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Medical guidelines and protocols

s Medical guidelines and protecols are used to Improve
the guality’ ofi medical care

= A medical protocol Is the implementation| of a
guideline inja specific environment

= Modeled as a careflow: medical actors receive objects,
perform.activities, operate under rules, and transmit objects

to other actors

= Components ofi a careflow:
= Actors: patients, physicians, instruments, softwareagents
= Objects: data, documents, Images, physical samples
= Activities: processes, actions, computations
= Rules: constraints, conditions, limits, boundaries 2
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Caretlow conformance veritication

= Careflow conformance Verification to Identify/:
= \Wrong| participant behaviors
= Parts of the protocol not well defined
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Graphical guideline editor: GOSpelL

= Simple graphical language: for specifying the
careflow: process

= [he GOSpeL representation of a careflow
consists of:

m a flow chart, which  models the careflow evolution

= d domain ontelogy for specifying actors, activities,
and objects of the careflow:

= Ontology management by using the
PROTEGE-2000 API
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Caretlow conformance veritication
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SCIFF framework

Socilal Infrastructure

Protocols  E(eyB,T)

Expectations Correct
H(evA,T) . YES
_ Reasoning Verify
Behaviour Compliance NO
O

Integrity Constraints (IC): body - head

H( ask(A,B,Something), T1)) -->
E(ansyes( B, A, Something), T2) AT2>T1 [ 6
E(ansno( B, A, Something), T2) A T2>T1
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Verification module

s [ he SCIEF Proof Procedure:

= PIOCESSses the events: for each event it Iooks for a
possible “unification™ with the body of one (oK more)
SIC

= for each IIC whose “body’” IS Verified by the events, the
expectations defined in the head are'generated.
= detects two types of vielations:

= Hwith ' EN: an actor performs activities explicitly not
expected by the careflow

= E without H: an actor does not act as expected by the
careflow

= H without E: an actor performs activities net expected
by the careflow
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Caretlow conformance veritication
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SPRING project

= Joint project of the Emilia Romagna region of
Italy: ENDIF — Univ. Ferrara; DEIS — Univ.
Bologna, NOEMALIFE Bologna; Screening

Center Bologna

= Project GOAL.: to support definition and
verification of cancer screening protocols

= Cancer screening to early detect and treat
cancer (cervical, breast and colorectal cancers)

= Case study on cervical cancer
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Caretlow example

s [lhe Lab (actor) analyzes a pap-test IDsample (object)
executed onia patient Pat (actor) and sends the results P Tres
(Ghject) tera physician Phy (acter). Phy. evaluates IDsample as
positive or negative. If positive, Phy: imvites (within 6 days) Pat
for a treatment and a psychoelogist Psy (actor) invites Pat for a
consultation. Ifi negative, Phy sends a negative pap-test letter to
Pat. Einally, Phy schedules the next pap-test for Pat.

analysePapTest(Lab,Pat,IDsample,Phy,PTres} Psylnvitation(Psy.Pat}

sendNegLetter(Phy,PatiDsample,PTres) ScreeningSchedule(Phy, Pat, InvDate)
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Translation of W1
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Translation of W1

H(analysePapTest(Lab,Pat, IDsample,Phy,PTres), Tana)
9
positive(PTres)
A E(treatmentinvitation(Phy,Pat, IDsample),Ttre)
A E(psylnvitation(Psy,Pat),Tpsy) A Ttre > Tana A Ttre < Tana + 6 A Tpsy > Tana

Vv

not(positive(PTres))A E(sendNegLetter(Phy, Pat, IDsample, PTres), Tsen)a Tsen > Tana
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Example of conformant history

Happened Events
HCanalysePapTest(labl, patl, 123, phyl, [results]), 5)
H(psylnvaitation(psyl, patl), 7)
H(Ctreatmentinvitation(phyld, patl, 123), 10)
H(screeningSchedule(phyl, patl, 15apr2007), 30)

Expectations

Start ‘[E(analysePapTest(Lab, Pat, IDSample, Phy,PTRes), Ta)

Generated i .
bylcu<{E(psyan|tat|on(psy1, patl), Tpsy) Tpsy > 5

supposing E(treatmentinvitation(phyl, patl, 123), Ttre) S < Ttre < 11

positive([results]) = true

Generate

O3 d{E(screeningSchedule(nohyl, patl, Date), Tsche) Tsche > 10
y
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Hixample of violation (1/2)

Happened Events
HCanalysePapTest(labl, patl, 123, phyl, [results]), 5)

H(psylnvaitation(psyl, patl), 7)
Violation of

HCtreatmentinvitation(phyl, patl, 123)@\
the time

Expectati ons constraint

Start {E(analysePapTest(Lab, Pat, IDSample, Phy,PTRes), Ta)

Generated _ )
by IC1 E(psylnvitation(psyl, patl), Tpsy) Tpsy > 5
supposing E(treatmentinvitation(phyl, patl, 123), Ttre@Ttre @

positive([results]) = true




PRIN meeting - Bologna 30/01/2007

A framework for defining and verifying clinical guidelines: a case study on cancer screening

Example of violation (2/2)

Happened Events
H(analysePapTest(labl, patl, 123, phyl, [results])., 5)

@endNegLetter(Phyl, Patl, 123, [resl, .., resn]), 1(D

The protocol evaluates The physician

the pap-test as positive performs an activity These
but the physician as not expected by the Expectations are
negative and behaves as careflow not fullfilled
negative

Expectations

Start {E(analysePapTest(Lab, Pat, IDSample, Phy,PTRes), Ta)

Generated : .
by IC (psylnvitation(psyl, patl), Tpsy) Tpsy > 5
supposin E(treatmentinvitation(phyl, patl, 123), Ttre) 5 < Ttre < 11

positive([results]) = true
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Screening careflow model
in SPRING

>—{] L

papTestinvitation papTestRefusal

negative(resP

~ executeExam negNotification(PapTest)
(in: PapTest, out: resP)  positive(resP)

executeExam )
in: ExamType Exam negati VE{'!‘E!SC}—U

out: Result res
executeExam
(in: Colposcopy, out: resC) doubtful(resC)

extemaf(exam}—D ,
?—qbsenceOfPosB;opsv—)E

negNotification{Colposcopy)

examExec(exam) sampleShipping(exam)

internal{exam)

executeExam ) NegNotification(Biopsy
(in: Biopsy, out: resB)  presenceOfPosBiopsy

resultPosting(exam,res) PosNotification(Biopsy)
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Traslation of the caretlow model

s | he careflow model Is translated i 14 ICs
m executeExam translation:

m HeseguiEsame(TipoEsame,ldEsame), liesa) /A analisi_esterna(TipoEsame)
> E(invieCampione(TiipoEsame,ldEsame), Tiinv)i/A Tinv > Tesa.

n  H(eseguiEsame(TipoEsame,ldEsame), Tiesa) /A analisi_interna(TipoEsame)
— E(invioRisultato(TipoEsame,ldReferto, Esito), Tris) /A Tris >-Tesa.

n H(invieCampione(TipoEsame,ldEsame), Ilinv)
— E(invioRisultato(TipeEsame,ldReferto,Esito), Tris) /A Tris > Tinv.

- xtemaf{e;cam)—E
examExec(exam) sampleShipping(exam)

internal{exam)

n :

resultPosting(exam,res)
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Screening event log

s Datahase of the screening center translated i event log

= SOME Incorrect behaviours have heen randomly
Introduced Ini the event log

= [[he resulting event log consists of 1950 careflow.
Process executions:

= Shortest careflow process execution consists of one event (the
Invitation to take part to the screening followed by no
[esponse)

= Longest careflow process execution consists ofi 18 events
(representing the whole careflow plus the repetition of some
laboratory exams due to an undecidable analysis result).

. 17
= [he average number of events Is 4
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Conformance verification results

s Conformance verification execution time:;
= 30 min Total and 1sec Average

s Conformance result:
m 877 Conformant executions over 1950

= Analysis off nen conformant careflow process executions:
s Executions classified as conformant were confirmed

= Some particular executions were erroneously classified as non
conformant:

= We introduces seme special abducibles in the ICs:
= [0 classify these executions as conformant
= [0 warn about special executions

= Second verification round: 64 executions are: still not
conformant (“wroeng behaviour” intreduced In the database and

some Insights)
18
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Conclusions

s Use computational logic te)verify conformance
off participant behaviors within a careflow

= OUr approachi proposes:
= Formal language to: model the careflow

= Abductive proof procedure to verify. the
conformance

= Case study on cervical cancer screening

19
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Future works

= Change GOSpell with anether graphical
guideline modeling| notation:

s GLARE: joint work withi:lierenziani/Bottrghi
= ASBRU
= EtcC..

m Use gSCIFE:
= Properties verification

20
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Thank you!

21
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Translation of Y2

|

==l

| EP = = =

w2 |

{endﬂegLeneiﬂPhy,FaLIDsample,PTml Screen.?mScheduletPh,Pm,ln\'D e)

Translation of W2

H(sendNegLetter(Phy, Pat, IDsample, PTres), Tsen)
9
E(screeningSchedule(Phy,Pat, InvDate),Tscr) A Tscr > Tsen
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Translation oti W3

|

==l

{endﬂegLenqﬂPhy,FaLIDsample,PTrul Screen.?mScheduletPthlnvD e)
Erz = = 7 A i =

W2 )

Translation of W3

H(treatmentlnvitation(Phy,Pat, IDsample),Ttre) A H(psylnvitation(Psy,Pat),Tpsy)
9
E(screeningSchedule(Phy,Pat, InvDate) ,Tscr) A Tscr > Ttre A Tscr > Tpsy




PRIN meeting - Bologna 30/01/2007

A framework for defining and verifying clinical guidelines: a case study on cancer screening

GOSpell graphical elements

activities
atomic
activity

exclusive

choice

26
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Idea behind the translation (1/2)

s SoMme GOSpel_ blocks can e mapped Into events
(event-blocks):

= Activity blocks represent events specified by:
= Name of the associated ontelogical activity
= Variables representing formall participants
= Example: hold(Phy,Pat)

= START /END blocks represent special events

s Each translation starts from an event-block A:
= [hisevent A IS supposed to happen

s [ he relations after A 1n the model' describe what It 1S
expected to happen after A

21
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Idea behind the translation (2/2)

= [[he meaning of a translation in a SIC:
= [he body represents that an event Is happened

= [he head representsiwhat the model prescribe to happen
after this event

m | he model Is translated 1n a set of SIC

= WO ISSUES:
= [solate a part of the model that can be mapped ina SIC
= Build a recursive translation algerithm

28
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Detinition of Minimal windows

= A group of contigueus blocks

s Properties: l
= \Window: source andi fringe must el
contain only event-blocks 7 \
= Inside the window: there must be 2]
only split and/or merge blocks ”’ W'"d‘“"

(minimal)
= All the outgoing (ingoing)
relations exiting from (going to) a

split block (merge block) must be window // E

considered fringe

s Each minimal window Is
translated into a SIC 29
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Translation of GOSpelL

window
source

u window

Sae
| / / G
e3 o

30
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Translation of a minimal window

s EVents in the window: source became H
s EVEnts in the window fringe hecame E

s, Gateways Inside the window contribute te the SIC
structure:

s Deferred choice: a disjunction of events Is inserted in the
head

s EXclusive choice: a disjunction of events Is inserted 1n;the
head and a logic condition Is assoclated to each alternative
flow

= Parallel split: a conjunction of events Is inserted In the head
= Parallel join: a conjunction of events IS inserted in the body

31
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GPROVE framework architecture
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EDITOR MODULE
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