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Motivation — Clinical Process Support
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Motivation — Clinical Process Support

Fundamental Goals:
[ Continuity of care
[ Patient-centered treatment
(1 Integrated care

[ Process-awareness

provision of information and knowledge at the , point of care”

Urgent need for IT support:

[ Frequent cause of medical errors = Missing information or knowledge

[ Example: Medication errors
e 29% due to missing patient-related information
* 19% due to missing medical knowledge

Leape LL. A systems analysis approach to medical errors.
J Eval Clin Pract 3: 213-22, 1997
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Motivation — Clinical Process Support

Fundamental Goals:
[ Continuity of care
[ Patient-centered treatment
(1 Integrated care

[ Process-awareness

provision of information and knowledge at the , point of care”

There is a discrepancy between the potential and actual
usage of IT!

Committee on Quality of Healthcare in America (loM)
Crossing the Quality Chasm: A New Health System for the 21st Century. IOM, 2001
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Motivation — Clinical Process Support

Levels of Process Support

1 Organizational processes

e Interdisciplinary cooperation among different
people and organizational units

e Example: Order entry and result reporting

1 Knowledge-intensive processes (i.e. patient treatment processes)
e Guided by available patient information

e Dependent on medical knowledge

Lenz, Richard and Reichert, Manfred (2007) IT Support for Healthcare Processes - Premises, Challenges, Perspectives.. Data and
Knowledge Engineering, 61(1): 39-58, Elsevier.
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Motivation — Clinical Process Support

Example of an Organizational Process
3 Ehan

Registration report Report
‘ Repository
! !
- patient Diagnostic
information Workstation Lightbox
images
retrieved
Orders Placed
procedure —
scheduled Image Manager
Prefetch any relevant ; Archiveg
examination order: prior studies /
A . =< : Acquisition
modality . iImages
Modality
stored

acquisition

completed /
images

printed

Orders Filled worklist \ =
g
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completed
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Motivation — Clinical Process Support

Example of a Treatment Process

! f

prehospital poststationary
phase treatment

patient
admission
anamnesis and clinical
examination

clinical suspicion of

discharge &
documentation

clarification of
osteoporosis
yes . . . ] ward / ICU and
proximal femoral imaging diagnostics
fracture? operatlve treatment
therapy depending on no yes nitial treatment (emergen
diagnpczlsis /psymptfi)m \/ rea) and operation plannin

proximal femoral fracture &
operation indicated?

D IT support in routine
use
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Motivation — Clinical Process Support

M-Health: Mobile Process and Task Support

Integrates with PAS, pathology,
microbiology and radiology

%

Nurse enters
patient data at
the bedside

Attends patient
and records
interventions

idena high

patients

VitalPAC and other clinical data immediately
viewable throughout hospital on mobile and
desktop devices

Nurse
immediately
informed

Escalation sent
to clinician if
appropriate

indicates plans
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Motivation — Clinical Process Support

Process-aware information systems will allow for real-time process diagnostics

Why do patients have
to wait so long?

Do doctors follow the
guidelines?

Can we predict
waiting times?

» l / 2

How much staff is ‘ \ /
needed tomorrow? \
How can we reduce
costs?
e . U —

1> In the end it is the (end-to-end) process that matters
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Business Process Management

Business Process Management (BPM) is a discipline involving any
combination of
, automation, execution,
control, measurement, and optimization
of business activity flows,
in support of enterprise goals,
spanning IT systems, employees, customers and partners within and

beyond the enterprise boundaries.
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Business Process Management — The Process Lifecycle
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Business Process Management: The Role of Process Models

Event
XOR-Split .
Activities L Transition
Prepare "= Check :
ko) > order rejected > —— XOR-Join
= Order Order X ' X
= 3
H order
Precedence : accepted
v Relation |
I -
B Enter | & Transfer [ Receive o
Order ! Patient "|  Report :
| Message : ! |
- |
t P i t T
Medical " Appointment Ack / Patient Medical
Order : Reject Ack IT—] Record Report
I T ——-— I |
T | | I I
I Message | | I |
| - | | I |
e Flow : | | x |
| i I | I
L ! v !
B Reject . | 1 Perform examination Check Validate |
Order ! X-rays room Validity Report !
order
- rejected  radiology entrance : phys. room phys. room :
8’ : revision :
g | 1] required |
ki Check | Diagnose | examination Create Print !
Indication : Images room Report Report :
. iol
radiology entrance mm———————— Jl phys. room :::gr?gg :
order |
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B Schedule Sign
X-rays Printed Repo
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Model |
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Reichert, M., Weber, B.: Enabling Flexibility in Process-aware Information Systems — Challenges,
Methods, Technologies, Springer, 2012
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Business Process Management: The Role of Process Models

&4 AristaFlow Process Template Editor ‘

File Edit View Run Search SeaFlows Window Help
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Business Process Management: The Role of Process Models
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Business Process Management: The Role of Process Models
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Business Process Management: Process-Aware Information Systems

End User Perspective

Examinations

Work Item Paula ‘

Work Item Jame\ ‘

A ¥
Work Item Liam \ ‘ ="

/ \\ ;;D \\

Automatic Invocation of the

Worklists ] Corresponding Application
Selection == Program (incl. Provison of Input

Parameters)

User
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Business Process Management: Process-Aware Information Systems

Scheduling el a8
ﬁ [Peters, Franz | i l
|

Admissions ] 2
[Schmied, Udo |§ ===
Peters, Franz

[

E— |

Actor A Actor B

Medical Orders _
Weber, Heinz
Schmidt, Ingo -
Kramer, Ralf o e Tl ﬁ .
IPeters, Franz
—_
End User Perspective

Actor C

T




Page 20 DBIS Research in a Nutshell | Manfred Reichert | University of Ulm

Business Process Management: Process-Aware Information Systems

System Perspective > Human Tasks & Automated Steps

o

EL]

~ i» > Application Service Integration

2

=I5
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Business Process Management: Process-Aware Information Systems

égrp\ilizzgon Instance 4 Instance 10
Instance 3 Instance 9
Process Models Instance 2 Instance 6 Instance 8
Instance 1 Instance 5 Instance 7

| | | |
Process Engineer Users @ @ $ $ @
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Agenda

Motivation — Clinical Process Support

Business Process Management

Adaptive and Flexible Processes

Mobile Process and Task Support



Enforcement:

Guardrails (on a road) prevent
deviation, but also prevent any-
thing not predicted.

“Planning is helpful. If you don’t know what you want, you'll
seldom get it. But, no matter how well you plan, you will fare
better if you expect the unexpected. The unexpected, by
nature, comes unseen, unthought, unenvisioned. All you can
do is plan to go unplanned, prepare to be unprepared, make
going with the flow part of your agenda, for the most
successful among us envision, plan, and prepare, but cast all
aside as needed, while those who are unable to go with the
flow often suffer, if they survive.”

David W. Jones
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Adaptive and Flexible Processes: Flexibility Needs

estigating a crime scene

®
Innovation processes
® O ‘

Healthcare processes Call center processes

Many banking and
insurance processes

| unprLdictable,
sneatability

Fully predictable,
highly repetitive

Adaptatiop,
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Adaptive and Flexible Processes: Flexibility Needs

Traditional ® Schema §": o
Process Schema S: Need for Variability

Lifecycle : Support
Support Need for Process

Evolution

Need for Looseness of
Process Specifications

Create

Process engineer / :
Process i ~ Process @

administrato - 2 Execution
N\ Log Instance |, =& s
Process “A

Monitoring

: Process
Need for Process Adaptation [ttt

(Support for Planned and

Unplanned Exceptions)
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Adaptive and Flexible Processes: Flexibility Needs

Flexibility Need M Technological Requirement

Variability Configuration

Looseness Loosely-specified processes

Adaptation Planned Exception Handling
Unplanned Ad-hoc Changes

Evolution Deferred Evolution Versioning

Immediate Evolution Process Instance Migration

Poor Internal Quality Refactoring

Organizational Monitoring, Analysis and Mining
Learning
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Adaptive and Flexible Processes:
Adressing Variability by Configurable Process Models

Requirement 1
@xon. ='SEQ,, v XOR, ='SEQ,,"

Guideline 1

XOR; = SEQw’ =
(ORs = 'AND" v ORs ="SEQs’

Requirement 5

xor, =0, (O |

Transport patient = ‘ON

Requirement
(XOR, = SEQus = ORy = AND) . (O)
[XOR, ='SEQu," = OR, = $EQu) >

Requirement 7
Transport patient = ‘ON" &=
T Transport patient (refum) = ON'

() ety D configueable ackvityl

@ TS ) cntgserc Process Process Process

Process
O ntonmeor Variant S, Variant S, Variant S; Variant S,

configuration re-
quirementiguideline|
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Adaptive and Flexible Processes:
Enabling Adaptation through Ad-hoc Changes

Exception —
We need an additional lab

e ot v v |
xaminations e ammation test !
U Wallace, Edgar l
Check
‘v
U Smith, Karl - Lab Test
X-Ray
U Jones, Isabelle
Explanation |4
Operation RisKs
| |

End User Perspective
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Adaptive and Flexible Processes:
Enabling Adaptation through Ad-hoc Changes

29

a) v C ! jumpForward(CFSinstance, G, J, ...)
AZJB@EW1M i
Solution for many
b)

fundamental research iIssues!
% o /J?—' GM | MMJH >

Formal foundation of the |,
ADEPT technology!

ek

The ADEPT Framework
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Adaptive and Flexible Processes:

A Scenario Requiring Adaptation at Different Levels

domain specific clinical
knowledge guidelines
site specific clinical
knowledge pathways

individual patient treatment plan

actual patient treatment process

require consensus
among medical experts
(and scientific evidence)

require consensus
among cooperating
healthcare professionals

may deviate from
medical pathway

may deviate from
individual treatment plan
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Adaptive and Flexible Processes: Evolution

"It is not the strongest
of the species that
survives, nor the most
intelligent that survives.
It is the one that is the
most adaptable to

change."

Charles Darwin
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Adaptive and Flexible Processes: Evolution

represented in

External Internal
Changing Business Context

Changing Technological Context

Design Errors
Real- <
Changing Legal Context world PAIS Technical Problems
Process < |
Organizational Learning 4POOF Internal Quality

provide feedback to
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Adaptive and Flexible Processes: Evolution

Users

Adaptive Process-Aware Information System

Std Client API Web CIint API Modeling API Dyn. Change API
Admin. API Role Mgmt Authorization Time Mgmt
Msg Queuing Recovery Audit Trail

Process Engine

Process 11
Process 4 Process 10
Process 3 Process 9 Process 14
Process 2 Process 6 Process 8 Process 13

Process 1 Process 5 Process 7 Process 12

4.377 instances can be

Create Process Template
Modify Process Template
Check Process Template

15
L0 L

automatically migrated

Y B A
> 7 2 = 1.117 instances have

proceeded too far

123 instances cannot be

automatically migrated

Process Application
Templates Components

Process Designer /
Process Administrator
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Medical Guideline Application Example

(narrative) o
=
f * Formalization ® o
! )
Formalized Dissemination @ Disseminated <
medical guideline G > medical guideline G g
o
PP PP | oo ® PO °

Change pathway Medical pathway schema P’ | Site-specific
schema Medical pathway schema P Configuration ® o
Process 9
: S,
Engineer 4 g
Q
— Hoo0P00 :
[ $
Process instantiation @ S
Create new pathway v

schema @

B .
Process L L
execution _ Individual treatment plan

— Actual treatment process for Start instance ®

for patient p1

Medical Staff patient p1 fD\ ¢ /4:'\4
- [ | mtn

Process instances
(with ad-hoc deviations) 1 T Process instance

adaptation ®

Notify process engineer @

case base
(change logs)

patient treatment-specific
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Adaptive and Flexible Processes: Research Transfer

4 AristaFlow Process Template Editor = =TES| i ==
Fle Edt View Window Hep

|t% - [ |[escrodeing =] | RunTempite

g_— ‘*\‘7
== AF.. |Ed Pr | = Bl o (Source: tamplate) £ = B || & palette view £2 =
S e Bl 28, | | race=r 57
‘Working on revision 2 (latest) IestClent Window Help
lgetter]

Main " dentifier | 3“&!%‘ =0

:

B —— u
= ) Actvity Repository Arbeitsliste ~ A wvp 7 2 X & ’é:‘a. ’33 hurh -

5O de.srstafow.do.SQL |-

8@ deaistaton.exene || 2 |

pil
prioritat | Indviduele Prioritat | Datum der F. | e

® @ de.sristafio. form.Form || Name des Arbeitsscivittes | Indvidueller Name des Arbeltsschrittes | Name der Pr Name der Instznz | Stele | Datum der
#-@ de. aristafion. form. Gene
5@ de.aristafiow.java.Statc
8- dearistafion.mal.Fome | ) |
5O de aristafiow.mal.Send! =

9@ de aristafiow.omaccess. |~ Attribute :‘

@ de.aristafiow. openofiice | — —— -
SAnskaHow-KliEnt - supervisor (supervisor) AQ])SI

#-© de.aristafiow.openaffice RIS
=0 dezristafoniesior | Approve
(-1 XOR Predicate

-5 I te
@ de.aristafiow.tools.5SH | Input data
%@ de.aristaflow. tools. Fiel

8 S I ARISTAFLOW

iy Parameter Type  Hull V. = Aot Gangirailon
. y «.tools.net. E T
=@ d:::taﬁ::.m:ls.n:t.l helie o Business Process Management
© @ de.xistafiow.toosinet.t | Mowvawon™ sne O [0
e B I mreee O [ = . =
= | Arbeitsbereich | Receive customer request and collect data (FORM)
[ properties 23 |2 Problems] [ | [ Confim [ Suspend -
e rr— NodaBai [Come e o tore | Al aben (1 Requests data like customer's name, street and dity, the ordered product and the amount.
Basics ode Basi e
Scheolie | - [T OrderingProcess (15.05.09 16:40 2 br = PO
Houting e Lastrefresh at: FriMay 15 16:42:00¢ | Erledigte Aufgaben Customer name™ lilnsummazs ;
(B0 pescroton; — Manfred Reichert

Customer strest™ [amesFranckRng Barbara Weber
Staff Assignmen Customer DW' Ulm . . o .
S Enabling Flexibility in

-4’—,_9 Laufende Requestedproduct™  Enter a sngle book name or DV / CD tite. PrOCESS- Awa .
Aufgaben Ihe Hitchhiker's Guide to the Ge

reamdqunits [ 0 = Information Systems

Confirm ” Suspend || Reset ||Fi=’dd§:ard|

(hallenges, Methods, Technologies

¢ »

lemMy-ss22014 Ul AH)1g

@ Springer

www.aristaflow-forum.de

Reichert, M. et al. (2009) Enabling Poka-Yoke Workflows with the AristaFlow BPM
Suite. In: CEUR Workshop Proceedings 489.
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Adaptive and Flexible Processes: Research Transfer

Flexible Support of Clinical
Pathways with AristaFlow

Partners:

Jan Neuhaus, Claudia Reuter
Fraunhoferinstitut Dortmund

taFlow Monitoring

=181
Be Window bel

it | @ £ 2 Instance Cha.... | I Monitoring
TN

=g
B4+ — 5 X [ Agorereshevery 55

Reload Tue Mar 31 1053151 CEST 2009 Runring
T Superworkdl
T Examination
T spot-test2 (;
T Iv-WBS (27
T spor-testi (;

[

Behandlungsplan bearbeiten

Patientenverwaltung

v

Behandlungsplantyp: “Rickenleiden”
Behandlungsabschnitt: "Ambulante Diagnostik”

Patient: Mejer, Hans *28.

a0 Willkommen, He

POT Ihr Behandlungsplan

Behandiungsplan Rickenleiden
Anamnese und i

Klinische

Radiologische Prufung der

4 Untersuchung | Befunde Hier erhaltan Sie sine Ubarsicht ber iren
Ki Untersuchung persdnliichen © Behandlungsplan. Durch Aus-
Instance History: - wihlen einzelner Behandlungsschritte werden lhnen
tmestanp Tiradetams [nodeid [ Reration [ ageréiD Tagertor; detaillierte informationen angszeigt
2009-03-31 10153:14.953  NODE_FINISHED Roentgeruntersuchung 13 0 supervisor (-1) Supervist
2009-03- 13.437  NODE_STARTED Roentgenuntersuchung 13 0 supervisor (-1) SUpETVISE
NODE_ACTIVATED 13 0 2 &
* Rosnk geruntersuchung? 7 o spenisar (1) speni VAriante auswahlen und auf Behandlungsplan anwenden
NODE_STARTED Roentgenuntersuchung? 7 0 supervisor (1) supervist
lme,:gm:;gg L g Radiologische Untersuchung einfugen Grau markierte Behandlungsschritte konnten Sie
m}crmr:n : 2 Elektrophysiologische hung einfiigen bareits srfolgraich abschlisBant
NODE_FINISHED 18 o supervisor (-1, Supervis
0 » Iv\r\—‘fw\nm . - am e -...E \3 - e = Ihr ndchster Behandlungsschritt: Termin zur
Ubernehmen Abbruch radiologischen Untersuchung am
30. September 2008 um 14:30 Uhr bei
Dr. Schrder (@ mahe Informatianen)

Behandlungsmanagement - Arztsystem
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Adaptive and Flexible Processes: Research Transfer

Process-aware, Cooperative Emergency Management for Water Infrastructures
Partner: TU Darmstadt

[ it o low Pros evs Tesmplate Edios
Flo View Window Hebs =811

JECT = I 1" e, el 8

< Hamyter 53| . [ s | = 0| oot s i saac Bsebressioneita) | =) (I =0
ol = - n rations d

[ ————" _ peeielocton

> sandbac [ postsslecton

3 Pregectes 13 |2 Probioms| 3 Templotebinsgervon | 7 0[5 oution | 1 bt et vew 20 =0
B 14
b Template Basics TT Remisa USERCEFRED W jova s Ren.

Advarced 1 Requests wi N
- s 0 e Ont L]
Hare: bestebon o briben 12 Meeshesctamderg  STRDG 1
Tratarce Name Temglste: 3 RenRSetTa L
"% MasanshimeniD INTEGER N
Ossriotiors ) Honthddess STRING N
4 oo STRING N
s Arweerdrcet d INTEGER N
E 7 erstelRl wl N
Tomlite Supervece: A=, RS (eweu ] ¥
t | _'l_ L host STRING N

A. Wagenknecht; U. Rippel: Improving Resource Management In Flood Response With Process Models and Web GIS. In: 16th TIEMS Conf., 2009
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DBIS Experiences with
Mobile Applications

Mobile Process and Task Execution

Location-Based Augmented Reality ..

Mobile Data Collection

Mobile Crowd Sensing

Mobile Application Engineering

Mobile Navigation
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MARPLE — Mobile Process and Task Execution (1)

Approach 1

Approach 2

Approach 3

Physical Process Fragmentation

Logical Process Fragmentation

Single Mobile Task Handling

/ "
statically  / , statically

determined I.' determined
/
/

/

mobile
fragment

mobile
fragment

migration : dynamically migration : dynamically
determined determined

P 4 ~
- ~
- “A
¥

~ . migration : dynamically
“.  determined

()—()<8>(HJ

central process : coordinating the fragments

I
dynamically !
determined ,' " determined

I
[

mobile
task

mobile
task
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MARPLE — Mobile Process and Task Execution (2)

Process Patient treatment

Management
System

GSM, GPRS,UMTS
W-LAN

controls
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MEDo — Mobile Task Definition and Execution in Ward Rounds

SOROW Station 5¢ Now Task |
« Support ward rounds using smart mob,, | == Now Task |
: i Station 5¢ Miuller, Tabea Neue Aufgabe
an .21, Raum 3.07, Bett 2
* document ,on the fly* while examine patients 2 (a]v
Pan| Ubersicht Anamnese Vitaldaten Diagnostik Medikation
» start processes based on sensor data apa| | Deemostik )

Fried

Diagnostik

* mobile ,task management* for each user o] ] Laboruntesuchung

Kla

Sch
. connect hospital informations ystem for addit L
. Pak|
patient data -
3.05
Har
Sigd
D/ 307
Ml
tasks
o[:% ==
[ — |
| — |
workflows patient
information Neue Anforderung ¥ 7] e (7
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QuestionSys — End-User Development of Mobile Questionnaires

’
Q Questioneer

ﬁ Undo .f*’ Redo

(= | G S |

Details = B | 57 Builder
Title
Created
Zoom 69% -

@ Offline

Hier kann eine Zahl eingegeben werden (NUMBER_INPUT)

Antwort Text 123689

step 1 2 3

r = 8

Hier kann ein Datum eingegeben werden (DATE_INPUT)

Antwort Text 2014-01-14

Wihlen sie die Bereiche aus (RANGE_INPUT)

Complex elements

1strum m

Page
Instrument

Decision

Decision

Simple elements

Text

Antwort Text l I . l I
1 2 3 | 4 I 5 6 7 | 8 ‘ 9 \ 10
Einzelauswahl als aufklappbare n 12 | 13 ’ 14 | 15 | 16 20

Antwort Text

Block aus verschiedenen Fragen (QUESTION_BLOCK)

Geburtsjahr

Analphabet

Ausbildung

: next questions will involve drugs. Please choos
r answers carefully.

m

v old are you?

m

1 >
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QuestionSys —
PI’O CeSS-Dl’Iven _ Page 1: Initial Questions
M O b I I e Dat a CO I I eCt I O n Lorem ipsum dolor sit amet, consetetur sadipscing elitr, sed diam nonumy eirmod tempor

invidunt ut labore et dolore magna aliquyam erat, sed diam voluptua. At vero eos et accusam et
justo duo dolores et ea rebum. Stet clita kasd gubergren, no sea takimata sanctus est Lorem
ipsum dolor sit amet. Lorem ipsum dolor sit amet, consetetur sadipscing elitr.

1) Do you smoke? yes

2) Do you drink alcohol?

Cigarettes  Alcohol

Alcohol  Cigarettes Quantity Quantity

[ /
| 4
7/
Page Page /] Page
Intro General Outro
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Blood Sugar Diary — Mobile Sensing

« Enable patients to fully track their blood sugar level after measurement
e customizable wizard to guide user through the measurement process
* connects with external sensors (via bluetooth) to collect data

» extensible framework to integrate other sensors

. enrich data collected with meta information

* diagrams and pdf export functionality

4

Ubertragen

17.03.2014 - 23.03.2014
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TrackYourTinnitus — Mobile Crowd Sensing

«a >»

App herunteriaden
St ares 1 1t it bt S - EROOPR ——
wnge Frages sur mututaches Lmssang, ‘_J Wch o hgm Agy Brere odes fur

Irack

<Your,

TIinnitus
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AREA — Location-Based Augmented Reality

 Augmented Reality to enrich the camera view of
Smartphone with different information, e.q.,
» Points of interest (POI) 1= Tourism Apps

»  Trails =z Tourism Apps (e.g. guiding hikers)

» Goods in a warehouse = Logistics
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AREA — Process-Driven Asset Tracking
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AR 3D — Augmented Reality Enabled Process Model Configuration
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Inhouse Navigation
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Mobile Access to ERP Systems

« Example: SAP Mobile Infrastructure
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Connected Health Opportunities
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Connected Health Opportunities

Fitness
Equipment

Breathing
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Thank you for your kind
attention — Questions?
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