; ;
Kink Uygulama

—
@venlik Mekanizmasuj Eizlilik Mekanizmas 7

Giivenlik Altyapisi

Sekil 1 Sistern genel yapisi
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Calisma Takviminde belirtilen ve dérdiinci gelisme dénemini kapsayan siire zarfinda, Tablo 1'de

verilen gérevler {izerinde calisilmigir.

Asamalar

Baglica Aynintili Bilgi Zamanlama

Uyar Sistemi |Bu sistem PDA, mobil telefonlar ve diger
iletisim cihazlanini  kullanarak gerekli- kigilere
hastanin aktivitelerini ve kritik durumlan haber

verecektir. Sistem, kullanici yonetme - alt 18-20
componenti ile kimin uyariimasi gerektigini,
kullamiacak alete gére veri sunum formatinin
degigtiriimesini, uyarinin gonderilme garantisini,
Tiim sistemin|Gelistirilen m yazilim pargalarinin
entegrasyonu |entegrasyonu gergeklestirilecek. 20-24

Tablo 1

Yukaridaki ¢alisma plana gore elde edilen bilimsel ve teknik geligmeler detayh olarak ilgili

kisimlarda agiklanmistir,

1. Uyari Sistemi

Proje kapsaminda gelistiriimesi tasarlanan Uyar Sistemi, hastalarla iigili dikkat gereken
uyarilarin ya da acil durumlarin, saglik personeline otomatik olarak  bildiriimesini sa@layan alarm
mekanizmalarini icermektedir. Proje kapsaminda gelistirilen uyari sistemi, coklu etmen platformu
ve kural tabanli karar mekanizmalar tizerine kuruludur. Asagidaki boliimde; proje kapsaminda

gelistirilecek olan uyar sisteminin gereksinimleri verilmektedir.

Uyari Sistemi Gereksinimleri

Uyari Sistemi; proje kapsaminda gelistirilen Akilli Kiinik Karar Destek Sistemi'nin bir uzantis
durumundadir. Sistemin genel amaci; 6zel dikkat ve yardim gerekebilecek durumlarda; ilgili
insanlan uyaracak eylemleri gergeklestirebilmektir. Bu dogrultuda, uyar sistemini olusturan

yazilim bilesenleri sunlardir:
* Web tabanh kullanic arayiizii
o lletisim Katmani
o Alarm Yéneticisi
+  Veri Modeli

Uyari  sisteminin  kontroli, gelistirilen  web  tabanli  kullanici araylizli  sayesinde
gerceklestirilecektir. Bu arayiiz ile, sistemdeki kullanicilarin yénetimi saglanacak ilgili saghk
personelinin hastalara atanmasi yine bu arayiiz (izerinden olacaktir; kullanicilar kisisel bilgilerini,
iletisim _bilgilerini  ve uyari mesajlari ile ilgili tercihlerini bu arayliz yoluyla sisteme

kaydedeceklerdir.
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Uyasi sisteminin farkli iletisim kanallarini destekleyerek; kullanicilara alarm mesajlarinin alimi
icin birden ¢ok secenek sunmasi; temel bir gereksinimdir. iletilecek olan uyari mesajinin ciddiyet
ve aciliyetine gore; mesajlarin iletisim kanali degistirililebilmelidir. Ornegin, mobil telefonlarin hizl
bir iletigsim gereci oldugu géz 6niine alinarak; acil mesajlarin SMS yoluyla iletilirken; aciliyeti daha
az olan uyarilarin e-posta yoluyla génderilmesi tercih edilebilir bir segenektir. Buna ek olarak,
kullanici tercihleri dikkate alinarak anlik mesajlasma (Instant Messaging) yéntemleri de makul
secenekler olarak 6ne c¢ikmaktadir. Gelistirilen uyan sisteminin bu (¢ secene§i kapsamasi
6ngorilmistir.

Sistemin bir diger gereksinimi de génderilen uyari mesajlarinin gizlilik gereksinimin
karsdanmasidir. Hasta ile sadlik bilgilerinin hassasiyetinin yiksek olmasi; uyarn sistemdeki
guvenlik ve gizlilik gereksinimini ortaya ¢ikarmaktadir. Sistemde yer almasi planlanan SMS ve
anlik mesajlagma protokolleri, kendi i¢lerinde bazi giivenlik tedbirleri barindirsalar da; k6t niyetli
kullanima daha agik olan e-posta’lann, glvenli bir sekilde iletiminin saglanmasi ele alinmasi
gereken 6nemli bir konudur.

Uyar mesajlaninin, aliciya vaktinde ve kisa bir zaman diliminde ulastinimasi da sistemde
vazgecilemeyecek bir diger gereksinimdir; yukanda da deginildigi gibi sistemde kullaniciya
birden ¢ok mesaj kanal dnerilmekte olup, génderilen mesajlarin kullaniciya ulasip ulasmadiginin
kontroli ve gereken durumlarda, alarm mesajinin tekrar gonderilmesi veya baska bir saglik
personeli ya da ilgili kisiye yonlendirilebiliyor olmasi dikkate alinmasi gereken gereksinimlerdir.

Butlin bunlara ek olarak; sistemin birden fazla uyar mesajini ayni anda iletebiliyor olmasi ve
olusan uyarilarin arsivienmesi sistemin dijer gereksinimieridir.

Uyari Sistemi Bilesenleri

Uyari sistemi bilesenleri; yukarida belirtilen gereksinimlerin isi§inda analiz edildi ve tasarland.
Sistemde asagidaki aktorlerin yer almasi planlanmaktadir.

s Sistem Yéneticisi: Sistemdeki yetkili kullanicidir. Bu tipte kullanicilar;  web tabanh
arayuz aracthgiyla sistemdeki diger kullanicilanin yénetimini gergeklestirirler. Buna ek
olarak; hastalara ilgili saglhk personeli atamasini da ‘Sistem Yéneticisi’ olan kullanicilar
yapar.

« Kullanicilar: Doktor ve hemsirelerden olusan, sistemin kullanicisi durumunda olan
saghk personelidir. Sistem yéneticisi tarafindan sisteme eklenir ve hastalara atanirlar.
Kullancilar, web araylizii araciligiyla; uyari mesajlarini almadaki tercihlerini(iletisim yolu,
tekrar sayisi, mesaj alindi onayi, yénlendirme vs.) belirleyebilir; iletisim bilgilerini
degistirebilir ayrica sistem kayitlarindan 6nceki uyari mesajlarini gérintileyebilirler.

s Alarm Dagitim Etmeni: Akilh Klinik Karar Destek Sistemi ¢alistirilirken otomatik olarak
yaratilan ve sistem calistigi slirece, aktif olan bir bilegendir. Sistemdeki diger etmenler
gibi JADE platformuna baglh olarak islev gérmektedir. Alarm Dagitim Etmeni'nin gérevi;
kilavuziar galisirken kilavuz etmenlerinden gelen alarm mesajlarini kabul ederek;
mesajlan ilgili hastaya atanmis olan saglk personeline ulastirmaktir. Mesajlar
ulastirilirken; alicinin mesaj aliminda daha 6nceden belirtmis oldugu tercihler g6z éniine
alinarak, kural tabanl bir islemle; mesajin hangi yolla iletilecegine karar verilir; mesajlar
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alicisina ulagsmadigr durumda, gerekiyorsa baska bir saglk kullanicisina yénendirilir.
Alarm Dagitim Etmeni ayni zamanda mesajlarin daha sonra web arayuzinden
goérantilenmek (izere veri tabanina kaydedilmesinden de sorumiudur.

* Alarm Tetikleme Bileseni: Kilavuzlardaki mesaj adimlarindan gelmeyip; sistemdeki
sensor verilerinin belirtilen esik degerini asmasi sonucunda olugan alarm mesajlarin
kullaniciya ulastirmakla yukimli olan bilesendir. Sensor verileri etmen sistemi yoluyla
gelmediginden bu bilesen bir etmen olarak tasarlanmamistir.

Veri Modeli, Uyar Sistemi'ndeki verilerin tutulmasin saglayan anlamsal meta-data katmanidir.
Sistemdeki genel anlamsalligi ve bilgileri yénetmekle yikimlidir. Bu sistemin gergeklestirimi,
veri tabanlari, kurallar ve kural tabanl motorlar (Rule Engine) Gzerine kuruludur.

Buna ek olarak, mesajlarin iletimesinden sorumlu olan iletisim Katmani, hem Alarm Dagitim
Etmeni hem de Alarm Tetikleme Bileseni tarafinan kullanildigindan; diger bilesenlerden ayrik bir
bicimde tasarlanmistir. Bu bilesenin SMS, e-posta ve GoogleTalk anlik mesaj protokollerini
desteklemesi diistintimustir.

Web tabanh kullanici arayiizii, kullanicilarin sistemle etkilegimini saglayan bir 6n ug vazifesi
gérmekte olup sisteme ait tek gérsel bilesendir. Kullanicilarinin, her an hastane ortaminda
olmayabilecegi ve sisteme uzaktan erismeleri gerekebilecegi dustnllerek; arayliz web tabanh
olarak distinulmustir.

Sistemin genel yapisi asagidaki sekilde goriilmektedir:

/o
;g \
e

= X

}_.

o= Rules &

P Rule Engine

Y

|

b s
—

JADE Platform |
& Alert Agents

Alert Manager ; <,L.“

it

' $ekil 2 Uyan Sistemi Mimarisi
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Uyari Sistemi’nin Gergeklestirimi

Uyari sisteminin gereksinimlerinin belirlenmesi ve genel tasariminin yapilmasi, projenin tg¢lnct
déneminde gerceklestirilmis ve uygulamaya baslanmistir; uygulamanin, proje is planinda da
belirtildigi gibi dérdincl gelisme dbéneminde tamamlanmasi 6ngériimistir. Bu  bélumde,
tictincli gelisme déneminde gergeklestirimi tamamlanan Veri Modeli ile ilgili bilgi verilecektir.

Veri Modeli

Alarm sisteminin veri modeli kural taban, kural motoru ve iliskisel veritabanlan (zerine
kurulmustur. Veritabani, alarm istemindeki verilerin saklanmasini saglarken; kural motoru ve
kural tabani kullaniciya ulastinlacak mesajlarin nasil iletilecegini belirlemekte kullanihr.

Kural Tabani ve Kural Motoru

Ulastirilacak alarmlarin iletim kosullari, kulanicinin daha 6nce belirttigi tercihlerin kurallar
seklinde saklanmasi ve bu kurallarin kural motoru lzerinde igletiimesiyle belirlenir. Analiz ve
tasarim asamasinda pek c¢ok kural tabanh sistem incelenmis, JESS'  kural motorunun
kullaniimasinda karar kilinmistir.  JADE platformu ile olan uyumu ve kural motorunun
olguntasmis olmasi JESS'in segiminde etkili olmustur. Asagida 6rnek bir JESS kural sablonu ve
bu sablona uyan bir kural gériilmektedir.

IF

userid = {INTEGER},

assignmentid= {INTEGER}

urgency = { LOW(1),MEDIUM(2),HIGH(3)} THEN
mediumid = {GoogleTalk, E-mail, SMS},
needack={TRUE,FALSE}
numberoftry={INTEGER}
waitduration={INTEGER}
mustsend={TRUE FALSE}

(defrule decide-urgency-Contact1_1_3
(userid 1)(assignmentid 1){urgencyid 3)=>
(store mediumid 3)
(store needack true)
(store numberoftry 4)
(store waitduration 3)
(store mustsend true)

)

Yukaridaki kural, 1 numarah kullaniciya, 1 numarall hasta atamasiyla ilgili, aciliyeti 3(ylksek)
olan bir uyari génderilecedi zamanki iletim tercihleri belirtmektedir.
e Mediumid: Mesajin hangi kanalla iletilecigini belirtir. 3 numarali kanal, sistemde
GoogleTalk'u isaret etmektedir.
« Needack: Mesajin alici tarafindan onaylanmasi gerekip gerekmedigini belirtir. Ornek

! http://www jessrules.com/
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kuraldaki mesajin onaylanmasi gereklidir.

* Numberoftry: Mesajin kac defa génderilmesi gerektigini belirtir.
Waitduration: Mesajin iki génderimi arasinda kac dakikalik bekleme olacagini belirtir.
Mustsend: Mesajin iletim onayinin alinmamasi durumunda baska bir kullaniciya
yonlendirilip yénlendiriimeyecegini belirtir.

Sistemde tamimh olan kurallar kalici bir sekilde, uyari sistemi veritabanindaki Rules tablosunda
saklanmaktadir,

Uyar: Sistemi Veritabam

Uyari sisteminde kullanilan verilerin ve de olusturulan kurallarin iligkisel bir veritabaninda
saklanmasi distiniimis bu ¢ercevede, MySQL? veritabaninda, gerekli tablolar olusturulmustur.
Asagidaki sekil, olusturulan tablolarin isimlerini g6stermektedir.

afmnessages

uidelinsassigriments

ediums

essageloggings

Erigsions

urgencies
- usercontacts
uzers

Sekil 3 Uyari Sistemi Veri Modelindeki Tablolar

* AlarmMessages tablosu, sisteme gelen uyar mesajlarini depolar
GuidelineAssignments tablosu, hasta-kilavuz eslesmelerine atanmis olan doktor ve
hemsirelerin id’lerini saklar. Hasta bilgilerine, EHR veritabanindan ulasihr.

* Messageloggings tablosu kullanicilara génderilimis olan mesajlari depolar.

» Mediums tablosunda, eldeki iletim yollar kayithdir. 1, GoogleTalka; 2, e-posta’ya; 3 ise
SMS’e karsilik gelmektedir.

* Permissions tablosu, eger tanimlandiysa; bir kullaniclya mesaj ulagsmadiginda mesajin

yonlendirilecedi saglk personeli listesini saklar.

Roles tablosunda kullanici tipleri(Ydnetici,oktor, Hemsire,Hasta yakini ) kayithdir.

Rules tablosunda, JESS ile tanimlanmis kurallar saklanir.

Urgencies tablosu, kayth olan aciliyet kodlarinin isimleriyle birlikte saklandig: tablodur.

Usercontacts tablosu kullanicilarin tanimladigi cep telefonu, GoogleTalk ve e-posta

adres ve numaralarini sakiar,

» Users tablosu, kullanici bilgilerini saklar.

Pilot Uygulama igin Giincellemeler

Son kullanicilardan gelen geribildirimler g6z éniinde bulundurularak Uyari Sisteminde asagidaki
glincellemeler gergeklestirilmistir:
» Prototiplerde daha 6nce SMS uyarilarini géndermekte kullanilan SMS servis saglayicisi
sadece Tirkiye GSM operatérierine SMS mesajlari génderimini desteklemekteydi. Bu
kisittamanin_giderilmesi _icin, diinya capinda bir dagitim adina sahip bir SMS servis

: hitp/fwww.mysqgl.com/
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saglayicisi (Clickatell) icin yeni bir SMS uyari adaptéri gelistirildi ve sisteme dahil edildi.

« Son kullanicilarin geribildirimlerine paralel olarak, uyari sisteminin yapilandirimasinda
daha basit bir yapilandirma secenegi sisteme dahil edildi. Bu segenek ozellikle kiiclik
capli organizasyonlar icin kolaylik saglayacak.

2. Tiim sistemin entegrasyonu

Anlamsal Birlikte-islerlik

Anlamsal olarak zenginlestirilmis web servisleri yardimiyla anlamsal birlikte-islerlik sensor web
servislerinin anlamsal mimlenmesiyle saglanmaktadir. igerik seviyesindeki birlikte-iglerlik cozimi
icin, sistemde kullanilan sensor bilgisini ifade ederken sistemimizi |EEE 11073 (“Health
informatics, Point of care medical device communication”) standard ailesine dayandirdik. Bu
standardlar, formatlarin birbirine cevrimi sirasinda kayipsiz verimli bir tibbi bilgi aligverisi
saglamaktadir. IEEE 11073 standard sensor bilgisinin anlamsalligini bir Alan Bilgi Modeli (ABM)
ve bunu tamamlayici bir terminoloji yardimiyla tanimlamaktadir. Bu standardlari kullanarak, ortak
bir tibbi ara¢ ifade standardindan faydalanmis olmaktayiz. Bu ABM ve IEEE 11073
standardlarina ek olarak, ayrica IHE Patient Care Device (Hasta Bakim Araci) entegrasyon
profilleri IEEE 11073 ABM'de ifade edilen sensor bilgilerinin HL mesajlarina cevrimi igin bir
mekanizma sunmaktadir. Béylece sensor cihaz bilgisinin saghk kurumlarinda entegrasyonu
sadlanmaktadir.

ECG Analizlerinin Bilgi Déniisiimii

ECG Analizleri tiglincii parti bir kurum tarafindan gergeklestirilir. Bu ytizden, sensor web
servislerinin ECG bilgisi icin anlamsal mimlenmesi kurumlara O6zel bilgi donistmi ile
gerceklestirilir. Bunun dogal bir sonucu olarak, ECG Web servisleri, Sp0O2 ve BP sensorlerinde
olan gercek analizleri saglamak yerine, zaten analiz edilmis g6zlemleri sadlamaktadir.
Sistemdeki yénergelerde asagidaki parametreler kullaniimaktadir:

« “ECG New LBBB Durumu

+ ECG ST Elevation Durumu

« ST Depression Degeri

« ECG AV Block Durumu

s PR Degeri

« ST-wave inversion

« Transitory ST Elevation ‘

« Transitory ST Deviation Durumu
e Dynamic ST Changes Durumu

Bu parametreleri ifade etmek icin kullanilan kuruma 6zel XSD Sekil 4'te gosterilmektedir.
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Sekil 4 ECG Gozlem Mesaj Formati

Yénergenin calistirilabilmesi icin, tibbi cihazlarin sagladigr bilgilerin gerekli formata
donustirulmesi gerekmektedir. GLIF'teki klinik bilgi, veri maddeleri seklinde temsil edilmektedir.
Tibbi veri maddelerini ifade etmek icin, GLIF, HL7 RIM'den tiremis Referans Bilgi Modeli
(Reference Information Model)’ nin kullanimini desteklemektedir. Bu ylzden, HL7 mesajlarina
cevrilmis tibbi cihaz verisi, bu HL7 RIM'den tiremis referenas bilgi modeline XSL dénustmleri
yardimiyla eslestiriimektedir. Bu déntsimler gelistirilen XSD Esleme Araci ile saglanmaktadir.
Bu arac yardimiyla Uretilen tanimlar, bir XSL Déniisim Motoru yardimiyla verinin bir formattan
digerine dénusturiilmesinde kullanilir. ECG Analiz parametreleri icin esleme tanimlama siireci
Sekil 5'te gosteriimistir.
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Hasta Vakalari icin Web Servisleri

Yénergenin gahgmasi igin, hasta gézetimi kalitesinin yikseltimesi amaciyla, hastanin vaka
diigmesinin tetikledigi vakalarin kaydedilmesi gereklidir. Bu veri, web servisleri aracili ile ulagiir

hale gelmektedir.

aPatientEventWs

& PatientEventWSSOAP
http://geras.offs....

G PatientEventWs

% hasEvents

Dimput 7 parameters - [¢f hasEvents

Foutput | © parameters i hasEventsResponsel
# get astBvent

@i input ' parameters & getlastEvent

Gioutput | & parameters (& getlastEventResponsel
# getEvents

1 nput i parameters - & getEvents

output | ¥ parameters & getEventsResponsel
# getl astData

Biinput 5 parameters . # getlastData

Floutput | 7 parameters = & getlastDataResponsel

Sekil 6 Hasta Vaka Web Servisi Operasyonlan
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PatientEventType veri formati Sekil 7'de gosteriimekiedir. Projede kullanilan yénergelerin
galigmasi igin sadece “G6gus Agnist” vaka turG Snemlidir. Bu vaka tirl, gerektiginde vaka
digmesine bir defa basilarak olusturulur. Vaka tiriiniin iki defa basilmasi durumunda
‘Dyspnoea’, ¢ defa basiimasi durumunda ise ‘Palpitations’ vaka turleri olusturularak yénergeye
iletirilir.

(€] patient_code  string
& typeOfEvent  string
&} pumPushes int

e timeOfEvent  dateTime

Sekil 7 PatientEventType Veri format

Uyari Sistemi Entegrasyonu

“Uyar Sistemi” boliminde anlatildigr gibi, sistemin uyar bileseni, ajan teknolojilerine dayalidir.
Uyari Dagitim Ajani, bu ¢ok ajanh sistemdeki ajanlardan bir tanesidir. Sistemdeki Uyarn Bileseni,
Yoénerge Calistirm Bileseni ve kablosuz tibbi sensor Birlikte-Islerlik Platformu ile etkilesim
halindedir. Tum sistemin verimli ve tam anlamiyla galisabilir olmasi igin Uyari bileseni bu diger
bilesenlerle tamamen entegre olmak zorundadir.

Ajanlarin c¢evreiyle iletisimi, ajan mesajlasma imkanlan ile gergeklestiriimektedir. JADE
ajanlaninin kullanildigr bu sistemde, Ajan lletigim Dili (Agent Communication Language (ACL))
mesajlari ajanlar arasindaki iletisimi saglar. Yénerge Calistinm Bileseni, Y6nerge Ajani
dolayisiyla Sistem Ajan Platformunun bir Qyesi oldugu i¢in, Uyan Dagitim Ajani ile aralarindaki
iletisim dogrudan ACL mesaijlari kullanilarak gergeklestirilir. Ancak, bir ajanlardan harici bilegen
olan Birlikte-iglerlik Platformunun sensor uyarilannin dagitiimasi igin, Uyari Dagitim Ajanina
baglanmasi gereklidir. Bir sonraki bélimde sensor uyarilarinin Uyari Dagitim Ajanina nasil
iletildigi antabimaktadir.

Sensor Uyarilarimin Dagitim

Sistem tarafindan olusturutan iki tir uyar vardir. Bunlardan itki, Hastane Pilot Uygulamalarina
6zgl olan klinik yonerge uyarn turidir. Bu uyaniar klinik yénerge tanimlarinda &nceden
belirlenmistir ve dinamik olarak degistirilemezler. Uyan olusturacak kosullar ydnerge
algoritmasinin akisi ile belirlenir.

Diger taraftan, hem Hastane hem de Evde Bakim Pilot Uygulamalan tarafindan kullanilan bir
diger uyan tiri vardir: Sensor uyarilari. Sensor uyarilar sadece sensor verisi kaynakl kogullarin
uyaritarinin bildirimi igin kuilanilir.

Uyari Dagitim Ajant ve Yonerge Ajani ayni JADE birimi Gzerinde konusglandinidigindan bu iki
bilesen arasindaki iletigim kolaylikla ACL mesajlan yardimiyla gergeklestirilebilir. Ancak, sensor
uyarilari icin durum farkhdir. Sensor Uyarilar, sistemin ajan platformundan bir bagka platformda
konuslandiriimis Birlikte-islerlik Platformu igerisinde uretilir. Bu yizden, ACL mesajlan sensor
uyanlarinin Uyar Bilesenine iletiimesi igin elverigli degildir. Buna ek olarak, sensor uyarilan
sensor veritabaninda tutulmaktadir; bunun bir sonucu olarak da, sensor veritabanindan sensor
uyartlanni toplayabilmek igin, ilgili tabloya veri girisiyle tetiklenen bir mekanizma saglanmas:
gereklidir.

Sensor veritabani 39 tablodan olusan bir iliskisel veritabanidir. Veritabam MySQL sunucusunda
bulunmaktadir. Tam tablolarin arasinda, sensor uyarilart igin en énemli gérevi Ustlenen tablo
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“Alarm” tablosudur. Alarm tablosunun yapisi asagidaki sekilde gosterildigi gibidir:

.

Column Mame ! Datat !
o AlamlD i2s, INTEGER

@ patient_id * . INTEGER

& AlarmMessage &, VARCHAR(2000)
% GuidelinelD T INTEGER

& Date "¢l DATETIME

<& Confidencelndes . FLOAT

% Seveitylndex & FLOAT

& AlarmThreshold (, YARCHAR{1000]
& Distributed 4 BIT)

% Resolved o TINYINT(3)

Sekil 8 Alarm Tablosunun Yapisi
AlarmID veritabani tarafindan otomatik olarak verilen belirleyicidir.
Patient_id sensor verisetinde hasta kimiidini belirtir.
Alarm Message uyarici alicilarina gonderilen metindir.

Guideline ID Hastane Pilot Uygulamalarinda kullantlan uyarn mesajinin iliskili oldugu
yOnergenin belirleyicisidir. Ev-bakimi Pilot Uygulama icinse varsayilan degeri kullanilir.

Date uyarinin olusturuldugu tarihtir.

Confidence Index sensor verisinin kesinligini belirtir.

Severity Index uyari aciliyetinin bir élgimidur.

Alarm Threshold esikdegerini asan sensor verisinin ismini gosterir.

Distributed and Resolved uyarn mesajlarinin génderim basarisin: belirtir.

‘Alarm” tablosuna yeni bir giris durumunda bir tetikleme mekanizmasi aktif hale gelir. Bu
tetikieme mekanizmasi ilk olarak C dili ile dnceden tanimlanmis DLL dosyasinin bir fonksiyonunu
cagirir. Bu DLL'deki fonksiyonun aktiflesmesi ile birlikte, ortamda bir Java Sanal Makinasi
olusturarak bir java uygulamasi baslatilir. Bu java uygulamasi uyari mesajini géndermek igin
dncelikle Alarm Tablosundan asagidaki parametreleri ¢ceker:

[

.

Patient 1D

Alarm Message
Guideline ID
Date

Confidence Index

Severity Index

Bu parametreleri elde ettikten sonra, Java uygulamasi, Uyar Bileseni ile web servisleri
araciligiyla haberlesir. Bu amagla, Uyar Bileseni tarafinda bir web servisi gelistiriimis ve
konuslandinimigtir. Uyaryi olusturan taraf, sensor veritabani tarafi, web serivsinin agentCaller()
operasyonunu yukardaki parametrelere givenirlik _ve esikdegeri ekleyerek caginir. Uyar
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iletiminin geri kalant sunucu tarafinda gercekiestirilir.

Uyarni Dagitim bileseni bir ajan oldugu icin, bu bilesenle haberlesmenin de ajanlar tarafindan
yaptimas) gerekmektedir. Web Servisinin calismaya baslamasiyla birlikte, tek kullanimitk bir
ajan, ajan haberlesmesini kolaylastirmak amaciyla olusturulur. Uyan Ontolojisine uygun
asagidaki yapiyla bir ACL mesaiji olusturulur: ,

. Alarm Message :

o Patient Info

= Assignment 1D (STRING)

= Patient ID (STRING)

s Guideline ID (STRING)

» - Patient Name (STRING)
o Message Content

* . Urpgency (INTEGER)

» - Role (STRING)

s - Content (STRING)

Mesajin aciliyetine Confidence Index, Severity Index ve Confidence Threshold parametrelerinin
beraber yorumlanmasiyla karar verilir. Yukarda bahsedildigi (zere, Confidence index
parametresi sensor verisinin glvenirligini belirtir. Eger bu deger Confidence Threshold degerine
(Sistemde 0,5 olarak belirlendi) esit veya bu degerden daha fazla ise, mesaj aciliyeti olarak
Severity Index kullanihir. Diger tirlii, aciliyet Severity Index degerinin bir eksigi olarak belirlenir.
Asagidaki tablo bu aciliyet karar listesini gdstermektedir.

Sl ] cl URGENCY

0 CI<0.5 GREEN

0 CH>=05 GREEN

1 CI<0.5  GREEN
1 Cl>=0.5 YELLOW
2 CI<0.5 ~ YELLOW

2 C>=0.5 RED

Ajan tarafindan mesaj olusturulduktan sonra, mesaj Uyan Daditim Ajanina génderilir. Mesaj
gonderildikten sonra, tek kullanimlik ajan yokedilir.
Sensor Uyarilarinin dagitiminin genel bakisi Sekil 9'de gdsterilmektedir.
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¥ sesson d: INTEGER(10)
& patent_gf INTEGER(IOY (F1)
(@ session_start; DATETE i
% sEssiary_prd DATETIME

[

patient o e
¥ patent i INTEGER{10Y
& fiest_use_date: DATETIME
w last e dater DATETIME

¥ creates
¢ AlamiD: INTEGER(10) DE
@ patient_id: INTEGER(1G) %) ey
G AdarmMessage: WARCHAR{P000) ngge
s GetrelD: INTEGER( 10} Alarm
¥ Date: O S Triggering
‘ foercalnc: 1. 4, ;
ityindex: FLOAY A Queries Agent
G AlxenT) H HARCIO00Y
& Dystrburtedt: BIT(1)

& queries

dwmeoes ~
W Alarmily INTEGER{10) (FK) z
9 RokelD: INTEGER(10) (i) |

€

SAPHIRE
Repository

s A AkrRolis
BRI

8 Rolell: INTEGER(10)
S FoleText; VaRTHAR(25S) |

Alarm

Distribution

Agent
Sekil 9 Sensor Uyarisi Dagitimi

Veritabanlarinin Entegrasyonu

Farkli sunucularda bulunan birkag veritabani ve projenin  farkh gereksinimleri icin
konfigurasyonlar! ile sistem heterojen bir ortamdan olusmaktadir. Projenin very havuzundaki en
basta gelen iki veritabani, EHR Veritabani ve Sensor Veritabanidir.

Sistemin tim bilesenlerinin  aralarinda bilgi paylasmasini saglayan bir veri havuzu
bulunmaktadir. Bu havuz arka tarafta bir ligkisel Veritabani Yénetim Sistemi (RDBMS) ve bu
veritabanindan bilgi ¢ekilmesini ve veritabanina bilgi girigini saglayan bir java arayiiziinden

olugsmaktadir. Sekil 10’da bu veri havuzu tablolari gosterilmektedir.
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ssighment
ssigrment_custorization
sigﬁrqeﬁt;ensms_sétr :
usiaqyizatior?ﬂhfo
iagnosiscode

gehistory

history_header
uidelne_diaghosis

sersors_sel info
sensoitmp
subscriptions
to_duration_per_session
tp_target b
1o target_fpm
tpwattage
tiaining program
training. result :
Sekil 10 Veri Havuzundaki Tablolar

EHR Veritabani hastalarin saglik kayitlanini depolamak amaciyla olusturulmustur. EHR
Veritabani hastalarin asagida listesi verilen bilgilerini depolamaktadir.

¢ Demografik veri

o Kiinik veri

* Hastane Servisleri

o Laboratuvar Servisleri (Lab verisi)

Ekokardiyografi Servisleri (Ekokardiyografi)
Farkli Islemler (Nonefraktif stress Testi) '
Kateterizim Laboratuvar Servisleri (Koroner Anjiografi)
Efraktif izleme

070 00 .0

EHR Veritabani, yapist Sekil 11'de gosterilen 22 tébfodan olugmaktadir. Veritabani MySQL
Veritabani Yo6netim Sistemi kullanilarak olusturulmustur.
Sensor veritabaninin gérevi de tibbi sensorlerden gelen bilgiyi depolamak ve bu sensor verisine

saglamaktir. Yine MySQL kullaniarak olusturulmus olan sensor veritabani 39 tablodan
olusmaktadir. :

Bu veritabanlarindan faydalanan bilesenler birbirleriyle kesintisiz bir sekilde haberlesebilmeli ve
veri ahgverisinde bulunabilmelidir. Bu yuzden bu veri tablolarindaki tablo ve varlikianin

senkronizasyonu saglanmistir.
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Sensor Web Servisleri Entegrasyonu

Sistem Yonerge Calistirma Bileseni, EHR ve sensorlerden elde edilen verilere dayanan bir karar
destek sistemidir. EHR verisi CDA dosyalart aracihgiyla ulasilirken, sensor verisi web
servislerinden alinmaktadir. Sensor verisi Sistem Birlikte-islerlik Platformunda islenir ve analiz
edilir, daha sonra anlamsal olarak detaylandirilmis web servisleri araciligiyla ulasilabilir hale |
gelir. , , o

Sistemde hastanin gézetimi igin (ig cesit sensor kullaniimaktadir: Kan Basinci (Blood Pressure,
BP), Nabiz Olgiim Cihaz: (SpO2) ve Elektrokardiogram (ECG). Ornek olarak Kan basinci sensor
veri formati Sekil 12'de verilmistir.

ESysmﬁcPressma

" DiastolicPressure

PulseRatePerllinute

T WeanhrterislPressure |

Sekil 12 Kan Basinci Veri Formati

Servisler baslangicta tek baslarina Axis web servisleri olarak geligtiriimisler ve diger bilesenlerle
entegrasyonlari ayrica ele alinmistir, ,

Kablosuz tibbi sensorlerden ahinan veri baglica Akilli Klinik Karar Destek Sistemi tarafindan
kullaniimaktadir. Yonerge Calistirma Bileseni. GLIF ile temsil edilen ydnerge algoritmalarini
calistinr. Bu bilesenin digerleriyle etkilesimi gonerge algoritmasi tanimlarina gére yonlendirilir.
Anlamsal olarak zenginlestiriimis web servisleri araciltyla yapilamakta olan sensor verisinin
erisimi, bu etkilesimlerin en belirgin ve 6nemli parcasini olusturur. '
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Web servislerinin, yénerge calistirim ile ilgili entegrasyon, temel olarak karsilanmasi gereken iki
birlikte islerlik gereksinimini dogurmaktadir:

*»  Sotzdizimsel Birlikteislerlik

*  Anlamsal Birlikteislerlik

Web servisleri, SOAP mesajlar yardimiyla, uzaktaki islemlere ulasim icin iki standard yol
saglamaktadir. Bu yilizden, sensor verisine ulagim araci olarak web servislerinin secilmesi;
sensor verilerinin sézdizimsel entegrasyonu ile ilgili bir ¢ok gereksinimi karsilamaktadir. Ancak,
web servisleri kullanilsa dahi, hala ¢ozilmesi gerekli uygulamaya 6zel problemler vardor.

Bu problemlerden ilki, Yénerge Calistirim Bileseninin kullandi§i SOAP istemici ile ilgilidir. SOAP
istemcisi, web servislerinin uyandiriimasi icin istemci mesajlari olusturan kapsamli bir SOAP
mesaj olusturucusudur.

Sunucu, bir web servisinin bir tek operasyon icerecegi varsayimiyla tasarlanmis ve
geligtirilmistir. Ancak, sensor web servisleri diger bilesenlerin de kullanacagi birden fazla
operasyona sahip olabilmektedir. Bu yiizden, sunucunun serviste hangi operasyonu segecegine
yonelik bir belirsizlik bulunmaktaydi. Bu problemin stesinden gelebilmek icin, sunucu bir
serviste ismi verilen operasyonu gagirabilecek sekilde genisletildi. Web servislerinin isimlerdi de
ybnerge calistirim bilesenini kapsamli tutmak amactyla web servislerinde bazi operasyonalarin
isimleri degistirildi. Buna ek olarak, web servislerin parametreleri de birlestirildi. Web servisi
operasyonlari hasta tanimlayicisi ile ¢agrilir ve en giincel sensor bilgisi servis tarafidan cevap
olarak dénuimektedir.

Sozdizimsel birlikteislerlik sensor verisinin dogru bir bicimde yénerge calistinm bilesenine
iletilmesini saglar. Ancak, eger bu gelen veri, yénerge caligtinm modiliniin karar destek
sisteminde kullanilan veri modeliyle (GLIF veri modeli) entegre olmadigi siirece, islevsiz
olacaktir. Yukarda da bahsedildigi gibi, sensor verisi daha énceden belirlenmis XML semalarina
uygun web servisler tarafindan saglanmaktadir. Bu ylizden bu semalar ve GLIF arasindan bir
déntsime ihtiyac var. Bu déniistimi saglamak icin, GLIF Hasta Veri Obje yapitasiar XML
semalari olarak olusturulmustur.

Bu proje cercevesinde, BP ve SpO2 sensorleri icin sensor veri semalar 6ncelikle standard
modellere eslenmistir. IEEE 11073 standardi, Hasta Bakim Cihazi bilgilerini bir veri modeli ve
onun terminolojisiyle tanimlamaktadir. Proje kapsaminda gelistirilen déntstm araci, kendisine
has formattaki veya IEEE 11073 standardi digindaki herhangi bir standarddaki sensor veri
bilgilerinin IEEE 11073 sézdizimine gevrimini mumkin hale getirmektedir. Daha sonrasinda
IEEE 11073 sézdizimi XSL déniisiimleriyle HL7’e ve son olarak da GLIF formatina dénistirulir.
ECG i¢in ise doniigiim direk ecgML'den GLIF formatinadir.

Bu donisiim yetenegi yénerge galistinm tarafinda web servisleri istemcisi tarafindan alinan
verinin aninda GLIF sézdizimine cevrirecek sekilde gelistiriimistir. Sensor web servislerinin
anlamsal entegrasyonu bu sayede gerceklestiriimektedir.

Sistemin izleme Araciyla Entegrasyonu

Hekimlere, sensor verisine dayali ileri derece ilgi gerektiren hayati tehlikedeki kosullari ve
durumlari tanimlamasina izin verecek kullanici dostu ve esnek bir araylz gelistirimesi
hedeflenmisti. Bu amagla proje cercevesinde asagidaki iki ana bilesen gelistirildi:

* - Ajan Atama Araci

o Veri Erisimi Esleme Araci
Ajan Atama Araci yonergeleri hastalara atamada kullanilir. Bu arag, hekimlere bir hasta

listesinden hasta segcmelerini ve bir yonerge ve bir sensor setini hastaya atamalarini
saglamaktadir. Buna ek olarak, doktor ayni zamanda uyart esik degerlerini ve kurallarini da bu
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araylz yardimiyla kolayca belirleyebilmektedir. Doktor atama islemiyle ilgili ayarlan bitirince,
atama sistem veri havuzuna kaydedilir.

Veri Erisimi Esleme Araci yonergelerine isletimi sirasinda hasta-yonerge c¢iftinin erisebilecegi
veri servislerinin tanimlanmasinda kullanilir. Sensor ve klinik web servisleri ve EHR referanslar
bu siiregle ilgilidir. Veri Ulasim Servisleri hasta-y6nerge ciftlerine anlamsallik ve kod semalar
yardimiyla yari otomatik olarak atanir. Asagidaki sekillerde bu bilesenin arayiizler verilmistir,

Authentication 7
- Please provide S5 aporoociate Lsecrvms and passiord

Sekil 13 Ajan Atama Araci Araylizii

L oo i e i
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Sekil 14 Veri Erigimi Egleme Araci Arayiizii

Bu bélimde adi gegen araclar ayr ve kendi basina uygulamalar olarak gelistirildi. Ancak, tim
sistemin klinik siireci tanimlamak icin daha uygun bir arac olmasini saglamak icin tim aragclarin
bir ¢ati altinda toplanmasi gerekliydi. Bu aragclarin entegrasyonu igin, Ajan Esleme Aracinin, Veri
Erisimi Egleme Aracina baglanmasi kararlastinid. Ajan Esleme Araci, Veri Erigimi Esleme Araci
icersine dahil edildi ve kullanic araylziinde yeni bir sekmeyle birbirine baglandi. Bu sayede, su
anda kullanici genel amach sadece bir araylz baslatarak ilgili isleviere ulagabilmekte. Sekmeler
arasinda gezinerek Ajan Esleme Aracina ve Veri Erisimi Esleme Aracina kolaylikla
gecebiimektedir.

2. D6nem iginde Idari Gelismeler

Proje, proje dnerisinde belirtildigi sekilde ve herhangi bir idari degisiklik olmadan yUrataimastar.

3. Proje Calisma Takvimine Uygun Yiirlimiiyorsa Gerekgeleri

Proje planlandig: tzere calisma takvimine uygun olarak tamamianmustir.

4. Bir Sonraki Dénemde Yapilmasi Planlanan Galismalar

5. Destekieyen Diger Kuruluslaria ligili Sorunlar Varsa Ayrintilar ve Géziim Onerileri
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6. Dénem Iginde Proje Kapsaminda Yapilan Yayinlar ve Toplantilarda Sunulan Bildiriler

Laleci G. B., Dogac A. A Semantically Enriched Clinical Guideline Model Enabling Deployment in
Heterogeneous Heaithcare,Environments Under revision in fEEE Transactions on 'mf,ormationr
Technology. in Biomedicine. (Science Citaﬁon #ndex Core, impact Factor: 1.575).

Laleci G, Dogac A, Olduz M Tasyurt I, Yuksel M., Okcan A SAPHIRE: A Muitt~Agent System
for Remote Heaithcare Moni itoring through Computenzed Clinical Guidelines Whitestein Series in |
Software Agent Technologies and Autonomic Computing Special Issue on Agent Technol logy and
e-Health, pp. 25-54. 2008.

Nee O., Hein A, Gorath T, Huls'mana N., Laleci G, Yuksel M., Olduz M.. Tasyurt |, Orhan U.,r
Dogac A., Fruntelata A.. Ghiorghe S, Ludwig R. SAPHIRE: Intelligent Healthcare Monitoring
based on Semantic Interoperability Platform - Pilot Applications IEE Proceedings Communications
Special Issue on Telemedicine and e-Health Communication Systems, 2008, 2, (2), pp. 192-201.
(Science Citation Index Core)

Dogac A., Laleci G., Olduz M., Tasyurt |., Yukse! M., Okcan A., SAPHIRE-Intelligent Heaithcarer
Monitoring Based on Semantic Interoperability Platform Proceedings of Med-e-Tel 2008
Conference, April 16-18, 2008, ISSN 1818-9334
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5. Bulgular ve Tartisma/Sonug

Sistem entegre edildikten sonra sistem bir hastaneye pilot uygulama olarak kuruldu. Tim ayar
ve kurumlar hastane igerisinde yapildi. bilgilendirici katiim belgesini imzalayip pilot uygulamaya
katilan hastalar sistem tarafindan gézlemlendi, denetlendi ve sonrasinda uyari ve ydbnerge
tavsiyeleri gercek zamanl olarak yine sistem tarafindan retildi. Hastalar ve hastane personeli
uygulama sonlandinldiginda geri bildirim anketi doldurdular.

Hastalarin EHR verileri, olusturulan pdf raporlari, uyar ve sensor bilgileri analiz edildi ve
raporlandi. Pilot uygulama i¢in hastanede her biri 2 hasta kapasiteli 2 oda ayrildi. Her iki oda da
Bluetooth arayiizleri olan bir gegit bilgisayari vardi. Bu bilgisayarlar kablosuz sensorlerin
bilgilerinin  alinmasina ve merkezi bilgisayara iletimesini saglamaktaydi.  Sunucu
bilgisayarsensor verisini depolamakta, veri analizi yapmakta ve sensor verisini web servisleri
araciliyla ulagabilir hale getirmekteydi. Ayrica, hasta elektronik saghk kayitlari da sunucu
bilgisayarda idi. Hastane personeli sisteme workstation bilgisyar araciliyla ulastilar. Workstation
bilgisayarinda Akilli Klinik Karar Destek Sistemi, Ajan Atama ve Veri Erisimi Esleme Araci,
izleme Araci ve Uyari Bilesenleri bulunmaktaydi.

Uygulama tibbi senaryolar kullanicinin gézilyle hastane bilgi sistemini farkli durumiar icin
kullanilirkenki gereksinim bildirimlere dayanarak olusturulmustur. Bu senaryolar asagidaki
gibidir:
» |zleme baslatimi
Sensorlerden veri alimi
Sistem uyarnilarinin alimi
EHR ve hastana bilgi sisteminden bilgi ahmi
Yonergelerin calistirimi
Hastane personelinin sistemi kullanmasi igin egitimi
Hasta izleminin durakiatiimasi
Periyodik sistem kontrolii

Bu periyodda, Hastane Pilot Uygulamasinin tasarlanmasinin yaninda ayni zamanda sistemde de
bazi tasfiyeler de gergeklestirildi. Bu iyilestirmeler genel olarak tibbi bilginin gorsellestiriimesinde
ve sistem arayUlzlerinde gergeklestirildi. Proje kapsaminda klinik yénerge modelleri tanimlanmis
ve daha Onceki raporlarda akis grafigi olarak gésteriimisti. Doktorlardan gelen geribildirimlere
paralel olarak bu akis grafiklerinde ve yénerge modellerinde de iyilestiriimeler gerceklestirildi.
Pilot uygulamada bu modellerin son hali Akilli Klinik Karar Destek Sisteminde basariyla simule
edildi.

Proje kapsaminda ayni zamanda sistemi kullanacak hastane personeline bu konuda yardim
edildi. Calisan bilesenler icin sireglerin tamimlar saglandi. Bu yardim siiresinde e-mail, telefon
ve VNC baglantilan kullanild:.

Sonug olarak, Hastane Pilot Uygulamas hastaneye konuslandirilip, sistemin ne kadar basaril
oldugu ve hem hastalarin hem de hastane personelinin sistem degerlendirmesi alindi. Projede
sadece kavrami ispatlayici gelistirilen Akilli Anlamsal Tabanli Karar Destek Sisteminin
kullanicilarina  blylk kolayliklar saglayabilecegi ortaya cikti. Heniiz daha ¢ok baslangic
seviyesinde olsa da ilerde en azindan kiigiik pargalarinin ticarilestiriimesi dusinulebitir.
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6. Bir Onceki Dénemin Ra

' poruna Ait Hakem Gériis ve Onerilerine
lligkin Agiklamalar .

Etmen-Etmen etkilesimli Giivenlik Altyapisi

Projede sistem icirisindeki icerisindeki gtivenlik yapisi sadece web servislerinde gizlilik ve
glvenligin gerceklestirilmesiyle kalmayip, ayni zamanda EHR'den bilgi cekerken de bilgi gizliligi,
guvenilirligi ve butunlugu g6z 6niinde bulundurulmustur. EHR’den veri ami (CDA dosyalarina
erisim), IHE XDS standard; estirilmistir. Bunun gerceklestiriimesi
stardinda Kurumlar arasi k e SAML Web Tek Oturum (SAML Web

. Buna ek olarak ajantarin mesajlasmasi
da JADE guvenlik mekanizma Oniistiriimis yede tim bilgilerin glveniigi ve gizliligi
sadlanmis olmaktadir. _

Sensor yapisinin genisleyebilirligi

Sensor verisi birlikte-islerlik platformuna iletiimekte ve XML semalarina sahip web servisleri
aracihyla ulasilabilir hale getirilmektedir. XML Web Servisleriyle gelistirilen Uygulamalar
bulunduklan yer ve

ya implementasyonlarindan bagimsiz birbirleriyle haberlesebilmektedir.
Projede standard yapilari tercih etmis olsak

formati herhangi bir yapida
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Bu proje kablosuz tibbi sensor verisi ve hastane bilgi sistemleriyle kolay entegrasyonu
sadlayarak Akl Saglik Izleme ve Karar Destek Sistemi gelistirmeyi amaglamaktadir.
Projede devamli hasta g6zetimi, ajan teknolojisindeki “ajan davranigi” nin akilli bir klinik
karar destek sistemiyle desteklenmesiyle sadlanmigtir. Bu karar destek sistemi
bilgisayarlagtinimis klinik yonergelere dayali olup birlikte islerlik problemini asmak
amaciyla anlamsal olarak zenginlestirilmis web servisleri kullanilarak ulagiimaktadir. Ek
olarak, klinik ydnergenin isleyisini gésteren kullanici dostu bir arayiiz de gelistiriimistir.

Anahtar Kelimeler:

Akilli hasta takibi, Karar destek sistemi, kablosuz medikal algilayicilar, birlikte calisablirlik
platformu, klinik uygulama kitavuziar
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SAPHIRE: A Multi-Agent System for Remote
Healthcare Monitoring through Computerized
Clinical Guidelines

Gokce B. Laleci, Asuman Dogac, Mehmet Olduz, Ibrahim Tasyurt,
Mustafa Yuksel and Alper Okcan

Abstract. Due to increasing percentage of graying population and patients
with chronic diseases, the world is facing serious problems for serving high
quality healthcare services to citizens at a reasonable costs. In this paper,
we are providing a Clininical Desicion Support system for remote monitor-
ing of patients at their homes, and at the hospital to decrease the load of
medical practitioners and also healthcare costs. As the expert knowledge re-
quired to build the clinical decision support system, Clinical Guidelines are
exploited. Examining the reasons of failure for adoption of clinical guidelines
by healthcare institutes, we have realized that necessary measures should
be taken in order to establish a semantic interoperability environment to be
able to communicate with various heteregenous clinical systems. In this paper
these requirements are detailed and a semantic infrastructure to enable easy
deployment and execution of clinical guidelines in heteregenous healtcare en-
viroments is presented. Due to the nature of the problem which necessitates
having many autonomous entities dealing with heteregenous distributed re-
sources, we have built the system as a Multi Agent System. The architecture
described in this paper is realized within the scope of 1ST-27074 SAPHIRE
project.

1. Introduction

The World is facing problems to provide high quality healthcare services at a
reasonable cost to the citizens due to the increasing percentage of graying popu-
lation. According to a study performed by United Nations, by 2050, 22 percent of

This work is supported by the European Commission through IST-27074 SAPHIRE project
and in part by the Scientific and Technical Research Council of Turkey, Project No: EEEAG
105E133.
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the World’s population, nearly 2 hillion people, will be 60 and older. With the de-
mographic change, the prevalence of chronic conditions such as chronic respiratory
and vessel diseases increases: the percentage of elderly at 60s and older having at
least one chronic disease is more than 60 [1]. The solution to decrease both the
cost of healthcare services and also the load of medical practitioners requires a
dramatic change in the way future healthcare services are provided. The expected
necessary changes are: moving from reactive to preventive medicine, concentrating
on the long term care rather than only acute care, citizen centered care rather
than hospital centered care, including remote care delivery mechanisms where the
citizen is taking a bigger role in his/her treatment and lifestyle management. All
of these necessitate technologies for long term monitoring of the patients both in
hospital and home settings.

Enabling underlying infrastructures such as wireless medical sensor devices,
wearable medical systems integrating sensors on body-worn platforms like wrist-
worn devices or biomedical clothes are offering pervasive solutions for continuous
health status monitoring through non-invasive biomedical, biochemical and physi-
cal measurements. Remote monitoring systems typically collect these patient read-
ings and then transmit them to a remote server for storage and later examination
by healthcare professionals. Once available on the server, the readings can be used
in numerous ways by home health agencies, by clinicians, by physicians, and by
informal care providers. However remote healthcare monitoring systems will be
exploited to their full potential when the analysis is also performed automatically
through clinical decision support systems fed by expert knowledge. Clinical prac-
tice guidelines constitutes the most suitable source of information for building such
clinical decision support systems.

Clinical practice guidelines are the systematically developed statements de-
signed to assist practitioners to make decisions about appropriate medical prob-
lems. They aim to reduce inter-practice variations and cost of medical services,
improve quality of care and standardize clinical procedures [2]. In order to be able
to share clinical guidelines and manage their enforcement through computerized
systems, a number of machine processable models of Clinical Guidelines have been
proposed such as GLIF [3], ASBRU [4], ARDEN [5] and EON [6]. Based on these
machine processable guideline definitions, a number of clinical decision support
systems have been built such as GLEE (7], GLARE [8] and DeGel [9].

Despite the benefits of clinical guidelines, and also although we have such
machine processable models and clinical decision support systems for execution
them, it has been a well accepted fact that wide adoption computerized clinical
practice guidelines has vet to be achjeved even within a single healthcare institute.
This is because of the difficulty of integration of clinical decision support systems
with the already existing clinical workflow systems run by healthcare institutes: for
this the clinical decision support system needs to communicate with various het-
erogeneous clinical applications run by the healthcare institute [10, 11]. Especially
in the case of long term and remote monitoring of the patients, the clinical decision
support systems need to communicate with many different information sources:
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medical devices, several electronic healthcare record systems, and the decisions
need to affect the processes held at disparate care providers such as homecare,
emergency centers, primary and secondary care, and rehabilitation centers. Hence
we definitely need robust clinical guideline execution systems that can cope with
semantic and technical integration problems with disparate healthcare information
systems.

In this paper, the SAPHIRE project will be introduced which provides a
Multi-Agent system for the monitoring of chronic diseases both at-hospital and
also in home environments based on a semantic infrastructure. The system is
capable of deploying and executing clinical guidelines in a care environment in-
cluding many disparate care providers having heterogeneous information systems.
In Section 2, the challenges and requirements of deploying and executing a clinical
guideline execution infrastructure for remote monitoring of patients in a heteroge-
neous care environment will be detailed. In Section 3, the SAPHIRE Multi-Agent
System that addresses these challeriges through an enabling semantic interoper-
ability environment will be introduced. Finally Section 4 will conclude the paper,
discussing the current status and future challenges.

2. The requirements for seamless execution of Clinical Guidelines
for long term healthcare monitoring

In order to guarantee sucecesstul execution of clinical decision support systems for
long term monitoring of patients based on clinical practice guidelines, the inte-
gration, more importantly interoperability, with the following external interfaces
should be assured:

o Accessing vital signs of the patient: In order to be able to monitor the patient’s
current condition, the clinical decision support systems need to access the vi-
tal signs of the patient measured by wireless medical sensors and body-worn
platforms. Currently there are many biomedical sensors devices available, and
active research is going on for body worn platforms initial products of which
will be soon'in the market. The clinical decision support systems should be
able to communicate with heterogenieous medical devices supplied by various
different vendors. We have two interoperability problems to access the vital
signs measured by these devices: the first one is the technical interoperability
problem to access the vital signs physically: there may be different protocols
implemented by different medical device vendors. In SAPHIRE architectire
we are addressing the technical level interoperability problem by exposing
the sensor data through Web Services: The sensor data is gathered through
Bluetooth from wireless sensor devices t0'a gateway computer where they
are exposed as Web services. By exposing the sensor data as Web services,
a platform independent way of accessing the vital signs measured by sensor
devices is achieved. The second interoperability challenge that should be ad-
dressed. is content level interoperability problem: After accessing the sensor
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data through Web services, the content received should be processable and in-
terpretable by the receiving application, the clinical decision support system
in our case. However, the data coming from the wireless medical sensors are
either in proprietary format (for example, for electrocardiogram data, Philips
XML ECG Data Format) or when it conforms to a standard, this still does
not solve the interoperability problem since there are very many standards
(again for electrocardiogram data, the available standards include: SCP-ECG
[12], US Food and Drug Administration FDA/HL7 Annotated ECG [13], I-
Med [14] and ecgML{15]). There is also a very important interoperability
initiative for the interoperability of the data coming from medical devices:
the IEEE 11073 Standards Family[16] which aims to enable functional and
semartic ad-hoc interoperability. For this purpose, the IEEE 11073 proposes
an Object-oriented modeling of function and application area, the “Domain
Information Model” (DIM). Through the DIM it is possible to define and
represent devices, functionalities, measurement data, calibrations, alert in-
formation and so on. On top of the DIM, it provides standardized codes for
naming all information elements in the DIM such as medical devices and de-
vice systems, units of measurements through the “Nomenclature” and “Data
Dictionary”. IEEE 11073 assumes that all device vendors to adopt this DIM
to represent sensor data to achieve interoperability. However for the time
being the vendors still using proprietary formats or different standards can
not be ignored. For this purpose, in our architecture we provide a translation
wizard, through which the translation of proprietary XML schemas of sensor
data to the IEEE 11073 format can be easily defined graphically enabling
the user to define Javascripts taking the pieces of input XSD schema. This
translation definition is used to transform the data instances automatically
to one another. In this way it is possible to have all the sensor data in IEEE
11073 format in SAPHIRE Gateway computer to be exposed as Web services.
Accessing Electronic Healthcare Records of the Patient: The gathered vital
signs of the patient can only be assessed correctly when consolidated with
the Electronic Healthcare Records (EHRs) of the patient. The evaluation of
the vital signs should be “personalized” for each patient, based on their past
illnesses, active problems, family histories, allergies and adverse reactions. In
addition to this, the clinical decision support system executing clinical guide-
lines needs to know the previous medical history of the patient to follow the
correct branch for the medication or operation recommendations to be pre-
sented to the medical staff: for example the first line medication to be applied
to a patient who may be suffering from myocardial infarction varies based
on his/her medical history: it is not appropriate to recommend a B-blocker if
the patient previously suffered from bronchial spasm or asthma. To be able
assess these, the ¢linical guideline execution environment needs to access the
Electronic Healthcare Records of the Patient where ever they are. However
there is a challenge to be addressed here: Patient medical records that the
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clinical decision support system need to process are usually physically dis-
persed in disparate medical institutions which usually do not interoperate
with each other. First of all the Clinical Decision support system needs to
discover these records, and then needs to seamlessly access the records to
process them. One of the prominent initiatives for sharing EHRs is the Inte-
grating Healthcare Enterprise (IHE). IHE, through the Cross Enterprise Doc-
ument Sharing Integration Profile (XDS) [17], enables a number of healthcare
delivery organizations to share clinical records. This profile has received con-
siderable attention and appeared in the National eHealth System blueprints
of Canada, USA, Italy, Norway and France.

In the IHE XDS Profile, healthcare enterprises that agree to work to-
gether for clinical document sharing are called a “Clinical Affinity Domain”.
Such institutes agree on a common set of policies such as how the patients
are identified, the access is controlled, and the common set of coding terms
to represent the metadata of the documents.

In each affinity domain there are a number of “Document Reposito-
ries”; the healthcare institutes store the medical documents of the patients
to these repositories in a transparent, secure, reliable and persistent way.
There is a “Document Registry” which is responsible for storing information
about those documents so that the documents of interest for the care of a
patient may be easily found, selected and retrieved irrespective of the repos-
itory where they are actually stored. The document repositories register the
documents along with a set of metadata to the Document Registry. Whenever
a “DocumentConsumer” wishes to locate a specific document of a patient,
the “Query Document” transaction is issued along with the specified query
criteria, and as a response a list of document entries that contain metadata
found to meet the specified criteria is returned including the locations and
identifier of each corresponding document in one or more Document Reposi-
tories. Using these document identifiers and the Document Repository URI’s,
the “Retrieve Document” transaction is issued to get the document content.

The SAPHIRE multi-agent system that facilitates the execution of the
clinical decision support system uses this IHE Profile to locate and access the
records of the patients which will be detailed in Section 3.

The Electronic Healthcare Records accessed should be machine pro-
cessable so that the content can be interpreted to retrieve the necessary piece
of the EHR required by the=clinical guideline definition. For this purpose
in SAPHIRE architecture, the EHR documents are represented as the HL7
Clinical Document Architecture (CDA) [18] documents. The HL7 CDA is
a document markup standard that specifies the structure and semantics of
“clinical documents” for the purpose of exchange. CDA documents are en-
coded in Extensible Markup Language (XML) and they derive their machine
processable meaning from the HL7 Reference Information Model (RIM) [19]
and use the HL7 Version 3 Data Types. In the SAPHIRE architecture, both
the “Sections” and “Document Entries” are annotated with coded terms of
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medical terminologies and ontologies such as LOINC [20], SNOMED [21] and
ICD-10 [22] so that the clinical guideline execution environment carn process
the information contained in the EHR of the patient. However it should be
noted that, in the clinical guideline definition-the clinical information re-
quested may have been represented through a code in a different medical
terminology from the one that has been used in the CDA document, in this
case, the “Ontology Agent” of SAPHIRE multi agent system is contacted to
handle the mediation between different coding standards.

o Accessing the Clinical Workflow systems ezeeuted at Healthcare Institutes:
While the clinical decision support system is executing the Clinical Guide-
line Definition, it is needed to interact with several modules of the clinical
workflow executed at the healthcare institutions. For example, if the clinical
decision support system recommends to prescribe a B-Blocker to a patient,
this medication recommendation should be reflocted to the underlying clini-
cal workflow, otherwise the clinical decision support system and the clinical
workflow run in parallel without any interaction with each other, the activ-
ities are not synchronized with each other. This hampers the use of clinical
decision support systems to their full potential. For this kind of interactions
like medication, procedure or lab orders, there needs to be an interface pro-
vided by the underlying hospital information system executing the clinical
workflow. However most of the hospital information systems are proprietary,
which makes the deployment of clinical decision support systems to health-
care institutes difficult. Integration with each of such hospital information
system is costly; there needs to be a mechanism that enables interoperability
for accessing these proprietary systems to avoid manual integration efforts. In
SAPHIRE. we are proposing to solve this problem by exposing the function-
alities provided by Healthcare Institutions as Web Services, and publishing
these Web services to Service registries by annotating them with ontologies
reflecting their functionality. This will ‘allow us to automatically deploying
the clinical decision support systems executing clinical guidelines automat-
ically. Web services have already started to be adopted by the Healthcare
Industry as a solution to technical interoperability problem. The Dutch na-
tional infrastructure for healthcare messaging is implemented by wrapping
HL7v3 messages as Web services [23].

3. The SAPHIRE Multi Agent System

The SAPHIRE Clinical Decision Support System that is responsible for deploying
and executing Clinical Guidelines is a multi-agent system composed of a number
of collaborating agents. An overview of the subcomponents and their interaction
is depicted in Figure 1. The system is implemented as a multiagent system, since
as a result of conceptual design phase we have realized that in order to deploy and
execute the clinical guidelines in a heterogeneous distributed environment, there
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FIGURE 1. The SAPHIRE Multi Agent System

should: be 'a number of autonomous components that should be communicating
with each other in a reactive manner, and some of these components should be
instantiated and eliminated dynamically based on the demand.

The roles of each SAPHIRE Agent can be introduced as follows:

o Agent Factory Agent: The Agent Factory Agent is mainly responsible for
specializing the Guideline definition to a patient, and creating the Guide-
line Agent which will execute the clinical guideline. It discovers the real im-
plementations of the medical services exposing hospital information system
functionalities and sensor services and the document identifiers of the EHR
documents of the patients, so that the guideline definition becomes ready to
be executed. . ,

EHR Agent: In the SAPHIRE architecture the EHR agent functions as the
gateway to access and extraet clinical data from the Electronic Healthcare
records of the patient. EHR Agent is modelled as a separate agent, to ab-
stract the access to EHR [rom other agents. Currently in the SAPHIRE
architecture the main mechanism for sharing EHR documents is THE XDS
Registry/Repository architecture. The EHR agent is capable of communicat-
ing with IHE XDS Registry/Repository to retrieve the EHR documents.

Ontology Agent: The SAPHIRE architecture is capable of reconciliation of se-
mantic interoperability problems while accessing the resources of healthcare
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institutes. In the SAPHIRE in the guideline definition, patient data refer-
ences are modelled in a reference information model based.onp HL7 RIM. It is
possible that the medical Web services, the-sensor data, and the EHR docu-
ments use different reference information models; and clinical terminologies.
Through Ontology Agent this semantic interoperability problem is solved.

o Guideline Ageni: The guideline agent.is the main entity which executes the
Clinical practice guidelines. The Guideline agent processes the guideline def-
inition specialized to a patient and executes the activities specified in the
guideline definition. It can be thought a8 the enactment engine for the clinical
guideline. The guideline agent exploits several modular handlers.to #ichieve
this responsibility.

s Monitoring Agent: While the guideline ig executed, the current status of
the: guideline execution is sent to a -specific agent -which we call Monitoring
Agent. Monitoring Agent provides an interface to the Clinical Practitioners
to visualize the execution of the guideline.

s Alorm. Distribution Agent; While the guideline is executed, several alarms,
notifications, reminders may need to be issued to medical practitioners, and
when necessary to the patient relatives. In such cases the alarm message and
the role to whom the message should be delivered is‘informed to an agent,
the Alarm Distribution Agent, which is specifically designated to distribute
these messages to the necessary recipients in the most efficient and reliable
way.

For implementing the SAPHIRE Multi Agent system we have utilized the
JADE {24] agent development platform. In the following sections the functionalities
of the SAPHIRE Agents will be detailed.

3.1. EHR Agent

As presented in section 2, accessing the Electronic Healthcare Records of the pa-
tient is an indispensable requirement for automatic remote monitoring of the pa-
tient. However the EHR's of a patient.may be stored separately in each healthcare
institute s/he has been previously hospitalized. In SAPHIRE Architecture, the
healtheare institutes that cooperate for the care ol a patient are grouped as Clini-
cal Affinity domains. These clinical athnity domains may have agreed on different
platforms for sharing the EHRs of the patient that are not interoperable with
each other. This is in fact a real life situation: in UK as the national health
infrastructure, a central architecture called SPINE {25] will be used for sharing
medical summaries of patients, while in Canada, an THE-XDS based infrastruc-
ture is being built for the same purpose [26]. To abstract the access to the EHR
from: the Clinical Guideline Execution Environment, we have created a dedicated
agent; the EHR agent for each such affinity domain. EHR agent can be thought
as a gateway for locating and accessing EHRs of the patients. Each EHR agent
is-specialized in the platform agreed in that affinity domain for sharing EHRs.
When a request for discovering and requesting an EHR document is received by
an-EHR ‘agent, the EHR agent both tries to locate the EHR document within its
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affinity domain, through the methodology agreed by the clinical affinity domain
such as IHE-XDS, and also forwards the request to the EHR agents of the other
clinical affinity domains. In this way, the EHR documents will be available to
the requesting entity, although heterogeneous systems are used by different affin-
ity domains. In our architecture, we have implemented EHR agents accessing the
IHE-XDS EHR Registry/Repositories: When a specific EHR of a specific patient
is saught, an EHR Discovery message is sent to the EHR Agent. In this message,
the patient identifier is presented and the document type metadata is specified
with “LOINC Document Type Codes” such as “11450-4” for “Active Problems”.
Using this metadata, and the patient identifier, a “QueryDocument” transaction
is issued to the XDS Registry, and as a response a set of Document Identifiers
pointing to document stored in. EHR Repositories is presented. These document
identifiers are used to access the document content from the Repositories by issuing
a “RetrieveDocument” transaction.

Apart from locating and retrieving EHR documents, EHR agents also serve
another important feature: retrieving a specific piece of information from the EHR
content. The EHR content standard agreed by each clinical affinity domain may be
different, however the EHR agent of that domain, is capable of processing the doc-
ument format agreed and extract the requested piece of information in the format
requested by the Clinical guideline execution environment. As presented in section
2, in our architecture, we are using HL7 CDA documents as EHR documents, and
in our implementation, we have implemented an EHR agent that is capable of
processing the CDA document, locate the requested piece of information among
the CDA Entries, and present it to the requesting entity.

In the EHR access request sent to the EHR Agent, the semantics of the
piece of information requested is also specified with coded terms. For example,
the Clinical Guideline Execution Environment is in need of discovering whether
the patient has previously experienced “asthma”. In the request sent to the EHR
agent, besides the document type code for “Past illnesses”, the coded term rep-
resenting “asthma” is also specified for example as “C0004096” in UMLS medical
terminology. In the CDA document all the entries are also annotated with coded
terms, however another code from a different terminology may have been used
for identifying the same entry in the CDA document which could be the “J45”
term from ICD-10 terminology. To solve this interoperability problem, the EHR
agent consults to the Ontology agent, and receives an answer to its translation
request. In this way although different medical terminologies may have been used,
the requested part of the EHR can be extracted from the whole EHR document.

3.2. Ontology Agent

The Ontology Agent in SAPHIRE Architecture is responsible for handling the
semantic mediation of the clinical content used in SAPHIRE Architecture. It is
used for the following purposes as presented in Figure 2:

o Mapping the parameters of Medical Web Services: In the SAPHIRE Architec-
ture, the guideline execution environment uses a reference information model
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FIGURE 2. The SAPHIRE Ontology Agent

based on HL7 RIM subset to represent the clinical information. However, it
is a fact that several other standards or even propriety formats may be used
by the healthcare institutes to represent clinical information. The guideline
execution environment needs to communicate with the hospital information
systems to reflect the results of gnideline execution. For example, the guide-
line execution can result with a proposal of prescription of a medication to
the patient; in this case this information may need to be stored to the hospital
information system to affect the clinical workflow. In SAPHIRE architecture,
these kinds of interactions are handled through the Web services exposed by
the healthcare institutes. However it is natural that the parameters of these
Web services are conforming to the messaging and content standards used
within the hospital, not to the one used in the guideline execution environ-
ment. Whenever the Guideline Agent needs to invoke a Medical Web Service,
it consults with the Ontology Agenst and the input parameters are automati-
cally mediated to the messaging and content standards used by the hospital.
The same mechanism is used for mapping the output parameters.

* Mapping the parameters of Sensor Web Services: In the SAPHIRE Architec-
ture, the guideline execution environment represents the sensor data to be
used in guideline execution in the same reference information model based
on HL7 RIM. Currently in our architecture the sensor data will be exposed

*
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as Web services which represent the data in IEEE 11073 DIM. Whenever a
data is received form a Sensor Web Service, the Guideline Agent consults with
the Ontology Agent to mediate the sensor data to the reference information
medel used in-the guidelite execution environment.

o Mapping the content of the Electronic Heglthcare Records of the Patient: In
the SAPHIRE architecture the Electronic Healthcare Records of the patients
arerepresented as HLY CDA documents. In HL7 CDA, the document sections
and entities-can be coded with coded terms From different coding schemes.
In SAPHIRE, in the guideline definition model the EHR data can also be
annotated swith concepts from ontologies or coding schemes. Whenever dif-
ferent: coding scheme standards are used, the Ontology Agent i§ consulted
for-meédiation. Since the Guideline Agent cooperates with the EHR Agent
whenever an EHR content is necessary, the mediation request to' Ontology
Agent is sent by the EHR Agent.
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The Ontology Agent is compliant with the FIPA Ontology Service Specifi-
cations [27]. According to FIPA Specification an Ontology Agent is an agent that
provides access to one or more ontology servers and which provide ontology ser-
vices to-an-agent community. The Ontology Agent (OA) is responsible for the one
or some of these services:

¢ maintain (for example, register with the DF, upload, download, and modify)
a set of public entologies,

e translate expressions between different ontologies and/or different content
languages,

e respond to query for relationships between terms or between ontologies,

The FIPA Specification deals with a standard way to serve the ontology ser-
vices; it does not mandate any mechanism on how to map the ontologies to one
another. As well as all the other agents, the OA registers its service with the
Directory Facilitator (DF) and it also registers the list of maintained ontologies
and their translation capabilities in order to allow agents to query the DF for
the specific OA that manages a specific ontology. Being ¢ompliant with the FIPA
Ontology Service Specification necessitates the Ontology Agent to be able to ac-
cept and respond to the ontology service requests in FIPA-Ontol-Service-Ontology
ontology. An example translation request and response is presented in Figure 3.

As presented the FIPA Ontology Service Specification does not deal with
how the mapping is facilitated. In the SAPHIRE Architecture, the mapping is
facilitated through three different mediation mechanisms (Figure 2):

o Mapping the parameters of Medical Web Services: In one of our previous
projects, Artemis [28], we have developed an OWL Ontology Mapping Tool,
the OWLmt (29], to mediate the input and output parameters of medical
Web services between different standards. The SAPHIRE Ontology Agent
handles such mapping requests through the OWLmt tool. The OWLmt. tool
provides a graphical interface to define the mapping patterns between OWL
ontologies in different structures but with an overlapping content. This map-
ping definition is used to automatically. translate ontology instances to one
another. In SAPHIRE, the schemas of Web service messages, and the schema
of the Reference Information Model used by the clinical guideline execution
environment are lifted to metamodel level and and represented as OWL on-
tologies. Then through the OWLmt GUI, the mapping relationships between
them is defined graphically once, which will be used by the OWLmt Mapping
engine to mediate the Web service parameters to the reference information
model understood by the clinical guideline execution environment. For the
details of the OWLmt tool, please refer to [29], where detailed examples of
mapping definitions from medical domain are presented.

o Mapping the terminologies used in Clinical Document Content: The SAPHIRE
Ontology Agent handles such requests through a Web service exposing the
functionalities of the UMLS Knowledge Source Server [30] . The UMLS
Metathesaurus contains information about biomedical concepts and terms
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Ficuri 4. The SAPHIRE Agent Factory GUI

from many controlled vocabularies and classifications used in patient records,
administrative health data, bibliographic and full-text databases, and expert
system. These are referred to as the “source vocabularies” of the Metathe-
saurus. The Metathesaurus reflects and preserves the meanings, concept names,
and relationships from its source vocabularies. The UMLS Knowledge Sources
are also downloadable as databases in UMLS Site. In SAPHIRE architecture,
we have implemented a Web service that queries the local UMLS database,
for finding the synonyms of clinical terms. synonym terms in 1CD16, LOINC
and SNOMED C'T if there are any.

o Mapping the parameters of Sensor Web Services: As presented in Section 2
the Sensor data is exposed as Web. services in' IEEE 11073 DIM. However
this_information: in DIM, should be translated to HL7 RIM which is used
by the clinical guideline execution environment. The IEEE 11073 Standards
family -names this level as “Observation Reporting Interface”, and provides
guidelines to map the IEEE 11073 DIM to the HLT7 observation reporting
messages, segments, and fields. The SAPHIRE Ontology agent implements
these guidelines to handle this mediation.
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3.3. Agent Factory Agent

In the SAPHIRE Architecture the agent that is responsible for leading the de-
ploying a generic clinical guideline definition to a specific patient in a healthcare
institution is the Agent Factory Agent.

In SAPHIRE, we have selected GLIF (Guide Line Interchange Format) [3] as
the computer interpretable model of clinical guidelines. However GLIF was origi-
nally developed as a standard representation model for sharing guidelines among
different healthcare institutes, rather than automatically deploying clinical guide-
lines to a healthcare institute. For example, when clinical information is needed
to be retrieved, in the original GLIF, only “EHR” or “Doctor” can be represented
as the source of clinical information. It is apparent that with this amount of in-
formation it is not possible to use it as an executable model of clinical guidelines.
This necessity as the “requirement for an implementable representation” is also
specified in GLIF’s latest specification as a future work.

Within the scope of SAPHIRE project, we have extended the original GLIF
model, and semantically annotated the external interfaces of the guideline exe-
cution environment with EHR systems, Medical sensor devices and Healthcare
Information Systems so that the required resources such as EHR documents can
be dynamically discovered in the deployment phase. We have extended the model
80 that:

o the functionality of the medical procedures to be interacted can be specified
through ontologies.

e both the type of the EHR document sought, and also the type of the piece
of information looked for in the EHR document can be specified through
ontologies or medical terminologies.

¢ the kind of vital signs can be specified through a coded term in reference to a
terminology identifying medical measurements such as IEEE 11073 Nomen-
clature.

The details of this extension can be found in [31, 32].

The Agent Factory Agent processes the clinical guideline definitions repre-
sented in our extended model, and based on the semantic annotations of the ex-
ternal resources, discovers the instances of the specified resources that are relevant
for our specific patient. This process can be summarized as follows:

s In SAPHIRE architecture, the medical Web services exposing functionalities
of healthcare information systems, and also the sensor Web services exposing
the sensor data retrieved from wireless medical sensor devices are published
to a UDDI registry by annotating them with their functionality semantics.
Whenever the Agent Factory encounters a reference to a medical procedure,
it locates the medical procedures from UDDI service registries by their func-
tionality which has been specified in the extended GLIF model.

o Whenever the Agent Factory encounters a reference to a clinical data of
patient to be retrieved from an EHR document, it sends a message to the EHR
agent presenting the Document type, and Entry type semantics presented in
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Fiaure 5. The SAPHIRE Guideline Agent Handlers

the extended GLIF model. As a response a set of document identifiers are
received pointing to relevant EHR documents.

In addition to that, in the extended ‘GLIF model, we have also reserved
slots for storing the pointers to the discovered resources, for example, document
identifiers in EHR repositories, the WSDL and OWL-S files of Web services. As a
result of the deployment phase briefly presented, the agent factory specializes the
generic guideline dehnition to a patient by filling in these slots.

Whenever the clinical guideline is-wished to be executed for remote mon-
itoring of a specific patient, the Agent Factory Agent instantiates a dedicated
Guideline Agent for a specific guideline patient pair. In addition to this, the Agent
Factory Agent informs the Monitoring Agent, about this instantiation, so that the
execution of the remote monitoring process can be traced by clinical practitioners.

3.4. Guideline Agent

Guideline agent is the leading agent that coordinates the execution of the clinical
guideline definition for remote monitoring of the patients. SAPHIRE Guideline
agent is capable of processing any guideline definition represented in the extended
GLIF model; and execute the giideline in cooperation with the other entities of
SAPHIRE Multi Agent System. As presented in Figure 5, the guideline defini-
tion is:composed of a number of building blocks, for each building block we have
implemented modular handlers: The SAPHIRE Guideline Agent behavior is imple-
mented to process the extended guideline definition and instantiate these modular
handlers-as follows:
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e The main body of a clinical guideline is represented in the “Algorithm” build-
ing block. “Patient State steps” are not executable, can be though as labels
for current situation of the patient. The “Branch and Synchronization Steps”
coordinate the execution of serial or parallel execution of algorithm branches.
The “Decision Steps” coordinate the control flow of the guideline, by eval-
uating the expressions on patient state. In SAPHIRE, the expressions are
represented as Java Scripts using the content of the EHR documents and
vital signs received from sensors as parameters.

e The “Medically Oriented Actions” represent the medical Web services in
the extended GLIF definition. The guideline agent extracts the WSDL of
the Web service from the guideline definition specialized to a patient by the
Agent Factory Agent. The Guideline agent prepares the input parameters in
HL7 RIM, since GLIF uses this RIM for representing clinical data. While the
Web services are discovered from the UDDI registry by the Agent Factory,
the OWL-S files of the Web services are also retrieved and saved to the
specialized guideline definition. Using this OWL-S file, the Guideline agent
checks the semantics of the input/out parameters, and sends a translation
request to the Ontology Agent to translate the input messages from the HL7
RIM to the message schema specified in the OWL-S file. The same procedure
is repeated when the output is received from the Web service.

e The “Get Data Actions” can be used to represent either references to EHR
document or to vital signs of the patient to be retrieved from wireless medical
sensor devices through Sensor Web services. The Sensor Web services are also
invoked as the Medical Web service, by contacting with the Ontology Agent
to mediate the input and output parameters.

Whenever a reference to a clinical information presented in an EHR doc-
ument is encountered by the Guideline Agent in the guideline definition, the
Guideline Agent sends a request to the EHR agent, with the document identi-
fiers previously filled by the Agent Factory Agent, and also with the semantic
annotation of the clinical data to be extracted from the EHR document. As
presented, the EHR agent parses the document, consults to Ontology agent
when necessary to reconciliate the coded terms one another, and as a re-
sponse sends the requested content in HL7 RIM to the Guideline Agent. The
Guideline Agent stores all of these clinical data, sensor data to a global vari-
able pool, so that other handlers such as “Decision Step Handler” can make
use of them when necessary.

e The “Message Actions” are used to generate alarm messages within the clini-
cal guideline execution. When the Guideline Agent encounters a “Message Ac-
tion” during clinical guideline execution; it immediately constructs an alarm
message by combining information coming through guideline definition and
agent properties. Alarm message, healthcare role id to whom the message is
to be delivered and alarm urgency parameters are retrieved from guideline
definition whereas patient and guideline ids are retrieved from agent proper-
ties. The constructed alarm messages are transmitted to “Alarm Distribution
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" Agent”, which actuates the delivery. The transissjon is performed through
JADE [24] messaging and ontology facilities.

3.5. Alarm Distribution Agent

Alarm Distribution Agent is responsible from accurate and punctual delivery of
alarm messages to the healthcare users. It triggers the distribution of the alarms
when it receives such a request from the Guideline Agent.

Alarm Distribution Agent employs a role based delivery mechanism, in ‘which
the real responsible healthcare users for a patient-guideline pair are determined
based to the role id indicated by the alarm message. There are four pre-determined
role ids which are administrator, doctor, nurse and patient relative. Through a weh
based interface, the healthcare users can subscribe to receive alarm messages re-
lated with a specific patient guideline pair. Alarm messages are delivered to the
users through three different mediums: SMS, GoogleTalk Instant Messaging and
secure e-mail. The users can customize their preferences for receiving alarm mes-
sages in different urgencies (medinm type, number of deliveries, acknowledgement
requirement, routing option etc.) through a web based user interface. User prefer-
ences are stored as JESS [33] rules. These rules are executed in delivery time and
the delivery terms are determined.

Acknowledgement facility is a confirmation mechanism in order to ensure reli-
able delivery of the alarm messages. With this option, users are required to confirm
that they have received the alarm messages. For e-mail and Instant Messaging, the
acknowledgment method is simply replying to the message; SMS acknowledgment
is realized through-delivery confirmiation message. In case that the message is not
acknowledged, it is re-sent to the user for a number of times determined based
onr‘user preferences; if the message is still unacknowledged; it is routed to another
healthcare user which is specified by the healthcare user.

3.6. Monitoring Agent

Monitoring Agent presents a graphical user interface to the healtheare users for
clinical guidelines. Through the Monitoring Agent Interface; healthcare users can
start/stop and monitor the execution of ¢linical guidelines by interacting with the
guideline agent. In addition to these, guideline agent can consult t6 the healthcare
professionals’ decisions through this component.

Guideline execution is monitored on a tiger friendly interface which is com-
posed of three.parts. The main part of the interface depicts the flowchart of the
clinical guideline model, whereas the others are for the message sequence and leg-
end of the flowchart. Guideline execution can be traced on the fowchart model.
The status of the guideline steps (committed /ongoing/ not visited) are identified
with different colors. User can click on the steps to get detailed information about
the step.In the detailed information screen, user can view the tasks, retrieved pa-
tient data (sensor, EHR etc.) and the invoked medical services within these tasks.
In-case that, the medical experts decision is needed, Monitoring Agent displays a
pop-up window for consulting. In this way, input is provided for Guideline Agent.
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The communication between Monitoring Agent and Guideline Agent is realized
via JADE[24] messages. The messages are implemented i JADE ontologies in
order to structure a well defined message format for monitoring and consulting,
The communication between agents is based on a publish-subscribe mechanism in
which multiple monitoring agents can be snbsul})(‘(l to one single Guideline Agent.

Apart from these, an important outcome of the Monitori ing Agent is the
visual model that it provides for clinical guidelines. This visual flow-chart model
can be utilized as an educative medium in training healthcare professionals.

4. Conclusion

The architecture described in this paper is realized within the scope of IST-27074
SAPHIRE project. The prototype implementation is achieved using JADE Agent
Platform.

The SAPHIRE has two pilot applications: in the hospital pilot we address
the bedside monitoring of subacute phase of the patients suffering from myocardial
infarction; in the homecare scenario we address the homecare monitoring of the
rehabilitation of the cardiovascular patients indergone a revascularization therapy.
A more detailed discussion of SAPHIRE pilot applications can be found i n [34].
Through these pilot applications, the system aims to increase adherence to the
guidelines, hence provide standardization to care processes, to reduce costs of care
with optimal benefit for the patient and doctor, to reduce human error in hospital
events/complications and finally to provide a feedback system for medical staff in
training.
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A Semantically Enriched Clinical ‘Guideline Model
Enabling Deployment in Heterogeneous Healthcare

Environments
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Abstract—

Clinical guidelines are developed to: assist healtheare practi-
tioners to make decisions on a patient’s medical problems and
as such they communicate with external applications to retrieve
patient data, to initiate medical actions through clinical workflows
and. to transmit information to alert/reminder systems. The
interoperability problems in-the healthcare IT domali prevent
wider deployment of clinical guidelines because each deployment
requires a tedious custom adaptation phase.

In this article, we provide machine processable mechanisms
that express the semantics of clinical guideline interfaces so that
automated processes can be used to access the clinical resourees
for guideline deployment and execution. To be able to deploy
the semantically extended guidelines to heslthcare settings semi-
automatically, the underlying application’s semantics must also
be available. We describe how this can be achieved based on
two.prominent implementation technologies in use in the eHealth
demain: Integrating Healthcare Enterprise (IHE) Cross. Enter-
prise Document Sharing Integration Profile (XDS) for discovering
and exchanging Electronic Healthcare Records (EHRs) and Web
service technology for interacting with the clinical workflows and
wireless medical sensor ‘devices. The system described in this
arficle is realized within the scope of the SAPHIRE Project.

Index Terms— Semantically Enriched clinical guidelines; Semi-
automatic deployment and: execution of guidelines, Semantic
mediation

L. INTRODUCTION

Clinical guidelines are systematically developed statsments
to assist general practitioners in making clinical decisions and
managing medical actionis more effectively [1]. They usually
include plans for treatment. and ‘are used-in developing the
Clinical Decision Suppotrt systems.

Clinical guidelines aim to reduce interpractice: variations
and the cost of the ‘medical $ervices, improve the quality
of care and standardize clinical procedures [2]. A variety of
government and professional orpanizations are producing and
disseminating clinical guidelines [3], [4], [5]. However despite
the benefits they provide, it is 2 well accepted fact that wider
adoption of computerized clinical practice guidelines is yet
to be realized: The reasons can be summarized as “the fail:
ure of integration of ‘guideline implementations with clinical
workflows” [6], [7] and “the complexity of fully integrated
decision support systems due to the nature of heterogeneous

Gokee B. Laleci and. Asuman Dogac are with the Middle. East Technical
University, Ankara, Turkey ;

This work is supported by the European Commission through IST-27074
SAPHIRE project and in part by the Scientific and Technical Research Council
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set of clinical applications need to be involved in the decision
process” [8].

Several computer interpretable models of Clinical Guide-
lines have been proposed such as GLIF [9], ASBRU [10],
ARDEN [11], GUIDE [12] and EON T13]. Additionally,
there are several guideline execution engines processing these
models, such as GLEE [14], GLARE [15] and DeGel {16]
demonstrating that the guideline definitions can be executed
to automate the decision making process. However, these
execution engines often address the automation in a single
homogeneous healthcare organization and custom adaptation
phases are required to communicate with clinical applications
such as for accessing the patient records or invoking medical
services, This lack of integration support in the guideline rep-
resentation languages and guideline execution environments is
stated- in GLIF specifications {9] as follows: “There is a need
for an implementable. specification that can be incorporated
into an institutional system where the actions. specified must
be mapped to institutional procedures and the patient data
references must be mapped to the electronic medical records
of the underlying system”.

In this paper, we address this interoperability problem
by developing a semantically enriched ‘guideline model that
enables the specification of enough level of semantics to fa-
cilitate semi-automatic deployment of guidelines. Furthermore
a semantic infrastructure based on widely accepted healthcare
standards is described for the semi-automatic deployment
and automated execution of guidelines using the semantics
encoded in' ‘the guideline model proposed. We choose ‘to
semantically enrich the Guidel.ine Interchange Format (GLIF)
since. GLIF ‘model is' formally expressed as an ontology.
We extend this ontology. to describe the semantics: of GLIF
execution steps based on the domain knowledge exposed by
the related prominent healthcare 1T standards as follows:

s Accessing the Content of Electronic Healthcare Records
(EHRs): The most prominent EHR standards are .the
Health Level 7 (HL7) Clinical Document Architecture
(CDA) [17] and the European Committee for Standard-
ization (CEN) EN 13606-1 EHRcom [18]. Investigating
these standards reveals that to locate an EHR document
and to extract the requested patient clinical information

. from the EHR document, the semantics nieeds to be expli-
cated at two levels: at the EHR document semantics level
to:discover the related EHR and at the entry semantics
level to extract the clinical statement requested: by the
guideline.
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o Accessing the medical services: The success of a clinical

guideline execution system widely depends on how well
it is integrated with the clinical workflow running in
healthcare organizations. Previous efforts either did not
attempt to define the semantics of clinical workflow
interfaces of guidelines, or identified a number of fixed
event types that should be manually bound to the events
supported by the underlying clinical workflow. We choose
to define the operational semantics of medical services
through ontologies, and to use this semantics to semi-
automatically discover and bind the services of the clin-
ical workflows to guideline execution environment. To
define this ontology, we use well-established standards
in the healthcare domain: for representing the semantics
of clinical workflow services we exploited HL7 [19],
which has categorized the events in healthcare domain
by considering service functionality.
Furthermore during the execution of a guideline, there
are decision points where the vital signs of a patient
are needed. Currently wireless medical sensor devices
are widely used both in hospital and in homecare set-
tings. Representing the operational semantics of services
through an ontology enables us to extend the types of
events that can be described in a guideline definition:
in our functionality ontology we define the semantics of
sensor services through the nomenclature codes defined
by the IEEE 11073-10101 standard [20] for medical
devices.

Providing the semantics of guideline execution steps solves
only one part of the problem: when deploying the extended
guideline model over existing clinical applications, the under-
lying applications’ semantics must also be available so that
matches can be discovered. Therefore the extended guideline
model i1s complemented with a deployment and execution
architecture by exposing the semantics of underlying clinical
applications. Our aim is to enable the semi-automatic deploy-
ment and automatic execution of clinical guidelines in real life
settings and this can be successful only if the implementation
layer is based on open standards enabling interoperability [21].
Hence we based our deployment and execution architecture
on widely accepted healthcare and IT standards supporting
interoperability: Integrating Healthcare Enterprise (IHE) Cross
Enterprise Document Sharing Integration Profile (XDS) [22
for discovering and exchanging Electronic Healthcare Records
(EHRs) and the Web service technology for interacting with
the clinical workflows. In this layer, we show that the se-
mantics exposed by the prominent healthcare IT standards
can be used to match the semantics of the guideline actions
defined in the extended model for deploying the guidelines
semi-automatically and for executing them automatically.

The system described in this paper is realized within the
scope of the SAPHIRE Project [23] and is deployed through
two pilot applications, one in a hospital environment and
another for homecare [24].

The paper is organized as follows: In Section I, the GLIF
guideline representation formalism is introduced briefly. In
Section III, the semantic extensions we propose to the GLIF
model are described and the deployment and the execution

[

layers exploiting the extended guideline model are presented.
Related work is.described in Section IV. Finally Section V
concludes the paper. - ¢

II. GLIF

The extended guideline model we describe in this paper
1s based on the GLIF (GuideLine Interchange Format) which
is proposed as a standard representation model for sharing
guidelines among different healthcare organizations [9]. In the
GLIF model, clinical guidelines are represented as instances
of a formal model called guideline. A part of the GLIF model
is given in Figure 1.

- B
[ Guidefine | Algorithm ActionStep ProgrammingOriented Message
Action H Action
! e DecisionStep MedicallyOriented GetData
Eligibility Action Action J
Criteria

SubGuideline |
Action

1 BranchStep

ynchronization

1 Step |
PatientState
Step

Fig. 1. A Part of the GLIF Model

The clinical process is represented through an algorithm,
which is a flowchart of guideline steps, including:

» An Action step is used for modeling actions to be per-
formed which may include two types of tasks: medically
oriented actions such as recommendation for a particular
course of treatment, or programming-oriented actions
such as retrieving data from an electronic patient record.

« A Decision step represents decision points in the guide-
line defined in terms of formal expressions.

o The Branch and Synchronization steps allow modeling
multiple simultaneous paths through the guideline.

« A Fatient state step allows labeling patient states.

The GLIF Model represents the guidelines in three layers.
The formal flowchart model described above (the Core GLIF
model) constitutes the “Level A” or the conceptual level of
the representation. GLIF proposes that in the second leve!l of
abstraction, that is, in “Level B”, the medical concepts, the
clinical data definitions, and the logical criteria in terms of
the clinical data definitions should be defined formally.

Clinical data in GLIF is represented as data items. For rep-
resenting clinical data items, GLIF supports the use of a Ref-
erence Information Model derived from HL7 RIM (USAM)
[25]. This enables the formal definition of high level Parient
data items such as Medication, Observation, or Procedure.

The medical concepis are used to annotate the data items to
relate them with the well known medical terms. The medical
concepts are defined through the wple <conceptName, con-
ceptlD, conceptSource>». For example, the “chronic cough”
concept can be represented through the following tuple
< chronic cough, C0010201, UMLS> in reference to Unified
Medical Language System (UMLS) semantic network [26].

GLIF uses these two levels of abstractions to represent
a guideline definition as follows: Assume an overly simpli-
fied guideline that decides whether to prescribe “Aspirin” or
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“Clopidogrel” as a firstline medication to a patient who is
suffering from myocardial infarction. The first guideline step
in the guideline’s “algorithm’ can be an “action step” where it
isnecessary to gather data from patient’s Electronic Healthcare
Record (EHR). The tasks included in this “action step” are
two “get data actions”. The first “get data action” instance
as-shown in Figure 2 is to discover whether the patient is
currently using the medication “Aspirin”. This action states
that the information should be retrieved from the “EHR” (also
termed as Electronic Medical Record, EMR). The second “get
data action” is for accessing the contraindications of the patient
to the medication “Aspirin”. After executing these actions,
through a “Decision Step”, it is checked whether it is advisable
to prescribe Aspirin to the patient as presented in Figure 2, in
the “OrderAspirin” medically oriented action.

MedicallyOriented Action lnstance
GetDataAction fnstance
nimme: OrderAspirin
medical_task:
atvibiteTobedssighed:  dua_vaiue = W'
fel: i heats LiteraiDataltem Iostance
dat : EMR
u_fuume’r)pe 2
daio Jient; = duta_madel_class: medication
¥ pame:. . Aspiri data_mode siriree: USAM
: C0004057
VariubleDataltem Jostance vt deta_yatue:
Fouree!
ame: Axpirin = oomcept: |
dota proutel cliss;’ . vivedication L
data_wmodel_spurce: USAM Medication Intance
dsta_volve; Ta be Filled
concept: Sm‘oe_cd‘-—-’
ioodCadke: order
route code; - sublingual
dosageQuimiity:

Fig. 2. “An Example Get Data Action retrieving Aspitin Medication Status
and an Example Medically Oriented Action Ordering Aspirin’ Prescription

As ‘presented in this ‘example, through GLIF Levels “A”
and “B”; a guideline is defined only at the conceptual level,
as a sharable guideline model between medical practitioners.
In other words, how this model can be executed at a specific
healthcare organization, how the EHR of the patient can be
accessed, how the clinical procedures can be discovered and
invoked are not specified. GLIE recognizes this requirement
by defining a third level of abstraction, “Level C” or “Medical
Knowledge Layer”, which aims to provide an implementable
specification that can be incorporated into an institutional
system. For this third level of abstraction, the following needs
have been identified: ™ -

« Interfaces to clinical repositories to retrieve Electronic

Healthcare Records of a patient,
o Interfaces for interacting with applications such as clini-
cal workflows and alert systems.
In the latest GLIF specification, these requirements have been
noted but not addressed.

1. SEMANTICALLY ENRICHED CLINICAL GUIDELINE
MODEL AND THE CORRESPONDING DEPLOYMENT
ARCHITEC TURE

The: essence of extending Gl IE is to provide a machine
processable mechanism that cair express the structure and the
semantics of .its “Medical Kuowledge Layer” so that auto-
mated processes can be used 1o access the clinical resources

for guideline deployment and execution. In our extended
model, we describe the semantics_needed at each guideline
deployment and execution step in-a machine processable way.
The semantics of the proposed exténsions are based on the
standards in use in the healthcare I'T domain.

GetDataAction = (ProgrammingOrientedActionSpecification M

(V dataSourceType.({User} U {EMR})))

MedicallyOrientedAction. = (ActionSpecification. £ (3 medicalTask LiteralDataltem))
MessageAction. = (ActionSpecification M (3 ge.xsd:String))

Concept = (Knowledgeltem 1 (3 conceptiD.xsd:String) M (3 conceptName.xsd:String)
M (3. conceptSource.xsd:String))

Dataltem = (BasicDataType 7 (3 dataValue.Dataltem Value))

PatientData = (DataltemVahe -1 (3 serviceCD Concept))

Observation  (PatientData)

Fig. 3. A Part of the Formal GLIF Medet

As-already mentioned, the formal GLIF model is defined
as an ontology for representing guidelines, medical data and
concepts [27] as shown in Figure 3. In the following sections
we present our semantic extensions iteratively on this model
and also present how they can be utilized for deploying the
clinical guidelines semi-automatically and for automatically
executing them in heterogeneous healthcare settings.

A. Semantically Extending GLIF to Facilitate Accessing the
Electronic Healthcare Record Systems

At various steps in executing a guideline, there is: a need
for a specific patient clinical data. For example, the guideline
may need informatien on whether the patient has previously
suffered from: any. “Corticoadrenal Insufficiency”. To be able
to retrieve this information, first various EHR systems serving
patient clinical data must be discovered from a number of
different healthcare organizations.in which the patient has been
previously treated and- from these EHR Systems, the specific
clinical information, such as “Corticoadrenal Insufficiency”,
must be extracted.

The original GLIF model uses a “GetDataAction” class to
represent data to be retrieved from EHR Systems. However,
since in its. current form GLIF aims. to -create a sharable
guideline definition, rather than a deployable and directly
executable one, the dataSourceType property of this object is
either the String “EMR” or the String “User” as presented in
Figure 3, i.e., it does not have a mechanism to represent how
to access the underlying EHR system,

Currently, the most prominent EHR standards are the Health
Level 7 (HL7) Clinical Document Architecture (CDA) [17]
and the European Committee for Standardization (CEN) EN
13606-1 EHRcom [18]. Investigating these standards reveals
that to locate the EHR document and to extract the piece of
information from the EHR document, the semantics needs to
be explicated at two levels: the EHR document semantics to
discover the document and the entry semantics to extract the
clinical statement requested by the guideline.

In HL7 CDA documents, the type of the EHR document is
presented in the document heading in the code attribute such as
“Discharge Summary Note”. In the document itself'the ¢linical
statements represented as “Entries” that are grouped under
“Sections”, such as “Past Medical History”, “Medications”
and “History of Present Illnesses”. In order to locate an EHR
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A. Extended GLIF Model for Accessing EHRs

Fig. 4. Extending GLIF with further Semantics for Accessing FHRs

document that contains the requested clinical statement, both
the document type semantics and the semantics of the relevant
sections are needed.

Similarly in. EHRCom, the “Compositions” represent a
single EHR document, and the semantics of “Composition”
presents the document type such as “Consultation Note”. The
“Sections” in. EHRCom corresponds to the “Sections” in CDA,
that ‘is, the clinical statements are grouped under “Sections”
such as “Adverse Reactions” and “Family Clinical History”
based on their semantics. As in the CDA, in the EHRCom the
“Composition” semantics together with the “Section” seman-
tics represent the EHR semantics. The entry semantics, on the
other hand, is readily provided by both of these standards.

In order to embed this semantics into GLIF “GetDataAc-
tion” class, first the range of the dataSourceType property is
made to point to a newly defined “EHREntity” class in our
extended model as shown in Figure 4 (The dashed boxes are
the classes from the original GLIF Model). Then the following
properties are defined for the “EHREntity” class:

» ehrSemantics property is used for annotating an EHR
document with nodes from clinical terminologies or on-
tologies. As the range of this property, the “Concept”
class (Figure 3) defined in GLIF is selected. In this
way; 1t becomes possible to specify the EHR document
and section semantics with formally defined terms from
terminology systems. For example, the Document Type
Code of LOINC can be used to specify this semantics
with the following instance of the “Concept” class: <Past
Medical History, 11348-0, LOINC>. This property can
have multiple values, that is, in.an “EHREntity” instance
definition; the document type semantics and the semantics
of the sections. it contains can be specified through
multiple instances of ehrSemantics property as presented
in Figure 4.

The entrySemantics property is introduced for annotating
the EHR entry semantics. The range of this property
is selected as the “Dataltem” class as defined in GLIF

~C154,, Corticoadrenat

B. EHRSs stored in Real Life Systems

GetDataAction = (ProgrammingOrientedActionSpecification 1
(3 dataSourceType EHR Entity))

EHREntity = (MedicalKnowledgeLayer M

(3 ehrSemantics.Concept) M (3 entrySemantics. Dataltem))

Fig. 5. The Formal Description of GetDataAction and EHREntity in the
Extended GLIF Model

(formally presented in Figure 3). The dataValue property
of “Dataltem” class in GLIF is specialized to the “Patient-
Data” class which is further specialized to “Observation”,
“Medication”, and “Procedure” classes. “PatientData”
class has a property called service.cd inherited from
HL7 RIM, whose range is the “Concept” class as shown
in Figure 4. Through the instances of the “Concept”
class, we represent the semantics of EHR entries, such
as < Corticoadrenal Insufficiency, C154., READ>.

A formal description of these extensions is given in 5.

B. Exploiting the EHREntity Semantics to locate and access
Electronic Healthcare Records

Through the extended GLIF Model, we are able express
the detailed semantics of what the guideline deployment and
execution engine expects from the underlying EHR systems.
In this section, we describe how this semantics can be ex-
ploited to locate and process machine processable Electronic
Healthcare Records of the patient. We base the underlying
semantic deployment architecture on a prominent initiative for
sharing EHRs which is the Integrating Healthcare Enterprise
(IHE) Cross Enterprise Document Sharing Integration Profile
(XDS) [22]. This profile has received considerable attention
and appeared in the National eHealth System blueprints of
Canada, Italy, Norway and France.

In the THE XDS Profile, healthcare enterprises that agree
to work together for clinical document sharing are called
a “Clinical Affinity Domain”. In each affinity domain, the
healthcare organizations store the medical documents of the
patients to “Document Repositories” of their choice. There
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is a “Document Registry” which is responsible for storing
metadata about those documents so that the documents of
interest for the care of a patient can be easily discovered,
selecied and retrieved irrespective of the repository where
they are actually stored. The document repositories register
the documents along with a set of metadata to the Document
Registry.

The extended GLIF Model is deployed on the THE XDS
layer as follows:

+ Thefirst step is: 1o devise  mechanisms ‘to locate “the

relevant: Electronic ‘Healthcare Records of a patient. The
use of patient-identifiers is the accepted practice for locat-
ing patient EHRs. However; each organization may (and
typically will) have a different patient identifier domain.
Additionally, in* the THE XDS profile; the: Document
Registry also assigns.a unique ID-to the patient when
a document of the patient is registered. "To resolve the
different patient identifiers assigned to a‘patient, we use
IHE "Patient Identity - Cross-referencing” (PIX) Profile
122]. PIX Managers facilitale the mappings between the
loeal patient ‘identifiers and the identifiers used in the
DocumentRegistry,
After identfying the correct patient identifier, the “ehrSe-
mantics” property in the guideline definition is processed.
Consider, for instance, the example given in Figure 4,
where the LOINC code “11348-0" is used fo indicate
that the metadata of the EHR is “PastMedicalHistory”.
To locate the relevant EHR document references, a
“queryRegistry” transaction is issued to IHE Document
Registry. As a response, the list of document references
is returned. In this way these documents can be retrieved
from the Repository through the “retrieveDocument” [HE
transaction, while the guideline is executed.

o After ‘the required EHR is located through the XDS
Registries, in order to execute the clinical guidelines,
there is a need to extract a specific clinical statement from
the EHR of the patient. For example, the guideline may
need information on whether the patient has experienced
any “corticoadrenal insufficiency” previously, From the
retrieved EHR, this specific clinical information must be
extracted, It is clear that to achieve this, the EHR must be
available in a machine processable content standard such
as CEN EHRcom [18] or HL.7 CDA [17]. In addition to
this, since different EHR document formats and coding
sechemes can be used fo represent the EHR content, there
should be a semantic mediation mechanism available to
use the data retrieved from the documents.

Inthe following, we describe how clinical statement data
can be extracted from a machine processable EHR by using
semantic mechanisms proposed in this work. First we give
an insight to the problem through an example based on HL7
CDA [17] In Figure 4, on the right hand side, a part of a
sample HL7 CDA document is: given.:In this document, the
semantics of a section is annotated with the “11348-07code
from LOINC to describe that this section is about the “Past
Medical History”. Additionally each entry is’ an instance of
HL7 RIM classes such as the “Observation” class, and their

content is also annotated with coded terms. For example, in
one of the “Observation” class instances, the MeSH code
“D000224” is used to indicate that the patient has suffered
from “Addison Disease”.

On the other hand, as presented in Figure 4 in the extended
GLIF “GetDataAction” class, the type of the data to be
extracted from the EHR document is specified through the
“ehrSemantics” and “entrySemantics” attributes.

+ f(glifCS!="DocCS) then
targetSectionSemantieCategory= map(glifSectionSemanticCategory, ghfCS,DocCS);
else targetSecti icCategory=ghifSecti nticCategory;

Section targetSection = sectioplmport{EHR Doc targetSectionSemanticCategory )
Entry targetEntry = discreteDatalmport({targetSection,glifEntry SemanticCatégory,glifCS);

funection discreteDatalmportitargetSection, glifEntrySemanticCategory,glifts)
forall Entry e in targetSection
{entryCS=(e getCode(}).getCS3();
iffentryCBl= g lCS) then
targetS ticCategory= map(entryS ieCategory,entryCS,gHCS);
else targetSemanticCategory=entrySemanticCategory:
+f (targetSemanticCategory == glifEntrySemanticCategory)
then return &

¥

Fig. 6, The Discrete Data Import Algorithm in:SAPHIRE

The: algorithm we use in extracting the Clinical Statement
requested in a guideline specification-using the entry semantics
is presented in Figure 6.

First it is necessary to locate the relevant Section of the EHR
document. Then for retrieving the particular Clinical statement
from this Section, the “discreteDatalmport” function in Figure
6.is.used: The coded terms used to annotate the entries in the
CDA document; and the entry semantics in guideline definition
may be different. For example, in the example CDA document
presented.in Figure 4, the entry is annotated with a MesH code
while a READ code is.used to annotate the entry semantics
in-the extended guideline definition:

To “find the correspondences among different coding
schemes, it is pessible fo use a terminology server. A med-
ical ‘terminology. server serves a’ controlled vocabulary for
medical information systems by modeling medical concepts

READ Codes
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Fig. 7. “Term mappings
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in a descriptive manner. Among other functionalities, med-
ical terminology servers handle the mapping of the medi-
cal concepts to Medical classification schemes; through this
facility they also provide translation facilities between the
terms of different classification schemes. GALEN [28] is one
of the first implementations of such a medical terminology
server which defines medical concepts in descriptive logics
supporting subsumption. Another such terminology server is
UMLS: the UMLS Knowledge Source Server Metathesaurus
[26] comprises over one million biomedical concepts and five
million concept names, all of which are from over a hundred
controlled vocabularies and classification systems such as
ICD-9, SNOMED and LOINC, providing a mapping structure
between them. In our architecture a mapping functionality
supporting subsumption is used based on the concepts and
mappings provided by UMLS.

In Figure 7, a part of the UMLS Concept hierarchy and
mappings of these concepts to different terminology systems
is presented as defined by UMLS Knowledge Metathesaurus.
Once such mapping definitions are stored in an ontology
server supporting subsumption, it becomes possible to deduce
implicit relationships and mapping between the terms of
different coding schemes. Our mapping service queries the
Ontology Server bootstrapped with the UMLS concepts and
term mappings to different terminology systems, in order to
discover the respective equivalent terms of the coded terms.

As an example, in Figure 4-A, the READ Code “C154. is
specified as the “entrySemantics” in the GLIF definition, to
be able to check whether the patient has previously suffered
from “Corticoadrenal Insufficiency”. However in the example
CDA document in Figure 4-B, the MeSH codes are used to
represent this semantics.

As seen in the Figure 7, there is a direct mapping between
the term “Ci154.” and UMLS Concept “Adrenal Corticol
Hypofunction, C0405580”, however this term does not have
a direct correspondent in MeSH codes. On the other hand,
from the UMLS Concept hierarchy it is clear that the concept
“Addison’s Disease, C0001403” is a subclass of the UMLS
Concept “Adrenal Corticol Hypofunction, C0405580”, and the
concept “Addison’s Disease, C0001403” has a direct mapping
to the “D000224” term in MeSH. Using the subsumption
relationship between these terms, the mapping service deduces
that the term “Addison’s Diseases, D000224” is in fact “IS-
A” “Corticoadrenal Insufficiency, C154.”. Hence a match in
the CDA document can be found and used in the guideline
execution.

In this way, using the semantics defined in the extended
GLIF model, the related entry can be retrieved seamlessly from
the CDA document, if such a clinical statement exists.

C. Semantically Extending GLIF to Enhance Communication
with Clinical Workflows

GLIF uses the “MedicallyOrientedAction” class to specify
the medical actions or services provided by the underlying
clinical workflow, for example, for prescribing medicine, giv-
ing lab orders or making referrals. Currently these tasks are
specified with the medical task property whose range is the

LiteralDataltem class as presented in Figure 3. As already
mentioned in the example in Section II, the LiteralDataltem
is not capable of describing the semantics of a specific
medical action. In order to be able to define an implementable
guideline specification, it is necessary to propose a solution
that can address the technical interoperability problem capable
of accessing various different clinical workflow systems. Web
service technology is already being used by the Healthcare
Industry as a solution to technical interoperability problem.

When the medical information systems expose their medical
applications as Web services for interacting with the clinical
workflows such as placing lab orders; the endpoints of these
Web services (references to their Web Service Description
Language (WSDL) definitions) can be used in clinical guide-
line definitions. However, in a generic guideline definition that
has not been specialized for a specific patient and a healthcare
organization, it is not feasible to directly refer to the end
point of a Web service. Therefore, we propose to specify
the semantic definitions of the Web services in the guideline
definition rather than the references to their concrete imple-
mentations. This also enables us to find alternative resources
when exceptions are raised in accessing the specified Web
Service in the execution phase.

MedicallyOrientedAction = (ActionSpecification N (3 medicalTask.MedicalActionEntity))

MedicalActionEntity = (MedicalKnowledgeLayer M (3 functionality, Concept) N
(2 input.Dataltem) M (3 output.Dataltem))

Fig. 8. The Formal Description of MedicallyOrientedAction and MedicalAc-
tionEntity in the Extended GLIF Model

To be able to define the semantics of the medical action to be
interacted during the guideline execution, the GLIF model is
extended as follows: First, the “MedicalActionEntity” class is
created as a subclass of “MedicalKnowledgeLayer”. The range
of medicalTask property of the “MedicallyOrientedAction”
class is set to be the “MedicalActionEntity” (Formally defined
in Figure 8 and graphically presented in Figure 9). The
“MedicalActionEntity” class is used to specify the semantics
of the guideline execution steps which correspond to clinical
services.

To describe this semantics, we define a functionality prop-
erty for the “MedicalActionEntity” class whose range is se-
lected as the “Concept” class defined in the GLIF Model. In
this way, it becomes possible to annotate the clinical services
with a node from a clinical terminology or ontology.

To be able to define the semantics of Healthcare services, we
define a functionality ontology based on the UMLS Semantic
Network [26], HL7 event definitions [19], and IEEE 11073
Nomenclature codes [20]. We use this ontology to annotate
the operational semantics of the clinical services. For example,
Figure 9 shows how the “MedicalActionEntity” class can
be annotated through a service Functionality Ontology. The
advantages of annotating the operational semantics of Medical
Actions through ontologies rather than binding them to some
pre-defined action types in the guideline model are as follows:

« The ontology is easily extensible allowing us to widen
the scope of medical actions that the guideline needs to
invoke in clinical workflows without the need to update
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MedicalActionEntity

functionality:

Fig. 9. Anpotating “MedicalActionEntity” class with the: Service Functionality Ontology

the whole guideline model. For example, carrently wire-
less ‘medical sensor devices are widely ‘used 'in’ clinical
environments -especially in homecare settings. Tn our
architecture, the semantics of services exposing the data
produced by wireless medical sensor devices are defined
in'the functionality ontology, under the node of “Diag:
nostic Services”, where the “IEEE 11073 Nomencatature
codes” are exploited to create a hierarchy of sensor device
services. This “capability moves the semantic support
beyond what is currently available in guideline models; it
becomes possible to easily extend the type of actions that
the ‘guideline ‘deployment/execution engine can interact
with:

« Medical Information systems can expose the services of
the clinical workflows by annotating their semantics with
any ontology of their choice, When the semantics of the
actions inl the-guideline definition are also defined through
ontologies, it ‘becomes possible to use “ontology map-
ping/alignment” miechanisms for service matching: Tn the
deployment phase, although different ontologies may be
used to annotate the services of the ¢clinical workflows and
the actions in guideline definition; it becomes possible to
locate the corresponding clinical services of the guideline
actions through semantic mediation.

This semantics ‘is-used during the guideline deployment to
describe the functionality of the service needed. Symmetri-
cally, there is & need 10 expose the semantics of the underlying
technical interoperability layer. How. to map. this layer to
technical interoperability layer is detailed in Section I1-D,

D. Exploiting the MedicaldctionEntity Semantics to locate
and access Clinical Workflow Services

In deploying the extended GLIF Model over a Web service
based technical interoperability layer; the Service Functionality
Ontology (SFO) is expressed through the “ServiceProfile”
class of OWL-8[29]. For this purpose, as presented in Figure 9
and in Figure 10, the top-most class of the SFO is created as a
subclass of OWL-S ServiceProfile class. To express the service

OWL-S Profil
FunctionalityOntologyNode ‘J_A:Z
subelassOf
Input
haslnput atmieter Ty MessageOntolg,
” perameter "”’ NS
hasQutput
{A » Output
pramertype | MenetcOuoiony

Fig. 10. Relating -Service Functionality ‘and Service Message ‘Ontologies
with OWL-S

functionality; the ServiceProfile instance of a specific. Web
service is represented as an instance of one of the Functionality
ontology nodes. In this way the semantic annotation of Web
Services through one of the SFO. nodes is achieved, Once
the OWL-S descriptions are defined, the Web Services can
be automatically published and discovered through an UDDI
Registry [30] by using the functionality semantics expressed
in. OWL-S. In the literature several meéthodologies have been
proposed for. automated discovery of Web services through
their semantics such as [31], [32],.[33], [34].

In one of our previous works [35], we present how UDDI
registries can be extended to store functionality ontologies, and
how this semantics can be used to discover Web services. In
deploying extended GLIF Model, the mechanisms presented in
[35] are used to stare ontologies, and to advertise and discover
Web services.

In the guideling deployment phase of a generic guideline
definition for a specific patient and a healthcare organization ,
the range of the functionality property in the guideline mstance
is used in querying the UDDI registry. The discovered service
instances” WSDL and OWL-S references are saved to be used
while the guideline is executed.

Service functionalily semantics enables us to discover the
Web services. based on their semantics. However, in. order
to invoke the discovered ‘Web services while the guideline
is executing, message level interoperability should also be
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addressed. Service functionality semantics may suffice to
achieve interoperability only when all the Web services and
guideline execution engines use the same message standards,
and the same Reference Information Models, However, it is
not realistic to assume that all the healthcare organizations
comply with the same message structure and content. Hence,
there is a need to transform one message content into another.

-In order to facilitate message transformation, our architec-

ture utilizes ontology mapping. The OWLmt tool [36], that we
have previously implemented, is used for mapping the input
and output parameters of Web services to the instances of the
reference information model used in the GLIF specification.

OWLmt is an Web Ontology Language (OWL) [37] based

ontology mapping tool to handle ontology mediation by map-
ping the OWL, ontologies in different structures and with an
overlapping content to each other. It aims to define a document
called the “Mapping Definition” describing how the source
ontology and the target ontology classes and properties relate,
This document includes the units of information called the
“Mapping Patterns”, which are the matchings between the
source ontology and the target ontology classes and properties.
The “Mapping Definition” is then used to transform the
source ontology instances to the target ontology instances
automatically,

The semantic mediation in the our architecture is enabled

through the following steps:

» Service message ontologies are created to express the
semantics of the Clinical Web service messages. In the
healthcare domain, the Web services usually exchange
XML, messages. Through a normalization tool [38], we
create the QWL ontology of the Web service messages
from the XML Schema (XSD) {39] definitions of the
service messages.

It is clear that when an OWL ontology is created from an
XML Schema (XSDy, it is not possible to extract some
of the OWL specific semantics such as class expressions
or various types of properties. Yet, it is still possible to
obtain the class hierarchies and the properties of classes
and this information proves useful in ontology mapping.

+ Based on the Service Functionality and Service Message
Ontologies, Web services are annotated in our archi-
tecture through OWL-§ [29] as depicted in Figure 10.
The OWL-S Profile class has properties called haslnpur
and hasOutput whose ranges are “Input” and “Output”
classes. These classes, in return have a property, namely,
the parameterType. The value of this property is set to
a node in a local message ontology. In this way, the
service’s input and output parameters are annotated with
the service message ontologies.

+ In the GLIF model, the data exchange with the external
resources is realized through the instances of Procedure,
Medication and Observation RIM classes (Figure 9). We
have created an XML schema (XSD) of these classes.
Then, the OWL ontology from the XSD file is created
automatically through the Normalization Tool.

» The next step is to create the mapping definition between
the GLIF RIM ontology and Clinical Web service Mes-
sage Ontologies through the graphical interface of the

y
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concept_name
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dosageQuantity
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unit

oute cd

Fig. 11. An example mapping definition of WS parameters

OWLmt tool. An example mapping is illustrated in Fig
1. On the left hand side, the “Medication” concept
GLIF RIM ontology is presented, the parts of which:
mapped to the “Medication” instance expected by |
Web Service. Apart from the copy and the concatenati
functionalities, the OWLmt tool also allows the user
define more advanced transformation functions in tent
of Java scripts. .
» Once such a “Mapping Definition” is created graphical
by the OWLmt tool, the mediation of message instane
are achieved as presented in Figure 12:
~ While the guideline is being executed, the Web se
vice parameters are provided as the XML ms{anéi

of the Reference Information Model used in GLIE

= These XML instances are normalized to OWL
stances of the Reference Information Model used
GLIF.

the instances of the Clinical Web Service messa;
ontologies through the OWLmt tool mapping engi
using the “Mapping Definitions” previously create

- The instances of the Clinical Web Service messa
ontologies are normalized to XML instances whic
are the messages the Clinical Web services
expecting to receive.

+ The same procedure is followed when a response
received from the Web Service.

In this way, the guideline execution environment always D
cesses the data encoded ag instances of the GLIF RIM,

is highlighted as the key challenge.
Some clinical guideline execution engines such as GLE]
[14] expect the local healthcare organizations to store the
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Fig. 12, Semantic Mediation of Clinical Web Service Messages

data in g centralized repository conforming to the guideline
data medel.

In some other guideline models such as PROforma {40] and
GUIDE [12], the relational database tables are used to store
the mappings between the guideline model entities and the
“columns of the database tables” where the patient data is
actually stored [411].

The extended GLIF Model that we propose aims to.facilitate
guideline deployment through semantic- mediation rather than
hard coding the underlying systems’ reference information
models to the guideline, or assuming a central repository that
provides all the data in the format needed by the guideline. We
desctibe both the semantics of the guideling steps accessing
external resources and the semantics of the interfaces of the
underlying applications. Our architecture proposes a-guideline
deployment and execution environment where the resources
are semi-automatically discovered and bound to. the guideline
definitionrand semantic mediation is exploited when necessary.

In EON [13}, ProDIGY [42] and SAGE {43}, the “Virtual
Medical Record” (vMR) [44] concept is used which provides
a structured data model for representing-information related to
individual patients where it is assumed that mapping of local
EHR to the vMR is facilitated. For example, in SAGE [43]
which -addresses the integration of guidelinie-based: decision
support systems with the workflow of care process; a guideline
is encoded using the Virtual Medical Record (vMR). The vMR
is-based on the HL7 RIM and gives a simplified view of a
patients medical record data. SAGE proposes a methodology
for representing clinical content in a.standard -way through
vMR's supported with “Clinical Expression Models (CEMs)
which place constraints on the attributes of VMR classes. A
compositional method is proposed. to express. new complex
concepts.

For technical interoperability with the underlying clinical
information systems, SAGE proposes a set of fixed Action
Types: for: abstracting  Clinical Information System’s (CIS)
functions (such as Notify, Inguire; Recommend OrderSet)
inside the guideline model [45]. SAGE engine supports com-
munication: with-clinical worlkflows through events based on
these action types. In SAGE methodology, before a formalized
guideline can be installed and used in a focal organization, its
medical content must be reviewed and revised (localization
process) and its data models, terminologies, and organization
assurnptions (roles, events, and resoiirces) must be mapped

to those of the local organization by the medical staff (the
binding process) manually. SAGE assumes a set of standard
vMR/Action Service Interfaces will be set by standard bodies
[46], and clinical information systems will be using these
standard messages, VMR interfaces to interact with guideline
execution systems.

Our work complements this effort as follows:

o We describe the semantics of the actions that will interact
with Clinical Information System services through a
service functionality ontology. This ontology is easily
extensible, and also semantic mediation is possible when
different ontologies are used to represent clinical services
and the actions in' the guideline definitions. “Addition-
ally we facilitate a semi-automatic semantic matching,
discovering and binding process based on this machine
processable semantics of the guideline interfaces and the
underlying clinical applications.

« When different message schemas are used by .clinical
information systems and guideline execution systems, we
support a semantic mediation mechanism.

Ontologies have been successfully used for representing and
supporting implementation of clinical guidelines by a -number
of efforts [47], [48]. In [47], a medical application ontology
that is inspired from UMLS Semantic - Metathesaurus is used
by a multi-agent system for coordinating their activities in the
enactment of clinical guidelines: Tn [48];, a DAMLAOIL based
Context-Task-Ontology is proposed. in order to model the
knowledge required for the implementation of guidelines. This
ontology is again based on UMLS, The Setvice Functionality
Ontology we propose is inspired by this work. Finally in [12],
organizational and medical ontologies are shared among Clin-
ical’ workftow - systems and Guideline management systems.
These studies used ontologies for modeling and supporting the
execution of clinical guidelines as a commeon understandable
semantic framework. Our approach complements these efforts
by exploiting ontologies as a semantic framework for semi-
automatic deployment of clinical guidelines in healthcare
settings by annotating and discovering the necessary interfaces
of clinical guidelines and enabling semantic mediation when
necessary,

Y. CONCLUSION

The system architecture described in this paper is realized
within the scope of IST-27074 SAPHIRE project. The proto-
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type implementation is finalized and currently the SAPHIRE
architecture is being validated through two pilot applications:
one in a hospital environment, and the second in a home-
care application. Homecare Pilot Application aims to test the
intelligent intermittent home monitoring of patients through
integrating the data from the medical sensors with the data
from the electronic medical records to generate alerts and
recommendations via SAPHIRE guideline execution environ-
ment. Patients suffering from ischemic heart disease followed
by a revascularization therapy are the target population. The
SAPHIRE Homecare Application details are provided in [49],
[24].

The purpose of the hospital application is to demonstrate
that the SAPHIRE system developed can provide bedside
intelligent healthcare monitoring through wireless sensors and
can also provide patient-specific computer-generated clinical
decision in accordance with the latest European Cardiology
Guidelines [24]. The end users of the project envision that the
system will not only reduce the workload in the hospital and
out-patient departments, but also will diminish probability of
human errors and reduce medical costs by cutting down the
stay in intensive care units.
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SAPHIRE: intelligent healthcare monitoring based on
semantic interoperability platform: pilot applications

O. Nee, A. Hein, T. Gorath, N. Hilsmann, G.B. Laleci, M. Yuksel M. Olduz, I. Tasyurt, U. Orhan, A. Dogac,

A Fruntelata S. Ghiorghe and R. Ludwrg

Abstract: As a response to the challenge of providing high-quality healthcare services with reason-
able costs while the elderly population and the associated chronic diseases increase, SAPHIRE
architecture provides an intelligent healthcare monitoring architecture. The monitoring of patients
is achieved through a clinical decision support system based on clinical guidelines. SAPHIRE pro-
vides the necessary interoperability layers to access the patient’s vital signs from wireless medical
sensors and the electronic healthcare records of the patient in order to exploit them in the decision
process seamlessly. This architecture is presented through two pilot applications: one for the
bedside monitoring of cardiac patients at hospitals, and the other for homecare monitoring of
the cardiac patients rehabilitated after a revascularisation therapy.

1 Introduction

The World is facing the challenge of delivering high-quality
healthcare at affordable cost while the greying population
continues to grow at an increasing pace. According to the
recent studies, the proportion of the population over 65 is
expected to almost double from:16.4% in 2004 to 29.9%
in 2050 in Burope [1]. Owing to.aging population, chronic
diseases and their management costs are also on the rise.
The current healthcare delivery model is far from ideal to
address the challenges ahead [2]. On the other hand,
Information Technology combined with recent advances in
networking, mobile communications and ‘wireless medical
sensor technologies offers great potential to support health-
care professionals and to deliver remote healthcare services,
hence providing the opportunities to improve efficiency and
quality and better access to care at the point of need.

In this paper, we will present SAPHIRE architecture that
provides an intelligent healthcare monitoring platform. To
be able to assist medical practitioners efficiently, the health-
care monitoring platform is enriched with a clinical decision
support systemn (CDSS) based on computerised clinical
guidelines. Through the SAPHIRE system, the intelligent
monitoring architecture is able to access seamlessly the
medical history of a patient stored in medical information
systems as well as the vital signs of the patients through wire-
less medical sensors. In this way, not only the observations
received from wireless medical sensors but also the patient
medical history is used in the reasoning process.
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In the following we will present the basic features of the
SAPHIRE architecture by emphasising how it is extending
the state-of-the-art healthcare monitoring research:

e The healthcare monitoring system needs to access the
vital signs of the patients through wireless medical sensor
devices. The SAPHIRE architecture provides a Sensor and
Data Point abstraction in order to present seamlessly the
sensor data to the applications exploiting it. Fig. 1 shows
the data layers used in the SAPHIRE system. The bottom
layer represents the actual sensor hardware. Above that,
the networking layer is comprised of a Bluetooth stack
and a TCP/IP stacks. The sensor driver layer implements
the comnmunication protoco! that determines the sensor’s
data structure and how it is transmitted through the
network layer. If a new sensor is introduced to the system,
the data point abstraction layer ensures that only the pro-
prietary sensor driver needs to be adapted. A virtual
device, as it can be seen in the layer above the datapoint
abstraction, can — but does not necessarily have to -
correspond to a physical device. A virtual device can also
receive its data from an algorithm that derives data from
other (possibly also virtual) devices. In the SAPHIRE
context, an example for a virtual device without a hardware
representation is the virtual device for the respiratory rate,
where the respiratory rate is derived from the signals of a
multi-lead ECG device [3]. Data from the virtual devices
are stored in the database (where they are exposed as
semantically enriched web service so that the CDSS can
use it and where the alarm system can access it), exported
as file (for the sensor data analysis software such as
Cardionics). Also, the data can be published using the
publish/subscribe mechanism of the Java message system
(JMS) [4]. The real-time viewer (RTViewer) for Sensor
data subscribes to the sensor data topics through JMS to
display the data on the physicians’ display.

o The healthcare monitoring system needs to access the
electronic health records of the patient so that the vital
signs of the patient can be put into context while giving rec-
ommendations/decisions. However patients’ healthcare
records are wusually physically dispersed in disparate
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medical institutions which usually do not interoperate with
each other. SAPHIRE architecture uses the IHE cross-
enterprise document sharing (XDS) [5] architecture to
tackle this interoperability problem. In this architecture,
the EHR documents are stored in local EHR repositories;
however, they are also registered to an XDS registry
along with a set of metadata so that the documents then
can be discovered and accessed wherever they are actually
stored. Through this architecture, we have solved the dis-
covery of and access to relevant EHR documents;
however, in order the CDSS to exploit the data stored in
these EHR documents, they need to be represented in a
machine processable format. In SAPHIRE, we use HL7
CDA level three documents [6] where both the entries and
the sections are annotated through coding schemes.

o In SAPHIRE, the behaviour of the CDSS is defined
through clinical guidelines. Clinical guidelines are the defi-
nitions of medical plans for the study of medical problems
and regimens for therapy. As the clinical guideline rep-
resentation formalism we use the GLIF language [7]
Computerised clinical guidelines have been previously
used for implementing CDSSs such as GLEE [&];
however, it has been a well accepted fact that wide adap-
tation of computerised clinical practice guidelines has yet
to be achieved even in a single healthcare institution [9].
One of the reasons for this is complexity of fully integrated
decision support systems because of the nature of hetero-
geneous set of clinical applications need to be involved in
the decision process and the lack of commonly agreed elec-
tronic healthcare standards and set of interpretable inter-
faces to proprietary medical information system. The
previous approaches towards automating guidelines have
addressed this problem through local adaptation where the
interfaces of the guidelines to EHRs and medical apph-
cations are usually manually bound [8, 10]. To tackle this
problem we have extended the GLIF model semantically
as detailed in [11]. In this extension, we have annotated
the external interfaces of the guideline definition such as
references to EHR, vital signs or clinical applications. In
addition to this, as discussed in Section 2, we have provided
a semi-automatic deployment architecture to process this
extended guideline definition and to find dynamically the
resources needed in the guideline execution. In this way,
the manual deployment effort needed to create interfaces
with the underlying EHR systems and clinical workflows
1s avoided.

A more detailed discussion of SAPHIRE architecture can
be found in [11]. The SAPHIRE has two pilot applications: in
the hospital pilot, we address the bedside monitoring of
subacute phase of the patients suffering from myocardial
infarction; in the homecare scenario, we address the
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homecare monitoring of the rehabilitation of the cardiovascu-
lar patients undergone a revascularisation therapy. In the
following sections, we will present how SAPHIRE architec-
ture is exploited to model and. automate these pilot
applications.

2 SAPHIRE hospital pilot application

One of the pilot applications of SAPHIRE project is the
hospital pilot application which is being developed for the
Emergency Hospital of Bucharest (SCUB). This pilot
application aims at demonstrating that the SAPHIRE
system can provide bedside intelligent monitoring of
patients with subacute coronary syndromes in a wireless
fashion to provide computer-generated clinical decision in
accordance with the latest European Cardiology Guidelines.
In this pilot application, the guideline execution environment
will provide continuous feedback to the physicians that will
be patient-specific and guideline-oriented, to provide opti-
mized medical care m accordance with medical standards.
In the following sections we will introduce the steps of
the guideline used in our pilot, and explain how its seman-
tics have been modelled so that it can be deployed and exe-
cuted automatically through the SAPHIRE architecture.

2.1 Guideline definition and requirements

In our pilot application, we are using the ‘Management of
Acute Myocardial Infarction’ guideline defined by the
Furopean Society of Cardiology [12]. It should be noted
that the patients with acute myocardial infarction on admis-
sion is not our target population. We are addressing patients
who are in subacute phase who can still have acute
Myocardial Infarction during hospital stay. For these
patients, the use of the system is safe and rapid enough.

We have modelled the guideline in the extended GLIF
model we proposed in SAPHIRE [13] using the Protégé
Tool [14]. While the guideline is represented in Computer
Interpretable Language, the physicians and the medical
informatics professionals should collaborate. Although
Protége tool 1s quite user-friendly being developed by
Stanford Medical Informatics department, especially in
the definition of expression scripts, the expertise of
medical informatics professionals is required.

The guideline execution 1s triggered by a sensor alarm
indicating persistent ST elevation and/or by a new LBBB
(left bundle branch block). AST-segment elevation 1s
usually associated with a looming infarction but can also
be due to pericarditis or variant angina, whereas the
LBBB usually indicates widespread cardiac disease; the
alert can be derived directly from the ECG. When the left
bundle is blocked, activation of the left ventricle proceeds
through the muscle tissue, resulting in a wide (0.12 msec)
QRS complex.)” coming from the ECG sensor. This initiates
the ‘First Line Medication’ step, where depending on the
current medication and medical history coming from elec-
tronic healthcare records (EHR), and also the vital signs
coming from sensor devices, medications and therapies
are proposed by the guideline. After the first-line medi-
cation (such as giving aspirin, applying nitroglycerin
therapy), based on the vital signs coming from sensors
and patient’s medical history, either another guideline for
acute heart failure is followed or a fibrinolysis therapy
(Fibrinolytic drugs are given after a heart attack to dissolve
the thrombus blocking the coronary artery, experimentally
in stroke to reperfuse the affected part of the brain, and in
massive pulmonary embolism.) or an appropriate ‘invasive
reperfusion therapy’ is applied to the patient. A more
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detailed flow of the guideline is presented in Fig. 2. The par-
allelograms indicate sub-flows that are net detailed in the
figure.

To model the guideline definition in the extended GLIF,
we have identified the external resources that we need to
interact with while the guideline is being executed. These
requirements and how they have been realised can be exem-
plified as follows:

e The guideline execution needs the vital signs of the
patient: for example the oxygen saturation of patient’s
blood is needed to decide whether to apply oxygen therapy
or not. As shown in Fig. 3a, the sensor data coming from
wireless sensors to the gateway computer are exposed as
Web services. These Web Services have been published to
the UDDI registry [15] together with their functionality
semantics. For semantic annotation, we use the nomenclature

A Zensor Uk Seriiem
Fig. 3 Sensor-and medical web services architecture
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codes defined by the IEEE 11073-10101 standard [16]. In the
guideline definition, whenever a vital sign of the patient is
needed, the nomenclature code frém IEEE 11073-10101 is
assigned as the semantic category of the data needed.
When the guideline is to be deployed, first of all the relevant
Web services are discovered from the UDDI registry through
their semantics; and saved to the guideling definition to be
used in the guideline execution.

* The guideline execution requires data usually stored in
the EHR of the patient, such as a possible contraindication
to fibrinolysis. In SAPHIRE, the EHRs of the patient are
represented as HL7 CDA level three documents [6]. An
example CDA document used in SAPHIRE is presented
in [17). As shown in Fig 4 these EHR documents are
shared through THE XDS registry /repository architecture
[5], where the EHR documents are registered/queried to/
from the XDS registries through their metadata. In the
guideline definition whenever an EHR  document s
needed, the document metadata is specified through
LOINC document type codes [18]. When the guideline is
to be deployed, the references to the related LHR docus
ments of the patient stored in XDS repositories are discov-
eted from the XDS registry through this metadata.

* While puideline is being executed, it needs to interact
with the underlying clinical workflow. For example, in
our guideline, the guideline execution orders a coronary
angiography to derive functional parameters of the patient’s
heart and blood supply, and needs to receive the results to
continue is operation. Such ‘interactions are facilitated
through the medical web services exposed by the hospital
information systems (HIS). In our pilot study. the coronary
angiography order is implemented as an asynchronous Web
service since gathering the result may take some time but
the execution can go on with the rest of the zuideline,
while operations such as saving the medication recommen-
dations back to HIS are implemented as synchronous Web
services. Such Web services are also published to the
UDDI registries through their functionality semantics. We
are using an HL7-based service functionality ontology

- [19); such service requirements are represented through

the nodes of this ontology in the suideline definition as pre-
sented in Fig. 3b. When the guideline is to be deployed, first
of all these Web services are discovered from the UDDI
registry through this metadata. and started to be used in
the guideline execution.

o During the execution of guideline, several alarms and
reminders may need fo be issued to medical practitioners,
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Fig. 4 SAPHIRE EHR architecture

and when necessary to the patient’s relatives. In such cases,
the alarm message and the role to whom the message should
be delivered are sent to an agent, the Alarm Distribution
Agent, which is specifically designated to distribute these
messages to the necessary recipients in the most efficient
and reliable way. According to the urgency of the
message to be delivered, one or more of the supported mes-
saging means namely email, SMS and instant messaging
(MSN, GTalk) are selected by the agent. The alarm

Fatinnt Slate Stap

W

distribution mechanism is reliable, that is the acknowledge-
ments of the messages are tracked, if the original receiver is
not available, the message is routed to an alternative user
specified previously. J

2.2 Execution of a small portion of guideline

A3
In this section, execution of a small portion of the guideline
is explained. This portion is responsible of applying nitro-
glycerin (NTG) treatment to patient and it has been selected
since it is rich enough to demonstrate all kind of services,
namely the EHR, sensor, medical services and delivering
alarm to the clinician.

The flowchart of this guideline portion can be seen in
Fig. 5. This flowchart is automatically generated by the
SAPHIRE guideline monitoring tool and the execution is
monitored on it by changing the underlying colors of guide-
line steps.

The first step is First Line Medication Branch Step. In
order the guideline execution to decide whether to apply
NTG or B-blocker treatment, it needs to access the EHRs
(Baseline Bloodpressure, AnginaStatus) and the vital signs
of the patient through sensors (systolic blood pressure,
heart rate). In step 2, first of all the vital signs are gathered
through invoking the Sensor Web Services identified in the
deployment phase. For accessing the EHRs of the patient,
the EHR documents are retrieved through the document
references located from the XDS registry in the deployment
phase. The necessary pieces are extracted from the retrieved
HL7 CDA documents to be used in the guideline execution.

Fig.5 Flowchart of a small portion of the guideline
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Fig. 6  Retrieval of heart rate

Example input, output structures for these Web Service
calls and EHR accesses are represented in Figs. 6 and 7.

After collecting the necessary input, in step 4, the cri-
terion presented in Fig. 8 is checked to decide whether
NTG treatment is applicable to the patient.

In SAPHIRE, the decision criteria of the decision options
should be defined with JavaScript as in the format shown in
Fig. 8. The JavaScript executor module has been
implemented using Rhino library [20]. With the retrieved
values, this script evaluates to frue and execution continues
with Nitroglycerin Treatment Action Step (5). In this step,
the doctor of the patient is informed that it is urgent to
provide 0.4 mg NTG to the patient. This message is deliv-
ered to the doctor via SMS through the SAPHIRE alarm dis-
tribution mechanism as presented in Fig. 9. On the basis of
this message, the doctor can check the guideline execution
monitoring: tool to see why such a decision is taken. In
addition. to.this, this medication recommendation is stored
to the HIS, through a Web Service call as presented in
Fig.19...

After this step, through similar mechanisms presented the
status of the patient is monitored and it is decided to stop the
NTG treatment algorithm, and continue with the First Line
Medication Synchronization Step (14).

As- it ‘can be: seen, .our guideline execution seamlessly
accesses: the necessary patient data and the underlying
clinical workflow through widely accepted standards, Web
Services, IHE XDS architecture and HL7 CDA.

</Data> ' :
%ﬁ# ' <Dats> S
<Id OB>HeartRatec/ Id oB> =

<Index IV>B5.0¢/Index IV¥>

“HeartRate” vanable is retmeved sensor.

3 Homecare application

In the homecare scenaio, the SAPHIRE platform is used to
implement services that benefit patients at a later state of
their treatment. The hospital scenario deals with the
patient in the subacute phase of myocardial infarction,
while the homecare scenario deals with physiological
recovery and fraining in secondary prevention [21].
Another difference between the two scenarios is the
patient’s role. Afier being discharged from the (rehabilita-
tion) clinic, the patient must assume an active role in the
freatment, and the SAPHIRE system empowers the patient
to do so. It allows the patient to advance from simply
being the recipient of care to being an important partner
in the endeavour of tackling the disease. The daily feedback
can be mutual, that is the patient can easily inform the
doctor about problems that require attention but are not
deemed severe enough to warrant an immediate visit.
Also the doctor can involve the patient more directly by
giving feedback to the patient, and informing them about
the progress the patient is making.

The key component of the homecare scenario is a modi-
fied bike ergometer that is shown in Fig. 11. A panel PC has
been mounted to the bike and serves both as a raleway for
the sensor network and as a user inferfuce for the patient,
Adding this component to the SAPHIRE system allows
the patient to emulate a supervised training at home.
Being able to perform training with medically sound
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</Service £d OB>
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</Davar
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Fig. 7. - Retrieval of baseling blood pressure
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Fig.9 NIG treatment alarm message

guidelines and ‘automatic supervision ‘in~ effect “without
having ‘to ‘travel to the rehabilitation clinic is already an
imiprovement compared with the ‘current state of the art,
where supervision after discharge is sketchy at best and
patient compliance is relatively low. Patients living in

rural areas without quick access to the resources of the reha-
bilitation clinic will be the ones benefiting the most from the
SAPHIRE system.

Although there are no suitable clinical guidelines for the
fitness training, it is considered as one of the most important
building blocks of a successful treatment of patients who
have undergone a coronary angioplasty (PTCA). Assisted
home-based training, as' it is envisioned for the homecare
application, will generally be composed of two consecutive
phases, the inpatient phase and the outpatient phase.

In the inpatient phase, after a successful revascularisation
procedure, patients will train in the rehabilitation clinic
using the homecare equipment under the supervision of a
physician. During this phase, the patient will become
acquainted with the equipment (ergometer bike and
sensors, Fig. T1a). In this phase, ‘which lasts ~3 weeks,
the parameters (training programme) and reference data
for “the home-based training will be acquired using
spiroergometry.

In the outpatient phase, the patient will proceed with the
training at home. The results of each training session are
summarised in a report that will be reviewed by a physician
once per-day. If there is an event requiring immediate assist-
ance, the physician will be notified at once.

Most of the software used in the homecare application is
implemented as bundles for the OSGi framework [22]. As
Fig. 12 illustrates, the homecare application consists of
several components with ‘several dependencies among
the components. The OSGi-framework allows an easy

Seryice Type Medical Web Service

m;z <storeHedicaction>
<medication>
<application>

</applicarion>

potea> L/ notess>
<person>

</ person>
<BErVices

</ service>
</mwedicat ion>
</storelsdication>

<routessublingual</routes

<dosageQuant ity>0, 4</dosageQuanc ity>

<PIP>10000006</PID>

<ConcRpt ID>COLITBS 7/ conceptID>
<conceptNamesNitroglycerind/ concepriame>
<conceptSource>UMLS</ conceptSource>

Ou!put “Heditation inserced successtully”

Destniption

],'5’!4&3 Witroglycenn medication recommentation is saved to HIS

Fig. 10 Prescription of 0.4 mg nitroglycerin to the patient
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Fig. 11 . Bike ergometer training

a Inpatient phase at the clinic
b Ouipatient phase at home (modified form}

management of these highly interconnected components, As
some components such as the trammg programme and the
patient GUI are very likely to require upﬁates the ablhty
to update bundles remotely will make it easier to offer main-
tenance for systems deploved at the patient’s homes.

As in the hospital pilot application, homecare scenario
employs several aspects and variants of decision support
to facilitate a safe and efficient training session.

3.1 .Sensor placement support

The. correct placement of the sensors 1= vital for the func-
tioning .of the SAPHIRE systemn “ihﬁs hospital application
can. rely on nurses and doctors | able to attach the
sensors correctly on a patient, but  the homecare scenario,
no. such professional help is avalable, leaving this import-
ant task to the patient. Althouch the patient has been
instructed during the inpatient phasc i the rehabilitation
clinic; it is likely that the svatem will have to instruct the
i .. and to detect missing
1 ¢ BCG electrodes,
for example, are detected casily. bul o order to detect
switched or misplaced leads. teierence ECGs have 1o be
used for comparison.

3.2 Patient status and stabilisation

Before the actual exerciae beoins the patient’s vital par
ameters are acquired ltom the enon smd the paﬁem has
to. answer a number ol ¢

the patient’s current staty

ficulties?’) but also
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training session (i.e. ‘Did you experience chest pain after
the exercise ended?’).

On the basis of the patient’s answers, and taking the
sensor.data into account, the system determines whether
or not it is safe for the patient to commence the ergometer
training. Several options are available as a result:

e The patient’s vital parameters are only temporarily
outside the ‘safe corridor’, without being cntical. If this is
the case, the system will instruct the patient to wait for a
few minutes. During this, the acquisition of data by the
sensors and monitoring will continue.

¢ The patient’s vital signs are within the ‘safe corridor’, but
the answers given indicate that the patient should not con-
tinue the training session. An example for this case would
be a patient experiencing pain after the last training
session that faded and is not felt in rest. The system will
instruct the patient to contact the rehabilitation clinic.

o The patient’s vital parameters are critical. In this case,
the patient is asked to contact the rehabilitation clinic
right away. The SAPHIRE alert system allows an alert to
be sent to the clinic, or to an emergency dispatcher.

» The patient’s vital parameters are within the ‘safe cotri-
dor’, but the patient indicates that the medication has been
changed. In this case, the training might commence, using

Fig. 13 State machine describing the training
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a more conservative guideline. Information regarding th
medication would be sent to the rehabilitation clinie, so
can be taken into account for a new training programme.
P

Once the patient begins the exercise, leaving the state o :
rest, ‘monitoring the status becomes even more crucial.
During the training, the patient can signal events (such as
pain_and dyspnoea) ‘at any time using the touch screen.
This action will abort the training and trigger an alert
that will be sent to the clinic. Sensor data are used to deter-
mine the patient’s status during the exercise session
Depending on the patient’s recommended training pro-
gramme, the ergometer bike needs to control the resistance
in order to maintain target wattage or a target heart rate.
Adapting the resistance to maintain a set heart rate is a
feature offered by most ergometers. We believe that
taking into account the patient’s breathing frequency,
blood pressure, the oxygen saturation and the ECG - in
addition to the heart rate ~ allow for a much safer training,

creating a combination of fitness training and ongoing

diagnostics.

Fig. 13 shows a simplified state machine that describes
the states of an early experimental system during a training
session where the ergometer’s power is regulated by a PI
(proportional-integral) controller to maintain a target

thike_not_pelie Jilrs] pulse seesor
At}
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Hedmabar 43, 5oy \
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How exhausting was the exercise?

Fig. 14 Example dialog querying the Borg value

pulse. In the homecare application, more sensors will be
used, but the pulse will remain as the main variable used
to control the resistance.

After the training session, while the patient is cooling
down and the sensors are still acquiring blood pressure and
other data, several questions are asked to determine how
the patient is feeling. Although sensor data reveal a lot
about how the patient was able to cope with the training pro-
gramme, having this additional-input is very helpful. Among
other things, the system asks the patient about the perceived
exertion. Fig. 14 maps the degree of exertion to the Borg
scale [23]. This perceived -exertion ranges between ‘very,
very light’, which is usually the ‘case in rest, to ‘exhaustion’.
The American College of Sports Medicine (ACSM) has rec-
ommended rate of perceived exertion (RPE) since 1986 for
both fitness and cardiac ' rehabilitation purposes [24].
Guidelines of the ACSM recommend a RPE range of 12
(‘fairly light’) to 16 (‘hard’) as the perceived exertion range
associated with a cardiovascular training effect; roughly
corresponding to 60-85% of the maximal heart rate
(HRyyax = 220 — age).

Capturing the sensor data and correlating it with the
patient’s answers (especially the RPE) allow the physicians
to determine the efficiency. of the training.

For the pilot application, patients after an acute myocar-
dial infarction have been chosen. However, the system can
be used for other patient groups as well. For example, by
providing scales, the system would be suitable for patients
with chronic heart failure, who would benefit greatly from
light exercise and a thorough monitoring of the weight. It
would also be possible to turn the SAPHIRE system into
a tool for prevention. A setup consisting of an ergometer,
weight scales and a glucose meter could be used to
manage diabetes while aiding the necessary change of life-
style and combating risk factors for heart infarctions. The
feedback that can be provided through a system like
SAPHIRE makes it a powerful tool for people who wish
to pursue actively the goal of personal health.

4 Conclusions

The SAPHIRE system proposes an intelligent healthcare
monitoring architecture based on clinical guidelines. The
architecture is supported with a semantic interoperability
platform in order to access the Electronic Healthcare
Records and vital signs of the patients seamlessly, the
absence of which was presented as a major reason for the
failure of adoption of clinical guidelines by the hospitals.
The system is tested with two pilot applications, one in
homecare, one in hospital environment. Through these

200

pilot applications, the system aims not only to reduce the
workload in the hospital and to diminish probability of
human error, but also in future aifns to reduce the medical
costs by cutting down intensive care days and complex
diagnostic investigations or therapeutic approaches where
these are not necessary and supporting remote rehabilitation
at homes. The SAPHIRE system in the hgmecare scenario
can be seen as one step towafds p-Health (personal
health) applications as well as an extension of healthcare
services to the patient’s home. With some modifications
of the sensor setup and new computer-executable guide-
lines, the system can be adapted for other diseases easily.
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SAPHIRE-Intelligent Healthcare Monitoring
Based on Semantic Interoperability Platform
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Abstract: The SAPHIRE project has developed an intelligent healthcare
monitoring ‘and decision support system to address the problem of an ever-
increasing workload in medical fields due to the increasing percentage . of
elderly people in Europe’s population. In the SAPHIRE project, the patient
monitoring is achieved by using agent technology where the “agent behaviour”
is supported by intelligent decision support systems based on clinical practice
guidelines. In SAPHIRE system, patient history stored in medical information
systems is accessed through an Integrating the Healthcare Enterprise XDS
(Cross . Enterprise Document Sharing) ‘based architecture to tackle the
interoperability problem. In this way, not only the observations received from
wireless medical sensors but alse the patient medical history is used in the
reasoning process.

Introduction

Clinical Decision Support Systems (CDSSY broadly refer to providing
clinicians or patients intelligently filtered and processed clinical knowledge
and patient-related information in order to enhance patient care. Recently,
there has been an explosion in basic and clinical research on disease
pathophysiology and treatment. Coupled with increased demands on
healthcare delivery systems, this rapid growth has made the practice of
medicine increasingly complex. The response of healthcare community to
this growing complexity has been to develop clinical practice guidelines to
simplify and improve healthcare delivery. Despite the widespread
publication of clinical standards and practice  guidelines, however,
healthcare professionals have difficulties in understanding and applying
these guidelines in the clinical care setting. This necessitates computerized
decision support systems automating clinical guidelines to support the
health  professionals. One of the major challenges in developing
computerized decision support systems executing these guidelines is
accessing the many disparate data sources needed to retrieve patient-
specific information. The SAPHIRE Project [1] has made use of
semantically enriched Web service architecture and semantic mediation
mechanisms to tackle this problem.



The SAPHIRE system aims to continuously monitor the patients through
dedicated agents and to support ‘the healthcare professionals through
intelligent decision support system:  Additionally, it generates -and sends
notifications and alerts to the related people.

System Architecture

When used at: the point of clinical care, automated, computer-based
CDSSs can improve healthcare professional compliance with specific
treatment guidelines. However, the challenge is in providing timely. and
complete access to the many. disparate data sources to: retrieve patient-
specific - information.  In the SAPHIRE  system, patient vital signs are
received through Web services from thé sensor devices from the Gateway
computer, and ‘patient history stored in medical information systems is
accessed through Integrating the Healthcare Enterprise (IHE) [2] Cross
Enterprise Document. Sharing (XDS) . Registry/Repository to. tackle the
interoperability ‘problem. In this way, not only the observations received
from biosensors but also the patient medical history is used-in the reasoning
process in ‘the clinical decision $upport system. This is an essential
component, because in clinical guidelines, the physiological signs received
from wireless medical sensors, the patient care plan and the medical history
retrieved from Electronic Healthcare Records (EHRs) (such as previous
diagnosis, medication list, allergy/adverse drug reactions) all affect the
¢linical path to be followed:

In Figure 1, the overall architecture of SAPHIRE system is illustrated.
The ' SAPHIRE system is based on an-agent based network which has been
implemented as Java Agent Development Framework (JADE) [3] Agenits.
Each main module of the SAPHIRE is modelled as an agent which handles
and abstracts the communication of the modules for enabling the flexibility
of the whole system. - The main -modules of the SAPHIRE system are
provided briefly in‘the subsections below. For the details of the architecture
please refer to [4]. The medical processes for diagnosis, treatment and
observation of the patient, on the other hand, have been modelled as clinical
guidelines using Guideline Interchange Format (GLIF) [5] by complying
with the latest European Cardiology Guidelines {6].

Agent Factory

Agent Factory is the primary agent which controls all other agents in the
system. When the Agent Factory is launched, first it registers itself to the
“Main-Container” of JADE then it launches several other agents listed
below:




Figure 1 Overall Architecture of the SAPHIRE Initial Prototype

EHR Agent: This is the first agent that Agent Factory Agent creates. EHR
Agent is responsible of querying and retrieving the patient electronic
healtheare record documents in that clinical affinity domain. There exists
one EHR Agent i each affinity domain. In SAPHIRE, EHR Agent queries
and retrieves the EHRs in Health Level 7 (HL7) [7] Clinical Document
Architecture (CDA) format from IHE XDS Registry/Repository.

Alarm Distribution Agent: This agent is responsible of delivering the
alarm entities, which are generated during the execution of the guideline; to
the related healthcare people such as doctors, nurses, patient relatives, etc.




Alarm Distribution Agent acts as a bridge between the SAPHIRE Intelligent
Clinical Decision Support System and the communication layer of the
Alarm Component.

Ontology Agent: Ontology Agent is responsible for the mappings of
inputs and outputs of both medical and sensor Web services to data entities
of GLIF. For conversions, besides ontology mapping, also XSLT mapping
ability has been included.

Guideline Agent

In SAPHIRE system, the computerized clinical guidelines which have
been tailored for specific patients are executed through Guideline Agent.
The starting of the guideline execution process is triggered by the execution
request coming from a Monitoring Agent, which reveals the list of available
patient-guideline assignments to the healthcare user. The Guideline Agent
functions with the ‘operations of handler classes. Clinical guidelines consist
of different building blocks. In SAPHIRE, separate handlers are
implemented for each type of the building blocks in the guideline
specifications. The Guideline Agent creates the handlers when needed and
calls the handling methods providing the necessary parameters which may
depend on the characteristic of the guideline section.

The guideline model used by Guideline Agent has a number of building
blocks. One- of the building blocks is the Eligibility Criteria. The
longitudinal records and sensor data related to a patient has to be eligible in
order to perform the guideline execution. Another important building block
is the tracing the steps of guideline algorithm. The algorithm itself is
composed of several ActionSteps, BranchSteps, DecisionSteps,
PatientStateSteps and SynchroniationSteps. For the details of the guideline
agent building blocks please refer to [8].

During the guideline execution, according to previously defined instances
of AlarmMessage class, Guideline Agent creates alarm messages and
reminders to be sent to doctors, nurses or healthcare relatives and passes the
content of Alarm Messages to Alarm Distribution Agent. Alarm
Distribution Agent is responsible of delivering these alarm messages to the
communication layer of the Alarm Component in order to be delivered to
related people according to rules by means of email, SMS or instant
messaging.

Guideline Agent also interacts with Ontology Agent for mapping the
input/output structure of Web services while it is accessing the EHR
documents, Medical and Sensor Web services. This way, the
interoperability is achieved.




Monitoring GUI

The Monitoring GUT is the user interface provided to the doctors and it is
responsible from displaying any events, latest status and the detailed history
related with the guideline execution. It sits on top of the Monitoring Agent
which interacts with Guideline Agent and gathers all the monitoring
messages.

When created, the Monitoring GUI first parses and displays the flowchart
of guideline in GLIF format, Each guideline step defined in GLIF is drawn
with a different shape and colour. During execution, Monitoring Agent user
mterface also provides a live history of what happened until that moment.
The messages are kept in XML format but they are visualized in a more
tabular format, Besides data retrieval from sensors and EHR records of the
patient, sometimes it is necessary to get information from directly doctors.
These information requests are defined with consult actions in the guideline
definition -which 'waits -input from - the practitioner. For handling this
property, the Monitoring GUF has a consult panel which is used for getting
input from the practitioner.

Using Monitoring GUI, doctors canalso monitor ‘guidelines that have
already been executed and finished. During execution each completed step
is saved to SAPHIRE repository. When the doctors want to see a previously
executed guideling, ‘the selected guideline execution is simulated as if it is
running at that moment,

Hospital Pilot Application

After the development and integration of the SAPHIRE project is
finalized, the system has been deployed to The Internal Medicine and
Cardiology Department of the Emergency Hospital of Bucharest (SCUB) in
Romania for testing and evaluation of the system [9]. With this pilot
application, the SAPHIRE platform will be evaluated using the real data
from the real patients having myocardial infarction.

For the prototype, four clinical guidelines have been “defined and
modelled which are for management of myocardial infarction with non ST-
segment elevation and management of myocardial infarction with ST-
segment elevation. .

In the pilot application, all the patients. sign an informed consent
admitting to use SAPHIRE system. Then, the sensors developed within the
scope of the SAPHIRE are placed on the patienf, ‘the necessary
configuration is performed and the patient is started to be monitored by the
automatic  guideline execution. As the - guideline execution continues,




appropriate recommendations and prescriptions are suggested and alarms
are sent to the related people in the hospital whenever necessary.

Conclusion

The SAPHIRE Project aimed to develop an intelligent healthcare
monitoring and Decision Support System (DSS) for reducing the ever-
increasing workload in medical fields due to the increasing percentage of
chronic diseases. This system which is based on agent framework has been
designed to continuously ~monitor the patients and to deliver
recommendations, prescriptions and alarms to the medical personnel as
needed. The system also enables the remote monitoring of the patient since
the continuous monitoring is achieved with extensive support for timely and
complete data retrieval from different sources (from EHRs, sensors and
medical people).

At the moment, the SAPHIRE System is being validated ‘by two pilot
applications; a hospital application and a homecare application. With the
Hospital Pilot Application, it is expected to be demonstrated that the
SAPHIRE system can provide bedside intelligent monitoring wirelessly and
provide patient-specific clinical decisions in accordance to the European
Cardiology Guidelines. The pilot application also tests the safety and the
accuracy of the sensor data, the Alerts System, the accuracy of the history
data from the EHRs and the recommendations generated by the system by
correct interpretation and implementation of the guidelines.
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