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Summary
In this thesis a project on business process improvement for the ‘Gastro-Intestinaal Oncologisch
Centrum Amsterdam’ (GIOCA) outpatient clinic in the Academic Medical Center (AMC) is described.
GIOCA focuses on patients with a tumor in their gastrointestinal tract and tries to arrange all
consults and examinations on one day. In the morning the patient visits the outpatient clinic for an
anamnesis and the required examinations. At the start of the afternoon the related specialists
discuss the patient case and create a treatment plan during the multidisciplinary meeting. In the
afternoon the patient is informed about the results of the multidisciplinary meeting and treatment
plan such that the patient leaves the hospital without any uncertainties and is fully informed about
the results of the examinations and proposed treatment.
The goal of the project is as follows:
Identify process improvements and investigate the requirements and feasibility of implementing a
Workflow Management System to support the GIOCA process in the hospital.
Methodology
Shadowing the process, interviews with employees and existing documentation form an important
part of the input of this thesis project. Three project phases can be distinguished along which the
project has progressed:
1. As-Is process mapping
2. As-Is process analysis
3. Proposing process improvements
Literature on corresponding topics has been used together with the above mentioned types of input.
For the process mapping and analysis literature on BPMN notation has been consulted and has been
extended by symbols specific for this project. These extensions include symbols to annotate
resources, used information systems and to be able to show linking points between the sub models.
The process improvement phase includes input from literature on Business Process Redesign and
Workflow Management Systems.
Mapping and analysis
On the highest level the GIOCA process can be seen as four major sub processes; Application and
triage, GIOCA diagnosis day, Treatment and Follow up. These four sub processes have been mapped
and elaborated on in more detail, creating 15 sub models.
During the analysis of the current GIOCA process four problem categories have been identified.
•
•

On paper:
Shallow digital:

•

Double work:

•

Other waste:

Activities that are done or involve work on paper.
Activities that are done using ‘shallow’ digital software, thus not in
an integrated system, e.g. email or MS Word.
Activities, or parts of activities, that have been performed earlier or
have to be performed multiple times.
Activities, or parts of activities, that add no value to the process and
are not classified as double work.
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These problem categories have also been visualized in the process mapping by annotating the
models with colored symbols that represent the categories.
Process improvement
The process improvement propositions that have been identified have been structured according to
three layers that were identified for this project:
1. Propositions that do not require the use of (additional) IT
2. Propositions that do require the use of additional IT
3. Implementation of a Workflow Management System
Improvements that have been proposed in the first two layers are listed in Table 1.
Propositions without (additional) IT
Propositions with additional IT
1.1 Improve the new patient application from the 2.1 Let the referrer send the new patient
referrer
application through the internet in digital
format.
1.2 Improve the check of the new patient
2.2 Online application form on the GIOCA
application by the administration
website that is linked to Norma.
1.3 Batching the patient groups for triage
2.3 The referring hospital sends the location of
the imaging on their network so that the
AMC can retrieve the images.
1.4 Not planning examinations before triage
2.4 The referring hospital’s imaging can be
judgment
accessed directly with Impax.
1.5 Let the GIOCA administration plan the
2.5 The AMC reserves free space for referring
examinations
hospitals to place their imaging on the
network.
1.6 Fill out the application for additional
2.6 Query the required information from Norma
examination during the MDM
1.7 Use Norma instead of the paper or digital
2.7 Triage sheet in Norma
application sheets
1.8 Fill out the application for treatment, and
2.8 Digitalize additional information for
plan treatment immediately after the MDM
examination (e.g. sedation list)
1.9 Decide who will prepare a letter for the
2.9 Print the required information from Norma
referrer and general practitioner
1.10 Use Norma to check the letter instead of a
2.10 Link MDM sheet in Norma to other sheets
printed letter
1.11 Change the order of activities for preparing
2.11 Improve Norma and remove the errors
and sending a letter
1.12 Train the GIOCA administration to spot errors 2.12 Make a printable application for treatment
and correct them.
1.13 Let the Radiotherapy plan all treatment
2.13 Make use of a speech recognition system to
appointments
generate letters.
1.14 Do not plan a second consult with the
2.14 Create a Norma sheet for the Oncologist,
Oncologist before chemotherapy
Radiotherapist, nurses and ward doctors
1.15 Record the letter on a computer and send the 2.15 Planning tool for the GIOCA afternoon
typed letter in a MS Word document.
consults
1.16 Radiotherapy should send an e-mail directly
to the OR-planning and GIOCA administration
1.17 Change the CP places to NP places and vice
versa
1.18 Afternoon manager
Table 1: Redesign propositions with and without additional IT
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Investigation of the information requirements of the activities showed that not all information is yet
available in digital form, which is required when physical handovers are eliminated by implementing
a Workflow Management System. Implementing propositions that have been mentioned above can
solve this. Proposition 2.1 can e.g. support the information received from the application and 2.8 the
additional information like the sedation list, required to request an examination.
Flexibility requirements have been investigated since several process definition languages are
available and not all are able to support all flexibility requirements (Mulyar, 2009). The investigation
showed that flexibility by underspecification is preferred to define the GIOCA process, which means
that parts of the process should be defined at run time. One other outcome is that BPM|one, which
is already in use at the AMC for referral from general practitioners to some outpatient clinics, is not
able to support this type of flexibility. Also there is no employee in the AMC with sufficient
knowledge on the technical details of the package, which means almost anything that concerns
BPM|one has to be outsourced.
As the engine of the BPM|one Workflow Management System may require patient specific
information to be able to route a patient correctly through the process, the current ICT architecture
has been mapped. The investigation shows that links have to be created with X-Care and Lab ZIS to
be able to extract the following information that is required to execute the correct activities:
•
•

Dates and times of appointments
Blood values

Other information that is required for routing the cases but can be retrieved from the user interface
or logged from the activities are:
•
•
•
•
•
•
•

Choice on examinations by the Radiologist
Choice on treatment or examinations during the MDM
Choice on treatment in the GIOCA afternoon
Choice on additional examination or MDM during the follow up phase
Expiration date of CT-scan
Expiration date of blood values
Expiration date of sedation list/ informed consent

Four options are being proposed in this report to retrieve the required information from X-Care and
Lab ZIS.
•
•
•
•

Create a filter that filters out the HL7 messages (HL7, 2011) that are sent by the applications
and only store information of the required patients.
Create a simple application that is able to query information from the application database.
Link the ‘Workflow Relevant Data’ database to ZOUGA.
Create a simple application that is able to write information typed in the ‘User Interface’ of
the ‘Worklist Handler’ into the ‘Workflow Relevant Data’ database.

V

Discussion and conclusions
As the Dutch government does not allow a national electronic patient record, digital referral
including images and automated addition to the hospital’s patient record is costly as separate links
between all different systems have to be created.
Furthermore, additional investigation is required regarding the possible adaptation of Norma, and
the desirability of adapting it in one single project instead of separate adjustments.
Although it is known what is required to implement a Workflow Management System, the actual
implementation will not be possible on short notice. First of all, it will require a high initial
investment and building the process definition will have to be outsourced. Links with X-Care and Lab
ZIS are implementable following the four proposed solutions. Linking the Workflow Management
System with ZOUGA seems the cheapest option but is not preferred.
It should be possible to implement some of the propositions of the first two layers without too many
costs and on short notice. It is then useful to select the improvements with largest impact on
important performance measures, as using Norma instead of the paper applications, and prioritize
them accordingly.
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1 Introduction
Current circumstances in the healthcare domain require the hospitals more than ever to improve
their processes. One example is the savings demanded by the Dutch government on spending in
healthcare. Not only the government, but also patient related factors play an important role.
According to ‘Statistics Netherlands’ (CBS), ageing of the Dutch population will increase the coming 5
years. Following their calculations, the number of people above the age of 65 will increase by half a
million, an increase of 19% (CBS, 2010), which means spending in healthcare will increase as elderly
people on average require more care (CBS, 2008). Also initiatives by health insurance companies to
increase the knowledge of patients about hospital quality (Zorgkaart, 2011) can be seen as a
motivation to improve processes.
Over the years multiple initiatives have emerged that describe methods with which businesses can
improve their processes. Examples of such programs are Total Quality Management (Hackman &
Wageman, 1995), Six Sigma (Linderman et al., 2003), Lean Management (Womack & Jones, 1996)
and Business Process Reengineering (Hammer & Champy, 1993), often also referred to as Business
Process Redesign, which all have their own philosophy, focus and tools to improve processes.
The healthcare domain in general does not seem as adaptive for such strategies as is the general
business as fewer examples of implementations can be found in literature. The same holds for the
implementation of Workflow Management Systems (WfMC, 1995) to support processes. These are
systems in which the engine of the Workflow Management System interprets the process definition
and routes the object accordingly. The engine identifies and creates the required activities that have
to be distributed to, and performed by, the right resources. Some of the reasons why such systems
are not yet widely introduced in the healthcare domain are the following:
•

•
•

Processes in healthcare are often not completely definable before they are initiated because
medical decision making depends on e.g. the physician’s experience and available
information (Lenz & Reichert, 2007), which may differ for each patient.
Healthcare processes may be subject to exceptions (Quaglini et al., 2001).
Not all systems support the requirements of the healthcare processes regarding such
exceptions and flexibility (Schonenberg et al., 2007).

This project aims at the use of Business Process Redesign (BPR) and support by a Workflow
Management System in the healthcare domain. Therefore a single process within a hospital is
selected and is shown how improvements are possible using BPR. By shadowing the process, using
academic literature and existing documentation on the process, the GIOCA process is mapped and
analysed, and process improvements are being proposed. Subsequently is investigated what
requirements for support by a Workflow Management System are regarding the digital format of
information and process flexibility.
As a result of the investigation 33 process improvements are proposed, of which most can be related
to best practices of Business Process Redesign (Reijers & Liman Mansar, 2005). Only 15 of these
propositions involve the use of additional IT. The feasibility analysis of support by a Workflow
Management System includes a description of the information required by activities that is not yet in
digital form and the required process flexibility that should be supported by the system. Next to this
1

it is investigated whether current Workflow Management Systems are able to support such
flexibility, and in what way the system can be embedded in the ICT architecture that is currently in
place at the hospital.
The report is structured as follows. Chapter 2 describes the background of the project and work from
related literature. In Chapter 3 the research context and methodology of the project is described.
Chapter 4 describes the as-is situation of the process. This includes the description of the processes,
the mapping of the processes into a visual representation, and concludes with the analysis of the
process. In Chapter 5 the process improvements are proposed of which some involve the use of
additional IT. The chapter also contains the investigation of support by a Workflow Management
System. Chapters 6 and 7 respectively contain the discussion and conclusions.
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2 Background and related work
This section provides an overview of literature related to the project. In section 2.1 the concepts of
Business Process Redesign (BPR) and Business Process Management (BPM) are discussed, as well as
their use in Healthcare. Section 2.2 focuses on Workflow Management Systems in general, and the
use of such systems in the Healthcare domain.

2.1 Business Process Improvement
An organization performs one or multiple value adding activities, with the goal to improve
shareholder wealth. Organizations might therefore want to control their processes, so that quality of
the product or service does not drop below a certain level, or identify opportunities for
improvement.
A sub goal may be to reduce costs where possible and increase process efficiency. A first step to
accomplish this is to monitor current processes before evaluating them. By monitoring the business
processes the knowledge of how the processes are behaving may improve, and there is then a
possibility to inspect whether improvements in the process might be possible to come to a satisfying
result. This becomes more a point of concern now that global interdependencies between
companies are more critical, change in market and technology is accelerating, and because of this
the markets require companies to be more flexible and adaptive (Malone & Crowston, 1994).
Nowadays the required technology is available and widely used across multiple types of industries,
meaning there is a reduced risk of implementing new technology, and providing new possibilities for
process control and improvement.
2.1.1 Business Process Redesign
One of the initiatives to reply to these changes is Business Process Redesign/ Reengineering (BPR).
Hammer & Champy (1993) define BPR as ‘the fundamental rethinking and radical redesign of
business processes to achieve dramatic improvements in critical contemporary measures of
performance, such as costs, quality and speed’.
Davenport & Short (1990) describe BPR as alike, and also describe the relationship between
Information Technology and Business Process Reengineering. According to Davenport & Short (1990)
there might be multiple objectives for business process redesign. Examples of these objectives are
cost reduction, time reduction and output quality. Often it is not possible to redesign the whole
process at once, so only the most benefiting activities will be taken into consideration for redesign.
The next step is then to measure and understand the existing processes to make sure the same
mistakes are not being repeated. As their focus is on the combination of BPR and IT they mention it
is important to consider the capabilities of IT systems while designing the system and not only
looking at it after designing is completed since IT systems can create new possibilities besides only
supporting a design. When all this is done a prototype of the system may be built.
For Business Process Redesign there have been initiatives of setting up ‘best practices’ which can be
used as a guide to improve business processes. One of these best practice guides is the article by
Reijers and Liman Mansar (2005) where they state redesign initiatives cannot improve all four
dimensions organizations are interested in; quality, cost, time and flexibility. Improving multiple
dimensions most often means sacrificing one other, formed in as what they call the ‘devil’s
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quadrangle’. The best practices that are elaborated focus on different aspects. These include
customers, process operation, process behavior, organization, information, technology and the
external environment. Examples of such best practices are parallelization of activities, composition
of multiple smaller activities and flexible assignment of human resources.
2.1.2 Business Process Management
There is one theoretic initiative that takes the redesign of business processes a step further, which is
Business Process Management (BPM). As is stated in the article by Leymann et al. (2002), ‘Business
Process Management is all about transferring the results of Business Process Reengineering into
production’. Which means BPM is broader than only redesigning the business processes but also is
about implementing these changes and to perform process monitoring for continuous
improvements. It can therefore be classified as an iterative process as shown in the Business Process
Management life-cycle that is introduced by Reijers and van Hee (2004), which shows the steps that
should be included in a BPM project, and is depicted in Figure 1.

Figure 1: BPM life-cycle

2.1.3 Business Process Redesign in Healthcare
The concept of Business Process Redesign can also be applied in the Healthcare domain. Taking a
look at BPR literature in the Healthcare domain, the literature study by Elkhuizen et al. (2006) looked
at 86 redesign studies and shows that most of the redesign initiatives have the objectives which
contain the length of stay of patients (34%). Other important objectives include cost reduction
(29%), resource utilization (24%) and waiting time (19%). The above mentioned objectives are also
often mentioned in the results of the studies (59%, 31%, 33% and 28% respectively). In addition also
patient satisfaction is an important result characteristic, being mentioned in 29% of the studies.
A couple of BPR interventions that were used in the studies have been identified. The most popular
intervention is the ‘Change in process sequence or organization of the process’ (in 55% of the
studies) followed by ‘Revision of professional roles/ skill mix changes’ (33%) and ‘Changes in physical
structure, facilities or equipment’ (31%). These seem to be related to BPR best practices as identified
by Reijers & Liman Mansar (2005).

2.2 Workflow Management Systems
Implementation of a Workflow Management System to support the business’ processes may be the
outcome of a Business Process Redesign project. This section will describe such systems and its
application in more detail.
4

2.2.1 Workflow Management Systems
A group of amongst others organizations, researchers and developers engaged in workflow and BPM
joined together and formed the Workflow Management Coalition (WfMC) to create and contribute
to standards and education (WfMC, 2011). The definition of a Workflow Management System by the
WfMC is as follows: ‘The automation of a business process, in whole or part, during which
documents, information or tasks are passed from one participant to another for action, according to
a set of procedural rules’ (WfMC, 1999). Their reference model is shown in Figure 2.

Figure 2: The Workflow Reference Model

The main part, the engine which reads the process model and distributes the work, has 5 interfaces
to other modules. The first interface is for the installing of the business process and its business
rules. The second and third interface are related to the employees executing the activities, one to
accommodate a work list and one to invoke applications to be used to execute the activities. The
fourth interface supports cooperation with other workflow management systems, which may be
required when cooperating with other organizations. The last interface is for management to
monitor the process instances, running cases or resources. The engine makes sure that the work is
distributed according to the process and its rules, places it in the correct work list and adds status
information to the underlying database. One other example of workflow reference architecture was
made in the Mercurius project (Grefen & Remmerts de Vries, 1998). The reference architecture was
set up differently, using a workflow server, workflow clients and workflow design module. However,
the 5 interfaces as identified by the WfMC can also be indirectly found in this reference model.
The benefit of a Workflow Management System is the separation of process logic from the
application logic, where normally they are embedded in the same system (Sadiq & Orlowska, 1999).
This way the applications can be invoked as separate specific activity support applications (Stohr &
Zhao, 2001) instead of having to link separate applications to support the handover of work. When
the number of applications is high, and processes or activities have a chance of being adapted, this
may give a lot of work to adapt the links between the applications.
2.2.2 Workflow flexibility
One of the issues that have been identified for current Workflow Management Systems is about
flexibility (Song, et al., 2006). Since the Workflow Engine uses the Process Definition to start a
5

process instance, it is required to have it complete to get the process finished. Not all workflow
languages are able to cope with uncertainty on this point. One way to cope with inflexibility is the
use of ‘Event Condition Action’ (ECA) rules (Luo et al., 2000). The outcome of an activity is checked
with relevant conditions on which appropriate action may be initiated. Another possibility would be
to create a ‘Build’ function in which activities can be put in a ‘black box’ part of the process, so the
process model is completed ad hoc (Sadiq et al., 2001).
Schonenberg et al. (2007) studied the available literature and conclude there are four main types of
flexibility requirements:
•

•
•

•

Flexibility by design, the ability to include the alternative execution paths within a process
definition at design time, such that the most appropriate path can be selected at run time
for each instance.
Flexibility by deviation, the ability of an instance to deviate at run time from the prescribed
path without altering the process definition, only by changing the sequence of tasks.
Flexibility by underspecification, the ability to execute an incomplete process definition
where at run time the process definition is completed by providing a realization of the
undefined parts.
Flexibility by adaptation, the ability to adapt the process definition at run time that can be
transferred to one or all process instances, thereby being the only type where the process
definition is actually changed.

Many of the solutions found in literature are not supported by all workflow systems and mostly only
available in research prototypes, and not in commercial packages. Such research prototypes include
ADEPT (Reichert et al., 2003), OPENflow (Halliday et al., 2001) and YAWL (van der Aalst & ter
Hofstede, 2005).
2.2.3 Workflow Management systems in Healthcare
While commercial organizations like banks seem to be implementing Workflow Management
Systems often, this process-oriented view is not always used in the Healthcare environment yet.
Hospitals are still having a function-oriented view, where functions are ruled by medical specialists
and applications are only used for their own department’s (sub) processes instead of the main
patient process.
Examples in literature are a case study in which a commercial Workflow Management System is
implemented in two hospitals (Murray, 2003) and the modeling and creation of a Workflow
Management System for a Radiology department (Zhang et al., 2009). The applications found in the
literature almost all concern organizational processes. A distinction between these organizational
processes and medical processes is also described by Lenz & Reichert (2007). Possibilities and
challenges they describe are on the use of Information Technology for Healthcare processes e.g.
interdisciplinary cooperation. Another investigation of difficulties in the implementation of
Information Technology in the Healthcare domain is done by Song et al. (2006), describing medical
guidelines, definitions of terminology and flexibility of processes.
Organizational processes
Organizational processes do not have anything to do with direct care towards patients and include
e.g. planning machinery or surgeons, transportation of patients and information. In practice the
6

manual coordination of all these tasks may lead to organizational problems and high administrative
workload. As a consequence errors might occur like missing information, and patients might have to
wait longer before getting treatment (Lenz & Reichert, 2007).
Integration of applications is one of the improvements Information Technology can bring to the
organizational processes in hospitals, as proposed by Lenz and Reichert (2007). Integration between
the department’s applications should be based on reference frameworks which include
specifications of interfaces and protocols, on which programmers can base their applications or
software components. Health Level Seven (HL7) is an example of such standardization and tries to
create uniform terminology and interoperability of health Information Technology (HL7, 2011). Too
much integration between applications may become complex on the long run and creates an
inflexible structured ICT architecture. The fact that Workflow Management Systems separate the
process logic from the application structure makes the use of such a system attractive.
Medical processes
Then there are the medical processes, consisting of observation, reasoning and action aimed at
decreasing the uncertainty of a patient’s disease or its state. The decision making on a patient’s
treatment cannot be done by simply performing some steps as proposed in a guideline. Each patient
has its own risks and values and physicians should evaluate these on individual basis. Most
knowledge of treatment is also tacit (Lenz & Reichert, 2007), thus only known by the specialists
working in the discipline. This means that software cannot simply automate decision making, but
may only come up with the correct and understandable evidence to support this decision making
and maybe even oppose some direction for treatment. This means that support for these processes
is not done by the regular Workflow Management Systems mentioned above. Languages to support
medical guidelines and their executions are GLIF (Boxwala, et al., 2004) and EON (Tu & Musen,
1999).

2.3 This project
As shown in literature Business Process Redesign is not yet widely used in the healthcare domain.
Also shown is that healthcare processes have to be flexible and most efforts on Workflow
Management System flexibility are still on research prototypes instead of commercial packages.
Therefore it is helpful to have a case study to investigate the possibilities and requirements of BPR
and Workflow Management Systems in a real life health care process.
This project functions as a case study where the focus is on one specific process in a hospital and is
shown how to improve it using:
•
•

Business Process Redesign
Involving e.g. rearranging of activities or extending the use of current IT systems.
Workflow Management System
Investigating the specification, flexibility requirements and technical feasibility.
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3 Research context and methodology
This section will give an overview of the context of the thesis project by looking at some key figures
of the Academic Medical Center itself and trends in Healthcare in the Netherlands. This is followed
by a description of the GIOCA outpatient clinic and the thesis project.

3.1 The Academic Medical Centre
The ‘Academic Medical Centre’ (AMC) is one of the eight university hospitals in the Netherlands and
closely linked to the University of Amsterdam (UvA). The primary task of the AMC is of course the
treatment of patients. Second and third are the tasks of conducting scientific research and the
training of students to become doctors, and doctors to become specialists. The AMC was founded in
1983 when two hospitals, the ‘Wilhelmina Gasthuis’ and the ‘Binnengasthuis’ merged with the
medical faculty from the UvA. In the years that followed the ‘Emma Children’s Hospital’ also joined
and the AMC became the home of the Netherlands Institute for Neuroscience, the medical
department of the Royal Tropical Institute and the Academic Psychiatric Center.
Key figures show that the AMC yearly processes 28.000 clinical admissions, 29.000 day care
admissions and more than 378.000 outpatient visits and has 7000 employees in total (AMC, 2009). In
2009 the AMC have nominated 4 types of patient care as their main priorities of which one is the
gastro-intestinal oncology which includes the ‘Gastro-Intestinaal Oncologisch Centrum Amsterdam’
(GIOCA) which started in May 2009 and is the focus of this project, and ‘ColoRectaal Cancer
screeningscentrum’ (CRC).

3.2 Healthcare trends
Figures from ‘Statistics Netherlands’ (CBS) show that the ageing of the population will rise the
coming 5 years and the number of people over the age of 65 will increase (CBS, 2010). The
Healthcare environment has to cope with this as the money that has to be spent will increase
significantly since elderly on average require more care, as can be seen in the amount spent on
average on ‘Algemene Wet Bijzondere Ziektekosten’ (AWBZ) for people above 65 of age (CBS, 2008).
The AWBZ is obligatory in the Netherlands and is used for reimbursement of costs not covered by
regular health care insurance, e.g. long-term stay in a hospital.
Cancer figures show that the incidence rate, number of cases per 100.000 people, of cancer related
to the gastro-intestinal tract, have increased by over 30% in total, and more than 10% when
standardized on age from 1993 till 2008 (IKCnet, 2011). The group with highest incidence are people
from 60-74 followed by 75+. This means the number of new cases of cancer will, combined with the
ageing of the population, most certainly increase further.
Also the health care insurers are getting more aware of the costs involved and competition is also
becoming more intense for them. One of the initiatives of Healthcare Insurers is e.g. the ‘Zorgkaart’
(Zorgkaart, 2011) by among others Zilverenkruis Achmea, where care consumers can find and place
their experiences with care givers.
These are just three examples of motivators which make hospitals like the AMC aware of the need to
analyze their procedures and processes and to look for possibilities to increase internal efficiency
and quality towards the patient. This is also supported by the fact that the AMC has set up a
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separate department called ‘Quality and Process Innovation’ to take care of patient safety, patient
orientation, Evidence Based Medicine and Logistics, which are the four pillars which they identified
to be essential in the development of good care.

3.3 Gastro-Intestinaal Oncologisch Centrum Amsterdam (GIOCA)
The GIOCA outpatient clinic is operational since May 2009 and focuses on the diagnosis of patients
who are suspect of having a tumor in their gastrointestinal tract. The GIOCA process can be divided
in two, first the diagnosis at the GIOCA outpatient clinic followed by a separate treatment part,
following regular procedures. New patients may be referred internally from the AMC, by other
hospitals or by the patient themselves requesting a second opinion.
The intention is to have a one day outpatient clinic where the patient undergoes examinations and
leaves the hospital in the afternoon with a treatment plan that is agreed upon by the involved
specialists during the multidisciplinary meeting. Patients are classified in one of the three following
groups and, when successfully applied and triaged, may visit on the corresponding GIOCA diagnosis
days:
•
•
•

Tuesday: The Colon (CRC) group for patients suspect of a tumor in their intestines.
Wednesday: The Esophagus (OES) group for patients who are suspect of a tumor in the
swallowing pipe or stomach.
Thursday: The Hepato-Pancreato-Biliary (HPB) group for patients suspect of a tumor in the
liver, pancreas or biliary tract.

The treatment of a GIOCA patient requires involvement of a lot of specialties. During the GIOCA day
a Surgeon, Gastro-enterologist, Radiologist, Oncologist, Radiotherapist, the GIOCA nurses and GIOCA
administration have to be present. For further treatment next to the general surgery related
resources, the nutritionist and physiotherapist play an important role in the recovery of a patient.

3.4 The project and methodology
In this section the project proposal and methodology of the project will be discussed in short.
3.4.1 Project proposal
There are a couple of factors, of which some have been mentioned so far, that this project is based
upon:
•
•
•
•
•

The GIOCA outpatient clinic is a priority area of the AMC.
There is an increased interest in patient care by health insurance companies.
There is an increased interest in the introduction of Workflow Management Systems in
Healthcare.
The number of patients diagnosed with cancer in the gastro-intestinal tract has increased
over the last years, and will continue to do so.
In the future more outpatient clinics may be designed as one-day diagnostics.

This project tries to improve the GIOCA outpatient clinic for the future, making processes run more
efficiently. Also, the findings can be used as a reference for other outpatient clinics that will be
designed in the future. The focus should be on improving quality of service towards the patient and
reducing unnecessary time spent on activities.
9

The esophagus group was chosen as the main focus because of the more complex care. The colon
group differs as their treatment mainly is surgery, which is often performed at the Flevoziekenhuis in
Almere as well. The HPB group also has surgery as their main part of treatment. The process up to
treatment however does not differ, except for the required examinations.
3.4.1 Methodology
The main phases of this project are the modeling of the as-is situation (1), the analysis of the as-is
situation (2) and the subsequent identification of redesign proposals (3). The project phases, the
used sources of information and the output are graphically depicted in Figure 3.
Multiple sources have been used as input during the three phases. A large part of information was
obtained by shadowing the GIOCA nurses and conducting interviews with multiple resources from
multiple departments including Radiology, Oncology, Radiotherapy and ICT. An extensive list of
inquired employee functions and existing documents can be found in appendix 1. Another source of
information was Information Systems literature. Literature on process modeling in the start of the
project followed by literature on redesign and workflow management systems in the last phase.
Inputs for the project that cannot be found in literature are the BPMN extensions that have been
used in this project, and can therefore be seen as an addition. Also the methodology in general,
including the identified project phases, is specific for this project. The output of the first two phases
is the outcome of the BPMN notation and the specified extensions used to create the process
models. In the last phase general and IT redesign propositions and a feasibility investigation for
support by a Workflow Management system is generated. The report is structured following the
project phases, and the mentioned output is thus structured accordingly.

Figure 3: Methodology
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4 Current GIOCA process
The project starts with the investigation of the as-is situation of the process. On the highest level,
GIOCA can be divided into four parts, Application and Triage, Diagnosis day, Treatment and Follow
up as depicted in Figure 4.

Figure 4: High level process description

This section starts with a short discussion on the modeling notation that will be used. Subsequently
in section 4.2 the four sub processes will be discussed. In section 4.3 the Information Systems used
within the process will be matched to the corresponding activities. This section will be concluded
with the analysis of the process, including the annotation in the process models.

4.1 Modeling notation
The mapping of real life business processes into process models is a useful way to communicate with
business professionals, but may also be the first step in a process redesign project and
implementation of IT systems (Indulska et al., 2009). Next to investigating what types of modeling
techniques are used (Davies et al., 2006), a recent study by Reijers et al. (2011) investigated coloring
of process models to improve comprehensibility and highlight the syntax, e.g. join and merge
operations, of the created process models.
From the study by Davies et al. (2006) can be concluded that MS Visio is most often used for
business process modeling, and that Entity- Relationship diagrams, UML and workflow models are
most often created. For this project an adaptation of the BPMN notation (OMG, 2011) was used to
be able to add additional information in the process models for e.g. information systems used. The
normal BPMN symbols that are used for modeling during this project are listed in Table 2.
Symbol

Explanation
Activity symbol.

Repeat symbol. The activity may be performed multiple times.

At this point in the process a decision has to be made on what
activity is the next to be performed. This may be a direct choice
or based on information generated earlier.
Connector symbol. Is used to link the multiple elements to
generate one process model.
Table 2: BPMN notation

Table 3 shows the elements that are used to extend the BPMN language. Linking points were used
because the process is too large to fit in one process model and clear connections between sub
processes seemed required. Also no swim lanes are used to annotate the resources as this would
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decrease readability of the models and the difficulty to show multiple sources are allowed to
execute an activity, or do so together. Sub processes have been annotated by a double lining instead
of the regular plus symbol, as this might fill the ‘Activity’ symbol too much in combination with the
textual description. More information on extensions for the Information Systems and analysis can be
found in sections 4.3 and 4.4.
Symbol

Explanation
Resource symbol. Contains the abbreviation of the resource
performing the activity. The complete lists can be found in
appendix 2.
Hierarchy symbol. The activity contains sub processes.

Linking point symbol. The start and end point of a (sub) process,
and used to link the multiple sub processes.
Table 3: BPMN extension

4.2 Process mapping
The following sections cover the mapping of the current GIOCA process into the adapted BPMN
notation. Subsections 4.2.1 through 4.2.4 go into the four sub processes as identified in Figure 4.
4.2.1 Application and Triage
The process starts with the new patient application sent by a referring specialist from the AMC or
another hospital. Sometimes a patient applies independently, requesting a second opinion on the
diagnosis of another hospital. When the application is received, a check is performed by the GIOCA
administration whether the patient is new to the AMC. If so, the patient is registered in the hospital
information system, thereby generating a unique patient number. Subsequently the GIOCA
administration checks whether examinations have been performed in other hospitals and whether
all patient information and reports and images of these examinations have been received. When this
is not the case, the hospital is called and requested to send the required information. When all
information is received the CD with corresponding imaging is brought to the Radiology department,
and other information is scanned and prepared for the GIOCA nurses for Triage.
Every morning the GIOCA nurse looks for new prepared patient files to perform Triage when imaging
examinations have been performed at other hospitals. Together with a radiologist they judge these
images and investigate what other examinations are required to diagnose the patient, and if the
performed examination(s) have to be redone. When the radiologist or GIOCA nurse has doubts
whether to continue the GIOCA process and perform further diagnosis a gastro-enterologist is
consulted to make a decision. Next the GIOCA nurse notifies the Radiology administration on which
images to link to the patient database and to be judged by a radiologist. Also the GIOCA nurse
prepares applications for the required examinations, after which they bring it to the GIOCA
administration which will plan the examinations and consults for the GIOCA diagnosis day. In case of
only a few applications, the GIOCA nurse may schedule the examinations herself. The scheduling is
done by walking towards the departments. A letter is printed by the administration of the
examination departments which are sent to the patient by the GIOCA administration. When these
appointments are scheduled the GIOCA nurse will inform the patient through a phone call, add
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information to Norma, and prepare an application form for the multidisciplinary meeting (MDM)
that takes place on the diagnosis day.

Figure 5: New patient application

Figure 5 shows the sub process of a new patient application. The start of the GIOCA process is
indicated by the ‘Start’ link, and linked to the Triage sub process by ‘A’ and ‘R’ for the physical new
patient file and the scanning of the CD respectively. The process model for triage can be found in
appendix 2.
4.2.2 Diagnosis day
The diagnostic examinations and corresponding consults are intended to be done on one day. For
some examination however, sedation is required which means the patient may not have full
attention for other appointments that follow which is undesirable. As a consequence, such
examinations will be planned on Mondays resulting in a two-day diagnosis. When examination is
planned on Monday, the consult with the GIOCA nurse will also be planned on Monday so that it is
not required at the standard GIOCA day.
The standard GIOCA day, without the exception as described above, has two main parts. In the
morning all new patients visit the surgeon or gastro-enterologist for a first consult, after which the
patient visits the GIOCA nurse. The rest of the morning is available for the required examinations at
other departments. At 12:00 all patients will be discussed during the multidisciplinary meeting
(MDM) that is being attended by specialists from Radiology, Oncology, Radiotherapy, Surgery, and
Gastro-enterology. During this meeting the treatment will be discussed that will be proposed to the
patient. After the MDM, the surgeon and gastro-enterologist inform their patients about the
diagnosis and propose the treatment agreed upon by the other specialists. Most often the patient
agrees with the treatment after which introductory consults with specialists corresponding to the
treatment will follow, e.g. when chemotherapy is proposed the patient will visit an oncologist. After
the patient has visited all treating specialists the patient will go home, and the GIOCA nurse will
perform some administrative tasks in Norma, e.g. preparing the nursing letter for the nursing ward
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when the patient is eligible for surgery. The surgeon and gastro-enterologist will prepare a letter
which will be checked on lay out by the GIOCA administration before it is approved. The surgeon will
also apply the patient for surgery when he is been found eligible for.
When the MDM is not conclusive, additional examinations will have to be performed. In this case
the patient will get the result consult with his surgeon or gastro-enterologist and may then leave.
The application form for this additional examination, and its planning, will be performed the next
day together with the new patients that have been triaged. The process models of the GIOCA
diagnosis day can be found in appendix 2.
4.2.3 Treatment
Treatment of patients is always based on protocols that have been formulated for all types of
tumors. The type of treatment depends on the level of penetration of the organ and dissemination
throughout the body. For e.g. esophagus patients the standard procedure is a combination of
radiotherapy and chemotherapy followed by surgery. Radiotherapy is given during 4.5 weeks, five
days a week with one dose per day. Chemotherapy is given on the first day of each week, after the
radiation dose. Then two weeks after treatment a PET-CT is performed to check upon the patient’s
status. When there is no reason to change the treatment proposal, surgery will be performed 2-4
weeks later. When there is, the patient will be applied for the upcoming multidisciplinary meeting.
Radiotherapy treatment starts with the scheduling of treatments by the Plan Bureau of the
Radiotherapy department. The patient’s first visit will be the CT-simulation to find the correct
positioning of the beams to treat the tumor and minimize the damage to healthy tissue. The results
will be discussed in the daily radiotherapy meeting where approval to start the treatment is
requested. The patient will be treated five days a week and have a consult with the treating
Radiotherapist once a week to discuss undesirable effects of treatment for which medicines may be
prescribed. At the end of treatment the treating Radiotherapist records the letter on a recorder after
which it will be typed by typists. Then it is returned for approval before it is sent to the patient.
As radiotherapy is the main treatment, chemotherapy sessions will be planned after the Plan Bureau
sends their schedule to the Oncology department. Before treatment starts, the patient will visit the
AMC to have a consult with the treating Oncologist and an Oncology nurse. The patient may have a
consult with the treating Oncologist once a week when it is requested by an Oncology nurse or the
patient. The cytostatic medication is often prescribed with a proviso on blood values because of the
patient’s health status. One day before a chemo session, the patient is required to let a blood
sample be taken. The Oncology nurse will check the result of the blood test and is allowed to
approve the preparation of the medication when the values are sufficient. When they are not, the
Oncology nurse will notify an Oncologist who may change the dose or even cancel the upcoming
treatment. The letters are prepared in the same way as for the Radiotherapy department.
When a tumor is eligible for resection, surgery may be added to the treatment plan. The patient will
be hospitalized one day before surgery. During this day the intern and nurse will first perform the
anamneses. Afterwards the patient will be visited by all specialists involved with the surgery and
subsequent recovery which are the Surgeon, Anesthesiologist, Nutritionist, Physiotherapist and
Ward doctor. The nurse will help prepare the patient for surgery and bring him to the recovery room
where he will be welcomed by the anesthesiology team to prepare IVs and anesthesia. After
resection the patient is brought to the Intensive Care unit (IC), and the removed tissue is sent to
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Pathology for inspection. When the patient’s health status allows, often one day after surgery, the
patient is transferred back to the normal nursing ward. In case of abnormal pain or complications
the nurse may call for the Acute Pain Service or Ward doctor to assist. When the patient seems to
require help at home after discharge, the nurse can call a transfer nurse for consult.
During surgery two drains have been placed to remove excess fluids. These will have to be removed
during the recovery at the nursing ward which requires a X-ray of the chest to be made to see
whether they have been properly removed. Furthermore, the nursing ward’s administration plans
the first consult for the patient at the surgery department to discuss recovery and the results of
Pathology. When the patient is nominated for discharge, the intern or ward doctor will prepare the
letter of discharge that is to be checked by the surgeon before it is sent. The process models of
treatment can be found in appendix 2.
4.2.4 Follow up
When surgery is performed, the Surgery department is now responsible for taking further care of the
patient. The patient will have to visit the AMC on regular basis for follow up consults to monitor the
health status. During this phase, the surgeon may decide to apply the patient for new examinations
when necessary. The surgeon makes an application himself for the examination and multidisciplinary
meeting when discussion with other specialists is desired. During this meeting appropriate action
can be decided and initiated. The process models of the follow up phase can be found in appendix 2.

4.3 Information Systems
Within the GIOCA process multiple Information Systems are used to support the execution of
activities within the GIOCA process. Applications that are used for an activity in one department may
differ from that in other departments. One example of this is that Norma is used as the electronic
patient record at the GIOCA department, while other departments still use a paper patient record.
Also Radiotherapy uses Mosaiq as their agenda while other departments use X-Care.
Table 4 shows the list of information systems that are used for the GIOCA process. These systems
can be linked to the activities in the process models that are based on the description in section 4.2.
System
Description
AMC Zorg Desktop
Allows the users to see all relevant patient information from the multiple
(AZD)
systems used in the AMC including e.g. images and lab results.
Bestelagenda
Used by the pharmacy department to see the medication orders from the
different departments in the hospital.
DBC-Registratie
The application to register and invoice patient DBCs.
Endobase
Used by the Endoscopy department for examinations and corresponding
images and reports.
Impax
Used by the Radiology department for examinations and corresponding
images and reports.
Lab ZIS
Lab ZIS is used by the pathology department to publish examination results.
Medicator
The application that facilitates electronic prescription of medication.
Mosaiq
The information system used by the Radiotherapy department to support
almost all activities including planning, and provides the ability to hand over
work by making other resources responsible for that task.
Medical Viewer
Extension of the AZD to scan and add documents to the patient record.
MS Excel
Software package by Microsoft used for the GIOCA patient database.
MS Word
Software package by Microsoft used to type letters and the MDM
application form.
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Norma
OK Plus
Patiëntenplanning
Patreg ZIS

PDMS
Plato
Theraview/ IView/
Conebeam
Webmail
X-Care

The electronic patient record used at the GIOCA department, only
facilitating textual input.
The application is used by the surgeon at the end of the GIOCA day to apply
a patient that is eligible for surgery.
Used by the oncology department so see the outstanding orders for
cytostatic medication.
The system in which new patients are registered, generating a unique
patient number that is to be used in all other systems. This may also be used
e.g. to print patient labels and medication history.
Used by the Intensive Care unit and Anaesthesiologist as electronic patient
record.
Supports the Radiotherapists to create the treatment plan and calculate the
required beams and dosages.
Supports the Radiotherapist in finding the correct positioning of the patient
for radiation treatment.
The web tool that facilitates sending and receiving e-mail from the browser.
The application used for scheduling appointments. Almost all departments
use X-Care as their agenda application.

Table 4: Used Information Systems

As with resources, the information systems can be mapped onto the process models of section 4.2,
and have it visually present. Table 3 can be extended by one additional symbol for the Information
systems, see Table 5. Figure 6 shows an example of the triage sub process which includes symbols of
the information systems used in the activities. The process models of all sub processes can be found
in appendix 2.
Symbol

Explanation
Information System symbol. Contains the Information system used
for the activity. The complete lists can be found in Table 4.

Table 5: Information Systems BPMN extension

Figure 6: Triage
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4.4 Analysis of the AS-IS situation
The second step of the as-is investigation is to analyze the current processes as described above, and
locate possible points of improvement. From this investigation the following four main problem
categories have been identified:
•
•

On paper:
Shallow digital:

•

Double work:

•

Other waste:

Activities that are done or involve work on paper.
Activities that are done using ‘shallow’ digital software, thus not in
an integrated system, e.g. e-mail or MS Word.
Activities, or parts of activities, that have been performed earlier or
have to be performed multiple times.
Activities, or parts of activities, that add no value to the process and
are not classified as double work.

Activities being performed on paper often require writing by hand. When handwriting is unreadable
this may increase the time spent on a subsequent activity. It may also introduce error when it is
wrongly interpreted. Also, with the focus on introducing a Workflow Management System, paper
will not be used anymore to hand over work. The ‘shallow digital’ activities have been flagged as a
problem area because information is not reusable, and may therefore be a cause of doing double
work. Also, because it is not integrated a Workflow Management System will not be able to use it.
Double work is obviously a waste of time and resources. The problem area ‘other waste’ includes
these symptoms that do not add value and could not be classified in the other three areas e.g.
walking or waiting.
The problem category ‘Other waste’ is introduced since classifying waste, a part of Lean
Management (Womack & Jones, 1996), is a technique that is also used within the AMC. ‘Lean
thinking’ tries to use the philosophy of Japanese vehicle manufacturers, in particular that of Toyota.
The concept is based on defining value for the customer and eliminating all waste in the process that
does not add value. Eight types of waste are described in Womack & Jones (1996):
•
•
•
•
•
•
•
•

Defects
Overproduction
Unnecessary processing steps
Movement of employees
Transport
Waiting
Inventory
Talent

As double work can be seen as a type of overproduction or unnecessary processing steps, ‘other
waste’ focuses on the other types.
The four problem areas that have been identified can all be related to activities or handovers in the
process models sections 4.2.1 to 4.2.4. To visualize mapping of problem areas to the activities in the
process, the notation of the BPMN models has to be extended. The notation of Table 2, Table 3 and
Table 4 is therefore extended by the elements of Table 6 making visualization of the four problem
areas possible.
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Symbol

Explanation
The activity, or part of the activity, has been performed earlier or has
to be performed multiple times.
The activity, or part of the activity, involves work on paper.
The activity is performed using ‘shallow digital’ software, thus not in
an integrated system, e.g. e-mail or MS Word.
The activity, or part of the activity, does not add value to the
process.
The handover between activities does involve waste.

Table 6: Analysis symbols BPMN extension

Figure 7 shows the GIOCA afternoon sub process as an example of the new process model mapping.
The activity ‘prepare application for examination and MDM’ is classified as ‘Double work’, ‘On paper’
and ‘Shallow digital’ because patient information has to be filled in multiple times, some of the
applications for examinations are on paper and the MDM form is created in MS Word respectively. It
is however possible that an activity has both the red and the pink symbol, for double work and waste
respectively. If so, another type of waste than double work is also identified for this activity. The
process models for the complete process can be found in appendix 2. The complete list of activities
that belong to the four problem categories is listed in appendix 3.

Figure 7: GIOCA day afternoon
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5 Redesigning the GIOCA process
This section builds on the preceding mapping and analysis of the GIOCA process. For improvement of
the GIOCA process three levels redesign have been identified and shown in Figure 8.

Figure 8: Three levels of improvement

The first, and lowest, level contains the process redesign based on the current execution, using no
additional technological means compared to what is currently available in the process. Basically this
involves redesigning the GIOCA process by e.g. merging or reordering the (sub) activities, like
preparing application forms immediately after the multidisciplinary meeting instead of during the
triage session of the next day.
The second level builds on this process redesign and involves the use of new technological means by
adding new or adapting current systems, e.g. being able to print the application forms from Norma.
Introducing the use of such means might be reason to redesign the process even further because of
new opportunities.
The last and highest level for this project involves the implementation of a Workflow Management
System, thereby further enhancing the GIOCA process and possibly automating or completely
eliminating activities.
The three levels of redesign will be discussed separately in the sections 5.1 through 5.3. Section 5.4
contains some points of attention for the future. A discussion on the redesign propositions will
follow in chapter 6.

5.1 Level 1: Process Redesign
The first step in the redesign phase is to redesign the current process such that it can be
implemented immediately, without the use of new or adapted technological means. For business
process redesign in general, 28 best practices have been identified (Reijers & Liman Mansar, 2005),
and most of them do not involve the use of Information Technology. Using the process models from
section 3, and the best practices, the process may be redesigned such that some of the identified
problem areas will disappear, and the process can be executed more efficiently. These
improvements involve amongst others resequencing and composition of activities and adding a
check before continuing to subsequent activities in the process.
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Keeping the redesign best practices in mind, several redesign propositions have been identified. The
redesign propositions will be discussed following the GIOCA process steps, starting from the new
patient application towards hospitalization and surgery. For each proposition the corresponding
impact will also be discussed. Table 7 lists all the redesign propositions including the link with the
corresponding best practice from Reijers & Liman Mansar (2005) if possible.
Best practice (Reijers
& Liman Mansar,
2005)

Proposition

Control relocation
Control addition

5.1.1
5.1.2

Resequencing

5.1.4
5.1.6
5.1.8
5.1.11
5.1.5
5.1.13
5.1.12
5.1.7
5.1.10
5.1.15

Specialist- generalist

Integral technology

Task composition/
Task elimination

5.1.14
5.1.16

Case manager
Not classified

5.1.18
5.1.3
5.1.9
5.1.17

Improve the new patient application from the referrer
Improve the check of the new patient application by the
administration
Not planning examinations before triage judgment
Fill out the application for additional examination during the MDM
Fill out the application for treatment during the MDM
Change the order of activities for preparing and sending a letter
Let the GIOCA administration plan the examinations
Let the Radiotherapy plan all treatment appointments
Train the GIOCA administration to spot errors and correct them
Use Norma instead of the paper or digital application sheets
Use Norma to check the letter instead of a printed letter
Record the letter on a computer and send the typed letter in a MS
Word document
Do not plan a second consult with the Oncologist before
chemotherapy
Radiotherapy should send an e-mail directly to the OR-planning
and GIOCA administration
Nurse Manager
Batching the patient groups for triage (inversed Order-based work)
Decide who will prepare a letter for the referrer and general
practitioner
Change the CP places to NP places and vice versa

Table 7: Best Practices and redesign propositions

The redesign propositions can also be linked to the analysis of the process in section 4.4. Table 8
shows the mapping of the redesign propositions to the problem categories that have been identified
in section 4.4. The underlying problems of the flagged activities have been matched to the redesign
propositions when they are eliminated, or at least can be improved by it. Calling the patient to
inform him is of course not a waste. It is however stated as a waste for 5.1.8 since it can be
eliminated.
The redesign propositions mentioned in Table 7 and Table 8 will be discussed in more depth in the
remaining of this section. The costs and benefits of these redesign propositions are included in the
individual discussions.
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Proposition

On paper

Shallow digital

Double work

Improve the new patient application
from the referrer
Improve the check of the new patient
application by the administration

• Scanning of
documents

• Contact referrer

Batching the patient groups for triage

Not planning examinations before
triage judgment
Let the GIOCA administration plan the
examinations

• Receive
examination
application from
GIOCA

Fill out the application for treatment
during the MDM
Decide who will prepare a letter for
the referrer and general practitioner

• Fill out
application
forms

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Fill out the application for additional
examination during the MDM
Use Norma instead of the paper or
digital application sheets

Other waste

• Fill out
application
forms

• Fill out
application
forms

•
•
•
•

• Check letter

• Adjust letter
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Contact referrer
Waiting until required material is received
Preparing too much side-examinations
Contact referrer
Scanning of documents of referrer
Waiting until required material is received
Walking to examination department
Searching for gastro-enterologist
Waiting for MDM
Waiting for consult with specialists
Walking to GIOCA administration to plan
Waiting for MDM
Waiting for afternoon consults with specialists
Walking to examination department
Waiting until GIOCA administration has finished
planning
Waiting for MDM
Waiting for afternoon consults with specialists
Waiting to complete application for additional
examination
Call patient
Walking to E2 to prepare applications
Walking to GIOCA administration to hand over
applications
Call patient

• Walking to GIOCA administration

Use Norma to check the letter instead
of a printed letter

• Check letter

• Searching for and walking to specialist
• Walking to administration to hand in letter

Change the order of activities for
preparing and sending a letter

• Check letter

•
•
•
•
•
•
•

Train the GIOCA administration to spot • Check letter
errors and correct them.
Let the Radiotherapy plan all
treatment appointments
Do not plan a second consult with the
Oncologist before chemotherapy

Record the letter on a computer and
send the typed letter in a MS Word
document.
Radiotherapy should send an e-mail
directly to the OR-planning and GIOCA
administration
Change the CP places to NP places and
vice versa
Afternoon manager

• Notify Oncology
and GIOCA
• Consult with
oncologist
before
treatment
• Check letter

Searching for and walking to specialist
Waiting until letter is approved
Walking to administration to hand in letter
Searching for and walking to specialist
Waiting until letter is approved
Walking to administration to hand in letter
Waiting between treatments by patient

• Consult with
oncologist
before
treatment
• Walking to department administration (2x)
• Walking to specialist
• Send E-mail to
OR-planning

• Send E-mail to
OR-planning

• Walking to GIOCA administration

•
•
•
•

Table 8: Redesign propositions and problem categories
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Waiting for MDM
Waiting for afternoon consults with specialists
Waiting for afternoon consults with specialists
Waiting and searching for next patient

5.1.1 Improve the new patient application from the referrer
Clearly show what information is required, and stress the fact that patients will not be helped before
all information is received. The result may be that more information is received at once.
Benefits:

• Less calling and waiting.
• Helping the patient faster, increasing the quality of service.
• Preparing less unnecessary applications.

Costs:

• Referrers may choose another hospital where they have to perform less work
themselves.

5.1.2 Improve the check of the new patient application by the administration
By improving the new patient application or the check by the GIOCA administration the need to call
the referrer during the triage step will be reduced, as well as improving the quality of service. When
during triage it appears digital images are missing, the triage has to be executed again, possibly
resulting in a longer waiting time for the patient before attending a GIOCA day. The GIOCA
administration should e.g. check the images on the CD and the subject of the reports to verify that
all required material is available. Setting up a checklist will help in reminding what needs to be
checked, so that all missing information can be requested at once.
Benefits:

• Less calling and waiting during the process.
• Eliminates unnecessary triage sessions.
• Helping the patient faster, increasing the quality of service.

Costs:

• Create a checklist which is negligible.
• The application check by the administration will cost a few minutes per patient.

5.1.3 Batching the patient groups for triage
Since there are three different patient groups, all attending the GIOCA outpatient clinic on a
different day, it should be possible to batch the patients on basis of the patient group they belong
to. Triage can be performed once a week for each group, or twice a week for HPB patients because
of the group size. As a result the planning of the GIOCA day will be more efficient because the
patients can be planned all at once on an empty day without any restrictions. This compared to
planning the patients one by one when they are applied, which means that a new patient has to be
planned around existing appointments. Also, when the triages are based on a patient group it might
be possible to have a specialist Radiologist for that group to perform the triage. However, the
patient may be notified later than is possible in the current situation, reducing the quality of service.
The triages should be planned as close to the GIOCA day as possible, reserving some time to inform
the patient. When using one fixed day for triage, the entry time of the outpatient clinic will be
increased for patients that are applied after this day and is increased by a week. An exception rule
should be introduced for these patients that are applied between the triage day and GIOCA day to
be able to keep the entry time below one week.
Benefits:

• Better planning of the GIOCA day, reducing waiting time.
• Better judgment of images if performed by a specialist Radiologist.
• Reduce time of triage session and need to consult a gastro-enterologist.
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Assuming a specialist Radiologist requires 3 minutes less than a non-specialist
Radiologist, this may save up to 40-60 minutes per week for judging the images.
Costs:

• Some patients may receive information on the GIOCA day later than they would
have in the current situation.

5.1.4 Not planning examinations before triage judgment
The patient type protocol prescribes what examinations are required. Currently the examinations
that have not yet been performed and are certainly required may be planned before the triage takes
place. This should not be allowed anymore because this creates restrictions on the planning of the
other examinations and consults. Planning of the required examinations and consults should be
done all at once during the ‘normal’ activity of making applications for examinations as described in
5.1.3.
Benefits:

• Better planning of the GIOCA day, reducing waiting time.
• Reduce unnecessary work in writing, planning and cancelling examinations.

Costs:

• No possibility to prepare next day’s work when workload is low.

5.1.5 Let the GIOCA administration plan the examinations
Especially for the examinations that have to take place on the GIOCA day itself the administration
should have a clear overview of available places in the planning of the examination departments.
Having this information available can facilitate a more efficient planning, thereby increasing the
quality of service. In the case when paper application forms are still used, they should be brought to
the Radiology department once or twice a week as they are only used to prepare for examination
and appointment letters can be printed by the GIOCA administration.
Benefits:

• Better planning of the GIOCA day, reducing waiting time.
• Elimination of work sheets
• Reduction of handovers and corresponding walking, approximately 5 minutes a
day for the GIOCA administration.
• Less time spend on planning by the examination departments, approximately 510 minutes a day.
• Less phone calls from the GIOCA nurse to the Endoscopy department.

Costs:

• Training of the GIOCA administration to use the schedule of the examination
departments.

5.1.6 Fill out the application for additional examination during the MDM
When during the MDM is concluded that additional examination is required for a patient, the
application forms are being filled out somewhere during the afternoon, sometimes requiring to wait
for the surgeon or gastro-enterologist to fill out the research question. The forms should be filled
out immediately after the MDM when all specialists are still available.
Benefits:

• Give patient information on their next appointments, increasing the quality of
service.
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• Eliminate phone calls to inform the patient about additional examinations.
Assuming 5 patients requiring additional examinations, this saves 25 minutes
per week.
Costs:

• When the additional examination is planned on the next GIOCA day, this creates
restrictions for the GIOCA day’s planning, which has to be eliminated as
described in propositions 5.1.3 and 5.1.4.

5.1.7 Use Norma instead of the paper or digital application sheets
All information that is put on the application forms can be found in Norma. Even for the digital
application for Endoscopic examinations information has to be retyped. One item of the paper
application sheet is not available in Norma, which is the research question for the examination. This
can be resolved by adding this as a comment with one of the text fields where the performed
examinations are being entered.
The MDM application sheet is not used more than showing it to the audience to get acquainted with
the new patient. It should make no difference that the required information is retrieved from Norma
instead of the scanned form.
Norma can also be used by the nursing ward for their anamnesis to copy information. They currently
use the AZD to consult the letter from the GIOCA nurse, which is actually the information that is
available in Norma.
Benefits:

• Increased understandability of information because of reduced handwriting.
• Save time on preparing, distributing and scanning application forms. Assuming
the MDM form takes 10-15 minutes and forms for examinations take 2-5
minutes, this may save 3 hours of work per week based on 12 patients and 10
examinations, which seems a low estimate.
• Save time on preparing the nursing letter, saving approximately 5-10 for a
patient that is eligible for surgery.

Costs:

• Effort to convince users to use Norma.
• The required patient information should be available before examinations
instead of during the morning consult.

5.1.8

Fill out the application for treatment, and plan treatment immediately after the
MDM
Currently the treating specialists take care of applying the GIOCA patients at their departments,
which is not specifically done on the same day. When the patient is applied immediately after the
MDM, the possibility arises to give the patient their next appointment at the end of the GIOCA day
as was intended. As some patients decide on changing treatment or desire some time to consider,
definite application for treatment seems undesirable since cancelling of appointment is required
when the patient does not respond or chooses otherwise. The Radiotherapist may create a
‘provisionary application’ immediately after the MDM as there will be no consults planned for the
first 20-40 minutes at least. These applications can be made definite when the patient agrees during
the GIOCA afternoon consult.
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Benefits:

• Give patient information on their next appointments, increasing the quality of
service.
• Chance of treating the patient earlier because of earlier scheduling.

Costs:

• Other patients may be helped later because the GIOCA patients have higher
priority when the MDM is finished.
• When patients choose to be treated in another hospital, workload increases
because appointments have to be cancelled. Since this number is very low, the
effect seems ignorable.

5.1.9 Decide who will prepare a letter for the referrer and general practitioner
At the end of the GIOCA day the surgeon or gastro-enterologist of the morning consult prepares a
letter. Often also the Oncologist and/ or Radiotherapist prepare a letter to be sent, which contains
almost the same information. Letters from the Oncologist also have to be checked by someone from
Oncology staff. To reduce the processing of letters, a decision has to be made upon who will send a
letter to the referrer and general practitioner. As was actually intended and agreed upon, the
specialist that is last visited by the patient should create the letter and put it in their personal list,
which requires the Oncologist and Radiotherapist to add their information in Norma, which should
already be possible. It however requires that all Oncologists and Radiotherapists that perform the
afternoon consults are authorized for the Norma consult sheet.
Benefits:

• Reduce handovers and corresponding walking, saving a few minutes per day.
• Reduction of preparing letters by the Oncologist, saving more than an hour of
work per week for preparing and typing, assuming 6 letters a week.
• Reduction of checking the letters by Oncology staff, saving approximately 30
minutes per week.
• Reduction of work for the GIOCA administration, approximately 30 minutes per
week.

Costs:

• Surgeons and gastro-enterologists need to be trained to prepare letters with
information on treatment from the Oncologist and Radiotherapist thereby also
trying to eliminate the check by oncology staff.

5.1.10 Use Norma to check the letter instead of a printed letter
Another proposition is to let the surgeons and gastro-enterologists use the correspondence
functionality of Norma to check the letter that has been made by the GIOCA administration instead
of checking the paper copy. They can change the status or comment of the letter to notify they have
checked and approved the letter.
Benefits:

• Reduce physical handovers and corresponding walking, saving a few minutes
per day.

Costs:

-

5.1.11 Change the order of activities for preparing and sending a letter
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The sub-process of preparing and sending a letter consists of preparation by the specialist,
generating the letter and correcting the lay out and typing errors by the GIOCA administration and
checking the letter by the specialist before it is finally printed and sent by the administration. The
activities can be resequenced such that the check is immediately performed by the surgeon and
gastro-enterologist before the layout is corrected.
Benefits:

• Reduce handovers and corresponding walking, saving a few minutes per day.
• Decrease the number of letters that are not sent at the end of the GIOCA day.

Costs:

• Preparation of the letters increases slightly.

5.1.12 Train the GIOCA administration to spot errors and correct them
It is also possible to train the administration so they can spot the errors of medical information
themselves. This proposition reduces handovers and corresponding searching and waiting, at the
cost of training time, but facilitates that the letter is actually sent at the end of the GIOCA day.
Benefits:

• Eliminate the check by the surgeon and gastro-enterologist.
• Reduce handovers and corresponding walking, saving a few minutes per day.
• Decrease the number of letters that are not sent at the end of the GIOCA day.

Costs:

• Check by the GIOCA administration will increase by a few minutes per patient.

5.1.13 Let the Radiotherapy plan all treatment appointments
The Radiotherapy department should at least have a clear view on the available places at the
Oncology department to eliminate the need to reschedule treatment dates. Ideally, the Plan Bureau
plans all radiation and chemotherapy sessions and consults. Benefits depend on the work load of the
Oncology department which can result in planning rejections. For the patient it depends on the
planning gap between the two planning moments, and number of other patients being planned.
Benefits:

• Reduce the rescheduling of treatments, saving up to 10 minutes a week
assuming two rejections by the Oncology department.
• Less waiting on a treatment day between the radiation and chemotherapy
sessions.

Costs:

• Training of the Radiotherapy Plan Bureau to use the schedule of the Oncology
department.

5.1.14 Do not plan a second consult with the Oncologist before chemotherapy
The patient is already visiting the Oncologist at the end of the GIOCA day, which means that a later
consult before treatment starts seems redundant. In some cases however the patient is required to
sign papers concerning treatment in study form. These forms were normally handed in during this
consult before chemo treatment. These forms should then be handed in at another moment when
the patient visits the hospital, for example during the CT-simulation or the consult with the Oncology
nurse.

27

Benefits:

• Reduce the number of patient visits to the hospital.
• Reduction of work for the oncologist. Taking an increase of the GIOCA afternoon
consult into account, this still saves up to 20 minutes per patient.

Costs:

• The duration of the GIOCA afternoon consult may have to be increased.
• Other employees have to receive the signed forms in case of treatment in study
form.

5.1.15 Record the letter on a computer and send the typed letter in a MS Word document.
Currently letters by the Radiotherapy and Oncology department are being recorded using a
microphone, brought to typists who work out the letter, then checked by the responsible specialist
before the administration sends the letter to the referrer. If the current activities should remain
unchanged, the possibility to record the letter digitally on the computer should be investigated. The
voice file and the typed letter in a Word file can then be exchanged by mail, saving on walking time.
Benefits:

• Reduce physical handovers and corresponding walking, saving a few minutes
per day.

Costs:

-

5.1.16 Radiotherapy should send an e-mail directly to the OR-planning and GIOCA
administration
In the current process an e-mail is sent from the Radiotherapy department to the GIOCA nurse, after
which the GIOCA nurse sends an e-mail to the OR-planning, finishes the PET-CT application form and
brings it to the GIOCA administration. To reduce the handover of work the Radiotherapy department
should send the e-mail directly to the OR-planning and GIOCA administration. The GIOCA
administration can finish the PET-CT application form by adding the date of the last Radiotherapy
session.
Benefits:

• The GIOCA nurses do not have to prepare an e-mail and distribute the PET-CT
application form, saving up to 10 minutes a week.

Costs:

• The GIOCA administration has to perform an additional activity, completing the
PET-CT application form, taking 5-10 minutes per week.

5.1.17 Change the CP places to NP places and vice versa
A proposition to reduce the waiting time in the morning is to switch the new patient places (NP) with
the follow up patient places (CP). The earliest appointment, and thus waiting time of a patient, will
then depend on whether they have to undergo examinations. As a consequence, patients who do
not have to undergo examination will have their waiting time significantly reduced.
Benefits:

• Reduced waiting time on the GIOCA day now that the morning consult will be
held on a later timeslot.

Costs:

• The follow up patients (CP) have to visit the surgeon early in the morning.
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5.1.18 Afternoon manager
To increase structure and reduce waiting time in the GIOCA afternoon, an ‘afternoon manager’ may
be introduced who will keep track of which specialists the patient has to visit, and what consults
have already been performed. The two GIOCA nurses will have more time to spend on actual work
instead of managing the afternoon consults. This can e.g. be performed by someone of the GIOCA
administration.
Benefits:

• Less waiting time for the patient and specialists.
• Less stress for GIOCA nurses, and more time left for their own work.

Costs:

• An extra employee for the GIOCA afternoon to manage the afternoon consults.

5.2 Level 2: Improve Information Technology
Now that basic process improvements have been proposed, the next level concerns the use of
Information Technology to further improve the GIOCA process. Thereby the main goal is to improve
the problem areas that have been identified in the general analysis of chapter 4. This section can be
seen as an extension to section 5.1, and the redesign propositions from this section can be
implemented in combination with, or in place of, the propositions of section 5.1. This means the
second layer from Figure 8 should not be seen as a total new solution for the process, but identifies
new types of solutions of which some may replace some of the propositions from section 5.1.
Table 9 is generated the same way as Table 8 in section 5.1, and shows the list of propositions for
improvement and the corresponding activities that it relates to that have been flagged for one or
more of the identified problem categories in section 4.4. The redesign propositions mentioned in
Table 9 will be discussed in more depth in the remaining of this section. The costs and benefits of
these redesign propositions are included in the individual discussions. It is not possible to calculate
the true costs of the propositions, and therefore are only indications based on held interviews and
deductions of other approximations. Also, the propositions may introduce the use of shallow digital
applications. This will however provide a simple solution and improve the current situation by e.g.
reducing time spent on walking.
As a consequence of the propositions being discussed in this section, the way of working will change
for some resources. It may become less uniform when compared to the other types of patients that
are being treated at the departments. Since the propositions do not require too much additional
actions or activities, the possibility for rejection is minimized. It should however be clear at the start
of the activity what type of patient is being treated so that no time is being wasted in retrieving this
information.
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Proposition

On paper

Shallow digital

Double work

Other waste

Let the referrer send the new patient
application through the internet in
digital format.

• Receive
application and
check
completeness

• Scanning of
documents

• Retype patient
information
from application

Online application form on the GIOCA
website that is linked to Norma.

• Receive
application and
check
completeness

• Scanning of
documents

• Retype patient
information
from application

•
•
•
•
•
•
•
•
•
•
•
•
•

The referring hospital sends the
location of the imaging on their
network so that the AMC can retrieve
the images.
The referring hospital’s imaging can be
accessed directly with Impax.

•
•
•

The AMC reserves free space for
referring hospitals to place their digital
images on the network.
Query the required information from
Norma
Triage sheet in Norma

Digitalize additional information for

•
•
•
• Add information
to Excel
• Triage judgment
• Note results of
triage in status
• Finish off triage

• Add information
to Excel
• Note triage
results

Contact referrer
Waiting until required material is received
Scanning of documents of referrer
Preparing too much side-examinations
Fill out application for MDM
Contact referrer
Waiting until required material is received
Scanning of documents of referrer
Preparing too much side-examinations
Fill out application for MDM
Bring CD to Radiology
Walking to Radiologist to hand in CD and forms
Walking to Radiology administration to hand in
filled out CD form
Bring CD to Radiology
Walking to Radiologist to hand in CD and forms
Walking to Radiology administration to hand in
filled out CD form
Bring CD to Radiology
Walking to Radiologist to hand in CD and forms
Walking to Radiology administration to deliver
CD form

• Walking to Radiology administration to deliver
CD form
• Walking to examination department
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examination (e.g. sedation list)
Print the required information from
Norma

• Fill out
application
forms

• Fill out
application
forms

• Fill out
application
forms
• Retype the MDM
conclusion

Link MDM sheet in Norma to other
sheets
Improve Norma and remove the errors • Check letter

• Searching for and walking to specialist
• Waiting until letter is approved
• Walking to administration to hand in letter

Make a printable application for
treatment

• Application for
treatment

Make use of a speech recognition
system to generate letters.

• Check letter

• Work out letter

Create a Norma sheet for the
Oncologist, Radiotherapist, nurses and
ward doctors

• Check letter
• Fill out
application
forms

• Work out letter

Planning tool

• Rewrite MDM
outcome
• Rewrite patient
information
• Work out letter

• Record letter
• Work out letter

•
•
•
•
•
•

Walking to department administration (2x)
Searching for and walking to specialist
Waiting until letter is approved
Walking to department administration (2x)
Searching for and walking to specialist
Waiting until letter is approved

• Waiting for afternoon consults with specialists
• Waiting and searching for next patient

Table 9: IT Redesign propositions and problem categories
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5.2.1

Let the referrer send the new patient application through the internet in digital
format
It should be possible to make digital application available through the internet. There are two types
of digital forms, shallow (e.g. Word format) or integrated. When the medical letter is received in e.g.
a Word document the data is reusable and the required information can simply be copied to the
patient record in Norma. Also information is received earlier than through normal mail. This can be
achieved by using the ZorgMail (ZorgMail, 2011) account that is available to the AMC and is used by
over 9000 caregivers in The Netherlands.
As GIOCA nurses are currently not authorized to add information to the consult sheet of the surgeon
and gastro-enterologist, it is proposed to add a check by a specialist before information is definitely
added to the patient status in Norma.
Benefits:

•
•
•
•

Costs:

• Requires additional time spend to enter the information, approximately 5-10
minutes per patient by the GIOCA nurse.
• Requires additional time spend to check the information entered by the GIOCA
nurse, requiring 2-3 minutes per patient by the surgeon or gastro-enterologist.
• Facilitate the use of ZorgMail.

Facilitates further use of Norma.
Less typing required during the morning consult.
Eliminate scanning of application documents, saving 3 minutes per patient.
Helping the patient faster, increasing the quality of service.

5.2.2 Online application form on the GIOCA website that is linked to Norma
A more convenient solution would be a direct copy of information to Norma, for example through an
online application form. Check boxes can be used for addressing the type of patient and performed
examinations. An advantage for using the digital form is the functionality that the referrer cannot
send the application unless all necessary information is given. One major drawback is that the
received information is not checked before it is entered into Norma. The application is error prone
because of an employee handing over the information by typing it themselves. This proposition
would be more feasible if information is directly copied from the referrer’s information system. A
more extensive discussion will follow in section 6.
Benefits:

•
•
•
•
•
•

Costs:

• Referrers may choose another hospital where they have to perform less work
themselves.
• Application is error prone, still requiring a check.
• Development costs of such a secure form and linking it to Norma.

Less calling and waiting.
Eliminates unnecessary triage sessions.
Helping the patient faster, increasing the quality of service.
Eliminate scanning of application documents.
Less typing required during the morning consult.
Facilitate further use of information systems
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5.2.3

The referring hospital sends the location of the imaging on their network so that
the AMC can retrieve the images
So far only has been talked about the textual data that is required, but images are also part of the
new patient application. Retrieving the images from the referring hospital is one of the solutions.
The referring specialist should therefore send a link of the location of the imaging so that the
Radiology department can retrieve the images before triage judgment. A requirement for this
proposition is that the referring hospital is able to provide this link to the location, and has the
images available to be retrieved. A more extensive discussion will follow in section 6.
Benefits:

• Reduced walking to Radiology department, saving 5 minutes a day.
• Reduces the scanning of CDs. Assuming that 10 CDs arrive per week, this may
save 30 minutes of work time effectively spent on scanning.
• Eliminates waiting for the CD to arrive.
• Helping the patient faster, increasing the quality of service.
• Eliminates bringing the CD and form to the Radiologists and filling out the CD
form, saving a few minutes per week.

Costs:

• Referrers may choose another hospital where they have to perform less work
themselves.
• An additional activity has to be created to retrieve the images from the referring
hospital.

5.2.4 The referring hospital’s imaging can be accessed directly with Impax
This is a small adaptation to proposition 5.2.3 in which the images do not have to be downloaded
but Impax can immediately view the images. The requirement of the referring hospital having this
available still applies. The benefits and costs table therefore are almost the same as in 5.2.3, only not
having to perform the activity of downloading the images, but to have Impax capable of showing the
images from the referrer. This means links for all types of Picture Archiving and Communication
Systems (PACS) have to be created to support this for all referrers. A more extensive discussion will
follow in section 6.
5.2.5

The AMC reserves free space for referring hospitals to place their imaging on the
network
The third alternative is to reserve space on the AMC network where referrers can place the images
of performed examinations that are required for the patient’s diagnosis. Again the benefits and costs
are almost equal to that of 5.2.3 without the cost of having to download the images. An additional
cost now is to create this secured reserved space. A more extensive discussion will follow in section
6.
5.2.6 Query the required information from Norma
For every patient that is being applied to GIOCA information is stored in an Excel patient record to
be used as Management Information. Information that is being stored includes among others the
patient’s name, date of application, date of arrival of CD, date of GIOCA day and treatment plan. The
first moment where information is added is during the application. The patient record is completed
when the checked letter is received by the GIOCA administration. This moment of adding
information requires looking up information in Norma. Actually all information, except referrer’s
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information, is also stored in Norma. The information not available are the date of receiving the CD
and the name of the referring hospital and referring specialist. This means that being able to extract
the required information from Norma would almost eliminate all the Excel activities.
Benefits:

• Eliminate Excel activities. Assuming it takes 3-4 minutes per patient, this may
save 30-50 minutes per week.
• Decreases missing data items in the database.

Costs:

• Create the possibility to query information from Norma. As almost nothing is
known about this possibility it cannot be quantified.
• Adapt the Norma sheets to include the required information, by adding text
boxes for the referring specialist and hospital. This will require approximately 5
hours.

5.2.7 Triage sheet in Norma
Currently the Radiologist performing the triage writes the findings on paper so that the Radiologist
performing the review of the referrer’s material gets some information on the case and an indication
of diagnosis. Relevant patient information and the findings of the Radiologist performing triage can
all be found in Norma if an extra sheet is created.
Benefits:

• Increased understandability of information because of reduced handwriting.
• Reduce walking and physical distribution of paper.

Costs:

• Create a triage sheet in Norma, taking approximately 10-15 hours.

5.2.8 Digitalize additional information for examination (e.g. sedation list)
A part of the improvement has already been discussed in the process redesign proposition of section
5.1.7. For some examinations however, additional information is required e.g. a sedation list or
informed consent. To increase the benefits, the additional information that is required should be
filled out in digital form as well.
Currently these forms do not have to be available when the application is handed in when the
examination is requested, which is an exception in procedures made for the GIOCA process. Since
there will be no physical handover, these questionnaires should be added in Norma as well. This to
complete the application as it was intended. Since these questionnaires are filled out by nurses or
gastro-enterologists from the AMC, it should not imply problems for implementation.
Benefits:

• Reduce walking and physical distribution of paper, saving 5-10 minutes per
week.

Costs:

• Create sheets in Norma for the sedation list and informed consent, taking
approximately 20-25 hours.

5.2.9 Print the required information from Norma
Another proposition is to create a print function in Norma to be able to print the required
application forms for examination. This should be done through the correspondence function, the
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same function as used to generate letters for referrers. This proposition eliminates the writing of the
multiple forms, and saving the corresponding times as mentioned in section 5.1.7 at the cost of
creating this function for the different application forms. One drawback is that the required
information should be available in Norma earlier, namely during triage where the application forms
are currently created. This may be resolved by handing in the application forms at a later point in
time since they are only used to prepare for the examination.
Benefits:

• Increased understandability of information because of reduced handwriting.
• Save time on preparing, distributing and scanning application forms. Assuming
the MDM form takes 10-15 minutes and forms for examinations take 2-5
minutes, this may save 3 hours of work per week based on 12 patients and 10
examinations, which seems a low estimate.

Costs:

• The required patient information should now be available during triage.
• Create a new template for the correspondence function, approximately 35
hours of work.

5.2.10 Link MDM sheet in Norma to other sheets
Information on the treatment plan and/or required additional examination that has been decided
upon during the MDM is stored in the MDM sheet in Norma. This information is also required in the
nurse sheet, indicator and checklist sheet and the consult sheet used by the surgeon and gastroenterologst. A link should therefore be created from the MDM sheet to the fields in these two
sheets. However, the MDM sheet only contains one text field, which means that the text that it
contains is hardly reusable. The MDM sheet therefore requires adaptation as well e.g. by adding
check boxes to show what additional examination is required which can then be added to the
‘Indicator and Checklist’ sheet.
Benefits:

• Reduces the retyping of information, saving 1-2 minutes per patient.

Costs:

• Adapting the MDM sheet and linking it to other sheets (Consult sheet and
Indicator and Checklist sheet), taking approximately 10-15 hours.

5.2.11 Improve Norma and remove the errors
The errors that are present in Norma should be investigated. When the errors are solved, the check
by the specialist is not anymore required. This will however be costly compared to the benefit over
the other redesign propositions concerning the letters. Also, it may take a long time before the
improvement is actually realized.
Benefits:

• Reduce handovers and corresponding walking, saving a few minutes per day.
• Eliminate checking of the letter by the surgeon and gastro-enterologist.

Costs:

• Removing errors in the generation of the letter in Norma.

5.2.12 Make a printable application for treatment
The application of a patient for chemotherapy is done by the Oncologist who meets with the patient
in the afternoon of the GIOCA day by writing the required information on a paper form and handing
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it in at the administration of their department. The use of such paper forms will be eliminated when
the required information, of which most is already digitally available, can be printed through the
correspondence function in Norma, so that the information can be put in the paper patient status
that is in use. This can also support the implementation of proposition 5.1.8, applying the patient for
treatment immediately after the MDM. There are already sheets available for the Oncologist and
Radiotherapist which can be printed. These however still require the retyping of information from
the anamnesis which should be changed. It may be extended by using e-mail to send the application
in digital form to the Oncology department. In combination with proposition 5.1.8 the following
applies:
Benefits:

• Increased understandability of information because of reduced handwriting.
• Give patient information on their next appointments, increasing the quality of
service.
• Chance of treating the patient earlier because of earlier scheduling.
• When sent using e-mail: Reduce walking, saving 5-10 minutes per day.

Costs:

• Create a new template for the correspondence function, approximately 35
hours of work.
• Other patients may be helped later because the GIOCA patients have higher
priority when the MDM is finished.
• When patients choose to be treated in another hospital, workload increases
because appointments have to be cancelled. Since this number is very low, the
effect seems ignorable.

5.2.13 Make use of a speech recognition system to generate letters
Handovers and workload can be reduced when a speech recognition system is used. The responsible
specialist performs the same tasks, recording and checking the letter, but checking can now be done
immediately since the text appears on the screen. The letter can then immediately be sent by the
administration since the specialist has already approved the content. The software for this
proposition is already available within the AMC.
Benefits:

•
•
•
•

Costs:

• Purchase of microphones. Assuming no mobile digital Dictaphones are required,
and headsets cost €40 apiece and 20 are required, this will sum up to €800.

Reduce handovers and corresponding walking, saving a few minutes per day.
Eliminate typing time of the typists, saving 10 minutes or more per letter.
Eliminate waiting for the typed letter.
Eliminate waiting for the checked letter.

5.2.14 Create a Norma sheet for the Oncologist, Radiotherapist, nurses and ward doctors
Another solution would be to create an extra Norma sheet for the treating departments with which
they can generate letters automatically based on the text fields in the Norma sheets. With this
solution the treating specialist can immediately check the letter. The nurses from the nursing ward
may use Norma as well for their daily status and patient information. When a transfer nurse is
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required, the information required can be typed in this sheet, which can be looked up by the
transfer nurse when notified.
Benefits:

• Reduce handovers and corresponding walking, saving a few minutes per day.
• Reduce time spent on preparation since letter can be generated, saving
approximately 10 minutes per patient.
• Eliminate typing time by typists, saving 10 minutes or more per letter.
• Eliminate waiting for the typed letter.
• Eliminate waiting for the checked letter.
• Eliminate creating and faxing the application for the transfer nurse, saving 5-10
minutes per patient.

Costs:

• Create a new template for the correspondence function, approximately 35
hours of work.
• Create the sheets in Norma taking approximately 35-40 hours.

5.2.15 Planning tool for the GIOCA afternoon consults
Currently time is wasted during the GIOCA afternoon consults. The consults are planned ad hoc and
no overview exists on where the patient is at the moment and what consults have already been. As a
consequence, patients and specialists experience a lot of waiting time. Specialists need to search the
waiting room for the next patient or have to ask a nurse who is also busy herself. Therefore a
planning tool can support the organizational structure of the GIOCA afternoon by making a schedule
for the patients and specialists according to the outcome of the MDM.
A tool for creating such a schedule has already been created with Visual Basic in MS Excel during the
project.
Benefits:

•
•
•
•

Costs:

-

Reduce waiting for the patient to have a consult with a specialist.
Reduce waiting and searching for the next patient.
Reduce disturbing of the GIOCA nurse.
Reduced uncertainty for the specialist on when to start the consults, thereby
giving the opportunity to use time more efficient.

5.3 Level 3: Implement Workflow Management System
The last layer of redesign in this project is looking at the possibility of implementing a Workflow
Management System to support the GIOCA process. At the start of the analysis four categories of
problems have been identified; ‘on paper’, ‘shallow digital’, ‘double work’ and ‘waste’. Workflow
Management Systems might be able to eliminate these types of problems because of their
coordinating function, thereby delivering activities and required information to perform them to the
right resources following the process definition (WfMC, 1995). To be able to hand over work
between activities, the first requirement of a Workflow Management System is to have all required
information for activities in digital form. This section is structured as follows. First, the information
requirements will be investigated and solutions will be proposed for the data items that are not yet
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in digital form. Second, the flexibility requirements will be identified followed by the technical
feasibility in the third subsection. Fourth, the costs and benefits of this third level of improvement
will be discussed.
5.3.1 Information requirements
To have a Workflow Management System facilitate work handovers, the information that is required
to start and complete activities should be in digital form as walking and physical handovers should
be eliminated.
Appendix 4 lists all activities in the GIOCA process including their information requirements. Some
activities have not been listed in the table because they are very simple like calling for, and visits by
an IC doctor, ward doctor, ASP or anesthesiologist. These activities are considered to give the
necessary care the patient requires and should not be supported by a workflow system. Arguments
for this may be that activities are performed physically, human indication is the basis of the
activities, hurry is often required, and/ or calling the required resource is the fastest option. This
same argument holds for the activities ‘Treat patient at recovery room’ and ‘Remove drain’.
The list in appendix 4 is quite extensive and the focus actually should be on information that is not
yet digitally usable. Therefore Table 10 is created showing the list of data that are not (always)
digitally available and where this data should be retrieved. It seems that only few improvements are
needed to get all data in digital form. Information on dates of applications, triage and GIOCA day
that are required in the Excel patient record have not been added to the list since this can simply be
logged when activities are being performed. Also the result of the ‘doubt discussion’, performed
when the triage judgment has no conclusion, does not have to be in digital form since this can be
considered as the outcome of the triage judgment. Solutions to have the information in digital form
will be discussed in the remaining part of this subsection.
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Required information
Additional required information
Application from Oncologist
Blood values
Discomfort of patient
Images of performed examinations
MDM question
Medical letter
Missing reports
Peculiarities
Patient health status
Patient history
Patient medication
Performed examinations
Performed side examinations in referring
hospital
Personal information
Questionnaire Anesthesiology
Questionnaire burden of illness
Questionnaire nutritionist
Referrer
Reports of performed examinations
Requested examinations
Required adjustments to the letter
Research question
Triage choice on images
Triage judgement result
Troubles of patient
Type of examination
Type of patient

Retrieved from
Application

Triage
X

MDM

GIOCA day
X
X

Treatment

Follow up

X
X
X
X
X
X

X

X
X
X

X
X
X
X
X
X
X
X
X
X
X

X
X

X
X
X

X

X

X
X
X

Table 10: Information that is not in digital form
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New patient application
As proposed in section 5.2.1 and 5.2.2, the patient application can be done in digital form so the
information that is required for later activities can be reused.
Another idea is to create an activity at the start of the process in which the required information on
the patient is typed into Norma from the paper referral when proposition 5.2.1 is not implemented.
This way the required information is available in digital form at the start of the process as well. It
should be decided who will be responsible for this activity, since currently only the surgeon and
gastro-enterologist are authorized to add this information to Norma.
Triage, MDM and GIOCA day
The information that should be gained during triage seems to be easily solved. During the judgment
of the material of the referrer’s examinations a digital form, e.g. a triage sheet in Norma, should be
filled out so that information on the requested examinations and corresponding research questions,
the judgment of the material and the choice on what images to save is stored digitally. This is
achieved by implementing the proposition in 5.2.7. The research question for additional examination
is retrieved from the MDM. The MDM sheet therefore requires a slight adjustment.
The data type ‘Additional required information’ concerns the required sedation list or informed
consent. These questionnaires are answered by asking questions to the patients, either by telephone
or face-to-face during a consultation, and may be filled out in a digital form instead of paper without
increasing work intensity. This has already been proposed in section 5.2.8.
There are three questionnaires related to the GIOCA day which concern the burden of the illness,
patient’s health and patient’s weight which are used to identify subjects for the morning consult,
inform the anesthesiologist and nutritionist respectively. A simple solution would be to have an
extra computer available where the patient can fill in the questionnaire and with help of the GIOCA
host when needed. This may also be done for the nutritionist’s questionnaire, which might enable
direct transfer of information towards the secondary discipline.
The application from the Oncologist is currently done on paper. Almost all of the required
information on the patient for this application is however available in Norma. Using proposition
5.2.12 or 5.2.14 therefore seems sufficient.
Treatment
Most of the information that is obtained during the treatment phase and is not in digital form can be
related to the fact that the departments use paper patient records. This information concerns the
discomforts, peculiarities, troubles related to discharge and the patient’s health status. This is also
mentioned in the proposition of section 5.2.14. However, sometimes the current health status of the
patient is required which can of course not be obtained from paper but should be obtained by
visiting the patient.
The required adjustments to the letter are currently made on a printed copy of the letter. When
proposition 5.1.11 is used, the changes are already made before the GIOCA administration adjusts
the lay out, and this issue is thus solved. For the letters prepared during treatment, e.g. proposition
5.1.15 or 5.2.13 will make the information available in digital form.
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Follow up
The MDM research question that is gained during the follow up consults should be available in
Norma somewhere and should e.g. be added to the consult sheet or indicator and checklist next to
the performed examination. When Norma is adapted more extensively another place may be
chosen.
5.3.2 Flexibility requirements
Another important requirement that needs to be investigated before the implementation of a
Workflow Management System is that of flexibility. Medical healthcare processes are based on
medical knowledge and case specific decisions. Since medical knowledge evolves over time, and case
information may be gathered while processes are already initiated, this means process flexibility is
an important issue in the healthcare domain (Lenz & Reichert, 2007). Also the four types of flexibility
identified in section 2.2.2 are not supported by all available workflow systems (Schonenberg et al.,
2007) explaining why this requirement is discussed in this report.
The created process models in section 4 describe the somewhat standard process of diagnosis and
treatment including surgery. The models also include a few exceptions like e.g. patients that need to
be prehydrated before the GIOCA day when they need to undergo a CT-scan, and preparing
application forms for additional examinations when the MDM does not result in a treatment plan for
the patient.
There are two main broad flexibility requirements for the GIOCA process:
•
•

The complete process, like the types of examination that the patient has to undergo or
treatment that is being performed, is patient specific.
Most parts of the process that the patient may undergo are standardized, but the choice of
what to follow is made ad hoc. The complete process is thus not known before creating a
process instance.

These two requirements concern the fact that the process is not known in advance and may be
adjusted during its execution. This may be accommodated by the identification of required process
fragments and monitoring, which will be discussed later in this section.
The exceptions included in the process models in appendix 2 are not all the flexibility requirements
that have been identified. A complete list of the flexibility requirements is shown in Table 11 and
based on the current execution of the process. The last two columns contain information on
whether human input is required to make a flexibility decision or on basis of what information this
may be automated.
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Flexibility
Register a patient when it is not a patient known to the AMC already
Write applications and plan examinations before the triage judgment for examinations that are certainly
required

Human input

Request referring hospital or general practitioner to perform a blood test
Scan in multiple sessions when not all information is received at once
Bring CD to Radiology when a CD is received
Skip triage judgment when no examinations have been performed yet
Redo triage when it appears information is missing

Let PA revise the results on the tissue examination
Arrange meeting with a gastro-enterologist to discuss the doubt whether to invite the patient to the GIOCA
day.
Terminate the process and call the referrer after the triage judgment when the patient will not be invited to
the GIOCA day.
Perform treatment specific for the patient, including the afternoon consultations with the specialists and
consult with surgeon before surgery.
Perform examinations on any day when this makes it possible to let the patient come to an earlier GIOCA day.
Hospitalize and Pre- and posthydrate a patient when a CT-scan is needed.
Contact the patient to answer the sedation list
Arrange a meeting with an anesthesiologist when sedation is required and the patient’s health condition is
low.
Perform examinations before the morning consultation with the surgeon or gastro-enterologist.
Skip the questionnaire for the anesthesiologist on the patient’s health status
Reschedule the Radiation treatment appointments when there is no capacity at the Oncology department
Prescribe medication when patient perceives discomfort
Treat irritation of the skin when needed
Plan a consult between patient and oncologist when asked by patient or indicated by nurse
Write and send a letter at the end of treatment
Order medication with or without a proviso
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Required information
- Identification number
- Diagnosis protocol
- Performed examinations
including their date
- Performed examinations
- Received reports
- Performed examinations
- Performed examinations
- Performed examinations
- Received reports
- Received imaging
- Performed examinations

X
X
X
X
- Blood values
- Date of available sedation list
- Patient history
- Patient medication
X
- Date of available questionnaire
X
X
X
X
X
X

Remove the proviso for medication or not
Change dose or skip a treatment. (Oncology and Radiotherapy)
Change the dose of side-IV
Cancel surgery and send to MDM
Be able to call for specialists
Remove drain when possible
Apply the patient for additional examination and the MDM during follow up consults.
Table 11: Flexibility requirements
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- Blood values
X
X
X
X
X
X

There are two flexibility requirements which should not be required after process redesign. As
proposed in section 5.1.4, the writing and planning examinations before triage judgment reduces
efficient planning and should not be done anymore. Also the requirement of being able to let
Radiotherapy reschedule treatments should be eliminated, which can be achieved by the
proposition of 5.1.13.
Some of the flexibility requirements can be neglected for the use of a workflow management system
since they do not require a real fragment, a sequence of multiple activities, for further execution of
the process. Such flexibility requirements are:
•
•
•
•
•

Arrange a meeting with a gastro-enterologist to discuss the doubt whether to invite the
patient to the GIOCA day.
Terminate the process and call the referrer after the triage judgment when the patient will
not be invited to the GIOCA day.
Treat irritation of the skin when needed.
Change the dose of side-IV.
Be able to call for specialists.

These flexibility requirements should actually be seen as sub-activities of activities that can be found
in the process models. They can be seen as sub-activities from triage judgment (the first two bullets),
radiation treatment, chemo treatment and nursing respectively.
There are multiple languages available to model the process to be executed by the Workflow engine,
all with different possibilities regarding flexibility. Therefore needs to be looked at what type of
flexibility is required for the modeling of the GIOCA process. According to Schonenberg et al. (2007)
4 types of flexibility can be identified:
•

•
•

•

Flexibility by design, the ability to include the alternative execution paths within a process
definition at design time, such that the most appropriate path can be selected at run time
for each instance.
Flexibility by deviation, the ability of an instance to deviate at run time from the prescribed
path without altering the process definition, only by changing the sequence of tasks.
Flexibility by underspecification, the ability to execute an incomplete process definition
where at run time the process definition is completed by providing a realization of the
undefined parts.
Flexibility by adaptation, the ability to adapt the process definition at run time that can be
transferred to one or all process instances, thereby being the only type where the process
definition is actually changed.

For most flexibility requirements the flexibility by design seems sufficient since only one tree of a
few options is required. However, for some requirements, e.g. applying the patient for
examinations, the type and number of required examinations can differ, increasing the number of
required paths when using flexibility by design. As a consequence, using flexibility by design will
require extensive programming and flexibility by underspecification is thus preferred. To facilitate
easy specification of the ‘black box’, known as placeholders (Schonenberg et al., 2007), with
flexibility by underspecification, workflow fragments have to be identified to simply fill in the
placeholder by building blocks of related activities.
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The fact that flexibility by underspecification seems the most appropriate type is supported by
Schonenberg et al. (2007). It is stated that this type of flexibility is mostly suitable for processes
where it is clearly known in advance that the process definition will have to be adjusted at specific
points, although the content is not yet known. Also it is particularly useful when distinct parts of the
overall process are designed and controlled by different work groups, but the overall structure of the
process is fixed. This description seems to apply well to the GIOCA process.
As mentioned it is possible to model most of the flexibility requirements by design as well as
underspecification but the amount of effort to build the model and complexity of the model may
differ a lot per chosen flexibility type.
Workflow fragments
Identification of workflow fragments, or so called ‘worklets’ as proposed in Adams et al. (2005), is an
important part of solving the flexibility issues and implementation of a workflow management
system. Implementing the flexibility requirements seems to be least complex when the process is
divided into workflow fragments which can be activated when required as also advocated by Van der
Aalst et al. (2009). A worklet is defined as a ‘small self-contained, complete workflow process which
handles one specific task (action) in a larger, composite process (activity)’ (Adams et al., 2005). An
examination process containing planning, preparation, examination and reporting can be seen as
such. For the flexibility by underspecification the benefit of using worklets is that multiple of these
can be chosen to specify the placeholder, and the fragments can be planned and executed
separately, instead of choosing separate activities. For example a placeholder called examinations
has to be defined during run time, during triage judgment is decided that the placeholder is filled
with the worklets for CT-scan and EUS.
One difficulty might be that the workflow parts, when chosen, may need to interact with other
fragments, e.g. the ‘plan examination’ part of the examination fragments are input for the ‘inform
patient’ activity. These interactions are only active for the examination fragments that have been
chosen. The system should therefore be smart in such a way that it knows when the links are active
and when not, based on the examinations that have been chosen.
Monitoring possibilities
As already has been mentioned, the process contains some standards like protocols but therefore
may also still requires some flexibility. By trying to implement standards like protocols or known
possible deviations into the Workflow Management System, the decision to initiate an activity may
be automated. However, trying to support this automation, monitoring of other activities is required
to retrieve information on which the decision can be based. A lot of the flexibility that is required in
the process can be seen as possible deviations that are known up front, and often are based on
certain types of data. When this data is known, action can be initiated to set out subsequent
activities to be performed.
Monitoring is not only the collection of data but also involves the review and analysis of this data
(Amer, 2009), and can therefore be for three types of decision making; operational, tactical and
strategic. Operational decision making is concerned with run time monitoring whereas tactical and
strategic look at information gathered over a longer period of time. Figure 9 depicts these two main
monitoring types. Routing decisions as is the case in the GIOCA process can also be described as
operational decision making, and data on which the decisions are based can be monitored. In this
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case the process will not be adjusted to increase performance directly, but to complete the process
description. Some of these routing decisions may be automated based on monitored data items,
thereby automating looking up data, making the decision and implementing the decision, which
correspond to link 2 and 3 of Figure 9 respectively.

Figure 9: Monitoring and decision making

Taking a look at automation possibilities, Table 11 includes the required information of the flexibility
requirements that are not related to direct human input. This means that when the required data for
the flexibility requirements are known, the system can automatically choose the right path of
activities for that patient. As can be seen from Table 11, the required information for automation
can be monitored from the new patient application and blood test during treatment. This means
that the system can automatically choose to inform the Oncologist in case of low GFR blood value
right at the moment the value becomes available, so that appropriate action can be undertaken as
soon as possible without having to wait for the Oncology nurse to check the blood value.
Besides automating the adaptation of the process instance, monitoring may be introduced for other
causes as well. At the moment an activity is created the system may attach a deadline for when the
activity should be completed. By monitoring how long is left before the deadline, warnings can be
created to alert the corresponding resource that the activity should be completed in the near future.
The date at which e.g. examinations or questionnaires have been filled in should also be monitored.
A CT-scan may not be older than 4 weeks when it is judged during triage. When it is older, a new CTscan should be performed before the MDM the patient will be discussed in. Even so, the
questionnaire for the anesthesiologist and sedation list may not be older than 6 months when the
patient goes for surgery or endoscopic examination respectively. Having the system create such
warnings releases the pressure for looking up dates for these past activities, and makes sure the
activity is performed in time when they have to be redone.
For the monitoring possibilities discussed above only dates and times have to be checked. Whether
they can really be implemented depends on the applications and support to extract information.
Monitoring may however also be used for activities that concern medical information. To link
operational decision making to these extra monitoring activities, additional applications are
required. Use of such applications might be regarded as desirable in the future and will therefore be
discussed in section 5.4.
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5.3.3 Technical feasibility of Workflow requirements
Two areas of feasibility can be identified for this workflow investigation which will both be discussed
in this section.
•
•

The workflow language, i.e. the possibility of implementing the required flexibility into the
process definition for a Workflow Management System.
The architecture, i.e. the feasibility of implementing a Workflow Management System into
the current ICT architecture of the AMC.

Workflow language
Basically there are two types of workflow languages: imperative and declarative. The difference
between the two is that imperative languages prescribe what is allowed, whereas declarative
languages describe what is not allowed. Declarative languages therefore leave more room for the
users to execute the activities in the process the way they want (Schonenberg et al., 2007). For our
GIOCA process imperative languages seem most appropriate since the process is not completely
known at the start, which is not desirable when using declarative languages since not all
requirements are clearly defined beforehand.
In Schonenberg et al. (2007) not only four types of flexibility have been identified, also four
contemporary workflow languages are being discussed. They discuss YAWL, FLOWer, ADEPT and
Declare, of which the first three are imperative. Also has been investigated whether they support
the four identified types of flexibility. All four languages support the flexibility by design. The four
languages also all support at least one additional type of flexibility, all a different type of flexibility
for the four languages as shown in Table 12. Mulyar (2009) however mentions that YAWL does to
some extent support flexibility by change, which is why the sign in Table 12 is changed into +/instead of a - as in Schonenberg et al. (2008). In Mulyar (2009) even more workflow languages are
being discussed, but none really support flexibility by underspecification.
Workflow Language
YAWL
FLOWer
ADEPT
DECLARE

Design
+
+
+
+

Deviation
+
+

Undersp.
+
-

Change
+/+
+

Table 12: Flexibility support by Workflow languages

The new name of the workflow language FLOWer is BPM|one, a workflow package from Pallas
Athena (Pallas Athena, 2011). Within the AMC BPM|one is already used to distribute referrals from a
selection of general practitioners to outpatient clinics of the hospital. As mentioned by Schonenberg
et al. (2007) FLOWer does not support flexibility by underspecification, which means that the GIOCA
process should be modeled by using flexibility by design when it is decided to use the BPM|one
package, most certainly increasing set up costs of the system because of the increased effort.
For the types of flexibility that are desired for the GIOCA process it seems that the YAWL language is
the best fit. This follows from the fact that for some flexibility requirements the possibility for
underspecification is preferred since it will reduce the effort to build the model.
However, BPM|one seems to be able to support the process in a more efficient way than flexibility
by design does expect. BPM|one contains the ability of ‘Multi-choice’ which makes it possible to
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choose n out of m branches of an OR-Split. This is achieved by their so called ‘subplans’ which may
execute an activity or path of activities when a restriction is met. When it is not met it will pass
through an empty branch (Workflow Patterns, 2002). As a consequence it is not required to define
all combinations of e.g. examinations in separate branches, therefore reducing complexity of the
process definition. As the Workflow Management System will only be used for the GIOCA process,
the amount of modeling will not be different with flexibility by underspecification as each path has
to be defined once. The modeling effort will change when more processes will be supported as
discussed in section 5.4.
Also other issues have been identified concerning the creation of a process definition. According to
Mans (2011) there are two main issues that arise when workflow fragments are used. The first issue
is the level of granularity of the workflow fragments. A consult has a granularity of one patient
where the MDM has a granularity of multiple patients. Normally one instance of a workflow
fragment is initiated for one patient, but one MDM instance now has to be used by multiple
patients. The second issue concerns the relationship between workflow fragments. When there is
the possibility to initiate one or multiple fragments in parallel, it is required that the engine knows
what relationships all initiated fragments have, including the running and the newly initiated. In a
sense the system should therefore be smart in such a way that it knows when the links are active
and when not, based on the examinations that have been chosen. A framework by Van der Aalst et
al. (2009) has been created that addresses the issues just mentioned and solves them.
It is also possible to solve the above mentioned issues in another way. The first issue can be solved
by allowing the MDM to be initiated multiple times on the same date and time which is supported
by YAWL and FLOWer (Mans, 2011). This way one task is created for each patient instead of having
one task containing all patients. This does not seem to be too complex since it only concerns two
steps, namely preparation for the meeting and the meeting itself.
An idea to solve the second issue is to create split and merge points, which are actually dummy
activities, which contain the information that may be required by the fragments that can be
selected. The fragments should send the information that is required in future fragments to the
merge point, instead of directly to that fragment. This way no individual links have to be created
between the fragments for each possible combination. Also no links are required within a
placeholder for the GIOCA process as all information is stored in the applications’ databases and no
case information is shown in the user interface.
AMC Architecture
To investigate whether a Workflow Management System would be able to operate within the AMC,
the current ICT architecture had to be mapped. For this mapping only the systems that are used
within the GIOCA process have been identified since other systems will have no influence on the
investigation. The mapping of the current ICT architecture to retrieve patient information can be
found in Figure 10. All applications that are used within the AMC have their own data store, for
which separate databases have been drawn in the figure. The ‘AMC Zorg Desktop’ (AZD) has two
main functions. First, it is used to retrieve patient information and is therefore used as a top layer as
if it seems that all information is stored in one system. Second, from the AZD other applications can
be invoked, e.g. Norma, which immediately shows the patient that is also selected in the AZD. For
the first function, the AZD is connected to these application databases through ‘ZOUGA’, having the
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ability to query the required information from the data sources and show it on the screen of the
user. ZOUGA then sends the query request to the stored procedure service of the database, which
responds with sending the requested information, e.g. headers of documents. This link from the AZD
towards the individual applications only possesses a retrieve function, which means the AZD and
cannot adapt the data items in the application databases.
Two users have been drawn in Figure 10 to show what applications the user may interact with.
Although two users have been drawn, they do not represent different types of users.

Figure 10: Current AMC ICT architecture

For the investigation also a reference model had to be used to show in what way the Workflow
Management System should operate within the current ICT architecture of the AMC. A generic
Workflow Management architecture can be found in Figure 11 (WfMC, 1995) showing the required
interactions of such a system with other applications.

Figure 11: Generic Workflow Management System architecture
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The required ‘Process Definition’, created with the ‘Definition Tool’ often provided by the Workflow
package, can be based on the process mapping of section 4 and the flexibility possibilities provided
by the workflow language. This definition refers to the ‘Organization/ Role Model Data’ by providing
the role required to perform an activity by which the Workflow Engine can retrieve the correct user
to perform the activity.
From this figure it can be seen that the Workflow Engine requires two databases of which the
‘Workflow Control Data’ contains information on the status of activities, e.g. complete or pending,
and the ‘Workflow Relevant Data’ information on how to route the cases through the process.
Information that is generated during an activity is simply stored in ‘Workflow Application Data’, and
if it is not relevant for routing the cases through the process, it is of no use to the Workflow Engine.
Data that is relevant for the Workflow Engine to route cases through the general process are the
following:
•
•
•
•
•
•
•
•
•

Dates and times of appointments
Blood values
Choice on examinations by the Radiologist
Choice on treatment or examinations during the MDM
Choice on treatment in the GIOCA afternoon
Choice on additional examination or MDM during the follow up phase
Expiration date of CT-scan
Expiration date of blood values
Expiration date of sedation list/ informed consent

Information on expiration dates for the CT and blood values can be retrieved from the new patient
application where expiration of these items and the sedation list in later stages of the process can be
logged from the activity by the workflow system. Furthermore, choices made by specialists are not
yet supported by any application. Norma seems most appropriate as this is already used as the
patient record. The Workflow Relevant Data should then be linked at least to the following current
databases:
•
•
•

X-Care for dates and times of appointments
Lab ZIS for blood values
Norma for process decisions

Referring back to the types of decision making, the acquiring of this Workflow Relevant data is the
‘Data collection’ in Figure 9.
For some activities the invocation of applications is required, of which some activities may be
performed automatically, without involvement of a user. In this case the invoked application is able
to automatically generate output. When a user is required, the user can interact with the Workflow
Management System through the ‘User Interface’ of the ‘Worklist Handler’, where the activities that
the user is expected to perform are listed. To perform an activity, it might again be required to
invoke one or more applications.
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Looking at the GIOCA process, the Workflow Engine should ideally invoke applications like e.g. XCare to schedule appointments, without the involvement of a user. Currently a user is required for
these activities, and automation does not seem implementable either. This is also suggested by
(Mans, 2011) in which an additional ‘Scheduling Service’ is created to cope with agenda’s and
appointment scheduling.
Applications that are required to perform activities with user involvement may be invoked by the
‘Workflist Handler’ or the ‘User Interface’ when looking at the reference model in Figure 11. This
means that ideally links should be created from one of these functions to the required applications,
thereby implying that the resource can e.g. immediately start their activity in the right screen of the
application when the case is selected from the worklist. Since the AMC has no intention to create
such links because of the ICT regulations for the short term, these links will not be created. The users
are therefore required to open the applications and go to the correct screen themselves. This means
a few additional actions have to be performed to retrieve the required information or perform the
activity. Throughput time of activities will however not increase considerably because of this, but
resistance to change may do so.
Following the reference model of Figure 11 the database containing the ‘Workflow Relevant Data’
should be updated by the corresponding application. This may not seem the most favorable solution
since separate links have to be generated for all applications, increasing the complexity of the
architecture. Also, according to the current ICT regulations of the AMC, such links will probably not
be created because of the projected change of the ICT architecture and implementation of a hospital
wide Electronic Patient Record.
There seem to be four solutions:
•
•
•
•

Create a filter that filters out the HL7 messages that are sent by the applications and only
store information of the required patients.
Create a simple application that is able to query information from the application database.
Link the ‘Workflow Relevant Data’ database to ZOUGA.
Create a simple application that is able to write information typed in the ‘User Interface’ of
the ‘Worklist Handler’ in to the ‘Workflow Relevant Data’ database.

The first solution is a sort of publisher-subscriber relation (Mühl, 2002). X-Care and Lab ZIS are the
publishers sending out HL7 messages (HL7, 2011) to Cloverleaf when a new appointment is made or
a new test result is available. These messages may be captured by a filter, the subscriber, which may
filter the messages on basis of the patient number of the GIOCA patients, which are stored in the
‘Workflow Control Data’. The required information from the message can then be written into the
‘Workflow Relevant Data’ database. Cloverleaf acts as a distributor between X-Care, Lab ZIS and the
filter, taking care of distributing the received messages and putting the messages in the required
format. The filter should therefore subscribe to the HL7 messages of both applications at Cloverleaf.
The link from X-Care and Lab ZIS to Cloverleaf already exists. As information cannot be retrieved this
way from Norma, an additional solution has to be selected to retrieve the process decision
information.
A second solution is to create a simple application that possesses the ability to query the required
information from the corresponding application databases. For this only the right query has to be
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sent to the stored procedure services of the application databases and the information will be
received, which should be possible for X-Care and Lab ZIS. For Lab ZIS a query would be to retrieve
the e-GFR blood value of the most recent blood test, including the date of this test.
The third solution is to link the ‘Workflow Relevant Data’ database to ZOUGA as is done with the
AZD. Since the basis for this indirect communication instead of direct links has already been made
for the AZD, parts can be reused to create this link. This option actually has similarities with option 2,
the ability to query information from the databases. However, information is now retrieved
indirectly through the ZOUGA application.
Both options 2 and 3 can use the fact that it is known at what points these data items become
available and are required. As a result, it is known when the ‘information update’ should be
performed. Also no problems will arise in determining what database should be leading in terms of
changed data items since the Workflow Relevant Data items are not changed by the Workflow
Engine and only updated with information from the connected application databases.
The last solution is to create a simple application that is able to store the information that is typed
into the ‘User Interface’ of the ‘Worklist Handler’. It is exactly known for what activities the
application has to write the information to the ‘Workflow Relevant Data’ database, and does not
seem to be complex. A disadvantage of this option is that information has to be typed into the user
interface of the workflow management system while it is also available in another system, and thus
actually requires double work. In section 5.3.4 the costs and benefits of the options will be
discussed.
The mapping of the ICT architecture can also be extended by introducing a Workflow Management
System. Therefore the Workflow Engine, Worklist Handler and the two databases linked to the
engine have been added in Figure 12. In Figure 12 the situation where the HL7 messages are being
filtered is depicted. Visualizations of the ICT architectures of the other options can be found in
appendix 5.

Figure 12: New AMC ICT architecture option 1
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5.3.4 Costs and benefits
In this subsection the costs and benefits of implementing a Workflow Management System for the
GIOCA process will be discussed.
Benefits
Like the tables in sections 5.1 and 5.2, also for the implementation of a workflow management
system the impact on the problem categories can be shown. Table 14 lists the identified activities of
the problem categories for this last level of improvement.
In general the following benefits are being achieved by implementing a Workflow Management
System:
•
•
•
•
•
•
•

Eliminate scanning of documents, saving approximately 30-45 minutes per week.
Reduce walking, saving approximately 20-25 minutes per day.
Eliminate calling to other departments.
Eliminate the creation of applications for examinations, saving approximately 3 hours of
work per week, assuming 10 new patients and 12 examinations per week.
Less GIOCA letters to be prepared and sent.
Reminders and alerts for activities (can e.g. facilitate that the patient receives their next
appointment at the end of the GIOCA day).
Eliminate writing on paper and corresponding effort to understand.

Costs
In chapter 5.3.1 has been described that there are several propositions in 5.1 and 5.2 that can make
the information in digital form. For some points two propositions have been identified. If the
following propositions will be used the costs are as follows:
Improvement
Proposition 5.1.11
Proposition 5.2.1
Proposition 5.2.7
Proposition 5.2.8
Proposition 5.2.13
Proposition 5.2.14
Adapt sheet for research question additional examination
All questionnaires digital

Costs
10-15 hours
20-25 hours
€800
35-40 hours
5 hours
15-20 hours

Table 13: Costs to make the required information in digital form

In total approximately 100 hours is required to build the required functionality in Norma. Next to
this microphones have to be purchased for preparing their letters. As assumed in 5.2.13 these will
cost €800.
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On paper

•
•
•
•

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Complete the application
Collect the new patient file
Triage judgment
Note results of triage in GIOCA
status and make work sheet when
needed
Fill out application forms for
examinations
Receive examination application
from GIOCA
Refer patient to other hospital for
treatment
Check letter and approve
CT-Simulation
Weekly consult with radiotherapist
Short report on treatment
Give planning for next week’s
radiation
Application of new GIOCA patient
for chemotherapy
Consult with oncologist before
treatment
Consult with nurse before
treatment
Weekly consult with oncologist
Order medication for treatment
Prepare for treatment
Medical anamnesis
Hospitalization anamnesis by

Shallow digital

Double work

Other waste

• Scanning of documents
• Add information to Excel patient
record
• Scanning of examination
applications
• Fill out application form for MDM
• Adjust letter
• Fax the nutritionist’s questionnaire
• Notify Oncology department and
GIOCA nurse through mail
• Record letter (oncologist and
radiotherapist) / Write letter of
discharge
• Work out letter
• Send e-mail to OR-planning
• Call for a transfer nurse

• Add information to the Excel
patient record
• Note results of triage in GIOCA
status and make worksheet when
needed
• Fill out application forms for
examinations and MDM
• Retype the triage conclusion
• Retype anamnesis from referral
letter
• Retype the MDM conclusion
• Adjust letter
• Reschedule Radiotherapy sessions
• Record letter (oncologist and
radiotherapist) / Write letter of
discharge
• Work out letter
• Add information to Mosaiq and
paper patient status
• Application of new GIOCA patient
• Send e-mail to OR-planning
• Medical anamnesis by intern
• Hospitalization anamnesis by
nurse

• Scanning of documents of referrer
• Walking to GIOCA administration
to pick up new applications
• Walk to Radiologists and hand in
CD and forms
• Walking to Radiology
administration to deliver the CD
form
• Walk to E2 to prepare applications
• Preparing too much sideexaminations e.g. ECG, lung
function test, blood test
• Walking to GIOCA administration
to hand over applications for
examinations
• Calling Endoscopy department to
inform them a new application has
been placed
• Walking to the examination
department to plan examinations
• Scanning of examination
application
• Calling Pathology as a reminder
• Calling treating specialists
• Waiting and searching for the next
patient to consult
• Waiting for the surgeon or gastroenterologist to complete the
application for additional
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nurse
• Visits by specialists
• Nursing report
• Call for a transfer nurse

•
•

•
•

•

•

Table 14: Workflow Management system implementation and problem categories
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examination
Searching for and walking to the
responsible specialist
Walking to the GIOCA
administration to hand in the
checked letter
Faxing the nutritionist’s
questionnaire
Walking to Oncology department
to deliver the application of a new
patient
Waiting for the Radiotherapy Plan
Bureau to plan the radiation
sessions
Calling Radiology department for
an X-ray when a drain has been
removed after surgery

As mentioned, there is no employee within the AMC with sufficient knowledge to create process
definitions for the BPM|one Workflow Management System, and therefore has to be outsourced.
This is also the case for creating the invocation links to other applications as mentioned in Figure 11.
However, the invocation links with applications do not seem feasible because of the current ICT
regulations within the AMC. To get more insight in the costs of these links and the process definition,
additional research has to be performed and Pallas Athena has to be contacted. Since costs
estimation for this would be guessing with no real basis, this will not be included in this report.
Costs for the four options to retrieve information from applications are specified in detail in
appendix 6. Since these are rough estimates they may deviate from reality. Most often the required
work for a type of link is kept constant between the options, e.g. creating an additional application
requires 60 hours of work. Costs for the four options are estimated as in Table 15. Costs for creating
the links for a testing environment will most certainly be significantly lower since e.g. extensive
testing is not required. As Norma does not send out HL7 messages solution 1 is not feasible as a
complete solution. Therefore some of the costs of option 2 have been added as this seems to
require the least additional work. This means that the filter application of solution 1 has to be able
to query information from Norma as well.
Option

Costs

1.
2.
3.
4.

€18.090
€15.390
€7.020
€8.640

HL7 publish and subscribe relationship
Query application
Retrieve information through ZOUGA
Simple application between the worklist handler and database

Table 15: Costs for options to retrieve 'Workflow Relevant Data'

As calculated above, retrieving the relevant data through ZOUGA is least costly. It was however
suggested that this solution was not the preferred solution. The simple application between the
Worklist Handler and the relevant information database is the first attractive alternative considering
costs. This solution however requires the employees to perform double work. Since Norma does not
send out messages to Cloverleaf, the first option’s costs are highest, which makes it less attractive
than the second option which achieves the same; automatically retrieving the required information
without performing double work.

5.4 Future perspective
The investigation whether the implementation of a Workflow Management System is feasible for
the GIOCA process is mostly based on the current situation and its corresponding possibilities. In this
section future use of Workflow Management will be discussed.
Separate process logic from application logic
This is actually what a Workflow Management System will accommodate. When e.g. for all activities
a different application is used, and workflow between activities in the process is guided through links
between the corresponding applications, the system architecture will become complex very fast and
inflexible for change. When e.g. the order of activities is changed, this means that all links
corresponding to these activities will have to be adapted which will be very costly and time
consuming.
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Flexibility by underspecification
As discussed in section 5.3.3, flexibility by underspecification is the preferred modeling type. FLOWer
(BPM|one) supports the use of multi-choice which reduces complexity and effort compared to
flexibility by design, and eliminates the need to define all combinations of possible paths. When in
the future the use of Workflow Management is expanded throughout the hospital, flexibility by
underspecification seems desirable as modeling with multi-choice will require more effort because
the available paths have to be identified and defined for all processes. Flexibility by
underspecification does not require this as it allows composition of available activities at run time.
Invoking applications
For convenience and speed it would be preferred if certain information on the case is already shown
in the ‘Worklist Handler’ of the resources. This means the ‘Worklist Handler’ should be able to show
the information from the application database(s). Also, when a case is selected, the application to be
used should be invoked and show the right screen to immediately start performing the required
activity, which requires to link all activities to the corresponding application and screen. It is
therefore also advised to try and use as minimum applications as possible, and try to use
applications at multiple places if possible to eliminate need of creating completely new links.
Response time
One point of concern that also needs to be addressed is the response time of the applications. To be
able to compete with information on paper it is required to have applications which respond quickly,
and motivate employees to use the digital systems above paper. One drawback of using only a
couple of applications might be that they will become slow because of their size, and people using
the application at multiple locations at the same time.
Decision support
Section 5.3.2 already addressed some organizational oriented monitoring possibilities. Medical
oriented monitoring will require decision support system because of the extensive amount of
information that is used in evaluating the monitored data item(s).
Examples of this are the prescription of medication. It can be used to prevent medication influencing
each other because of interactions. For this all medication the patient currently uses has to be
checked with the newly prescribed medication for such known interactions. It could well be that e.g.
treatment should be adapted, or at least increased awareness should be created when a
combination of medication is being used. One other monitoring activity may be the answers of the
questionnaires that the patients are required to fill out. The judgment of the patient’s answers by
the nurse may be automated in the system since this judgment does not seem to be complex. This
means that when e.g. the questionnaire for the nutritionist is completed digitally, it may be judged
by the decision support system.
Knowledge
In the current situation most activities concerning BPM|one have to be outsourced to Pallas Athena.
This is obviously very costly and will increase throughput time of the activity. Such outsourcing
should be avoided, especially when it is known in advance that adaptations or extensions may have
to be made in the future. An employee should therefore be educated to gather sufficient knowledge
of such systems to be able to perform adaptations in house.
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6 Discussion
This chapter provides a discussion on some of the redesign propositions of sections 5.1 and 5.2.
Digital application
Proposition 5.2.2 discussed the possibility of applying a new patient through the website on the
internet. Next to security issues of submitting the information it is probably undesirable to have the
information from the internet form copied directly into Norma. As there are currently no possibilities
of exchanging patient information between the information systems of different hospitals, this will
not be desirable since filling out the form may introduce error. A check of the information will
always be required which makes the proposition of receiving the medical letter in e.g. pdf format
almost alike.
Although the textual information is received in digital form, the process cannot be initiated until the
imaging is also available at the hospital. Three options have been proposed, retrieve imaging from
the referrer’s network, look into their PACS directly and to let them upload their images. The first
option created additional work for the referring hospital which is unwanted since they may refer the
patient to another hospital. The second option seems to find support within the hospital as a pilot
will start for E-Radiology, where at least hospitals within the area are able to see partial imaging of
patients. The last option will also receive less support, where instead of creating a CD, the referring
hospital has to upload the images. This however implies huge data transfers between hospitals,
which is undesirable.
As the Dutch government does not allow a national Electronic Patient Record (EPR), implementing
digital referral seems costly and complex because of the different systems used in the hospitals.
Investigate when information is really required
For some processes information is requested at moments when it is not yet required. Patient
information is requested upon application for an examination while this has no direct impact on
planning the examination. Making the patient information available just before the examination and
let the physician prepare for it should be sufficient. Looking at when information is really required
instead of when it is requested may open new opportunities for process improvement and smoother
flow.
Resistance
Resistance to change is often present, and not all departments will probably support the redesign
propositions as presented in this report, as a lot of solutions involve more extensive use of Norma. It
is therefore wise to evaluate current Norma sheets and look how information should be organized to
make optimal use of Norma, and make work easy and pleasant for its users. When work is made
convenient for the users the chance of successful implementation may be increased, e.g. the
resistance for eliminating the use of paper forms may be reduced. This can be linked to Business
Process Redesign failures as being listed by Al-Mashari & Zairi (1999), mentioning resistance to
change, fear, lack of optimism, and skepticism about BPR results and loss of control and position.
Adequate reconsideration of Norma’s requirements therefore seems valuable. Reducing resistance
and looking at the moment information is required will e.g. improve proposition 5.1.5.
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Adapting Norma
As proposition 5.2.10 concerning the MDM sheet and linking the contents to other sheets eliminates
the double work of typing information that has already been entered, the benefits may actually be
negligible as it only eliminates a simple copy paste. The cost for implementing is however low,
especially taking into account what is described below.
Another point of attention is the investigation of desirable changes in Norma. Identifying all desired
changes at once can reduce costs and effort compared to executing changes as separate projects
since analysis and design may be combined when it is performed in one large project. Also needs to
be pointed out that additions to Norma are feasible and changes to current text fields are not, since
projection of the new version to old patient records will become a mess as definitions of information
are adapted. For future electronic patient record use also a focus on user and activity requirements
should be taken.
Responsibility and communication
Throughout shadowing the process it has become clear that responsibilities are not clearly defined
for all activities and communication is lacking, which both especially appear after a patient’s
treatment. For example, when a surgeon applies a patient for an examination and results have not
been communicated to the patient, it is not always clear whether the nurse should inform the
patient or the surgeon will do it himself. As the surgeon will probably receive the results, and the
patient will call the nurse, a lot of time will be wasted to find the surgeon and find out what has to
happen. To reduce such incidents, it has to be clearly stated who is responsible for what activities,
and through communication it can be agreed to deviate from this.
Future systems
The AMC is currently investigating the requirements of a new Electronic Patient Record (EPR). As
more outpatient clinics will be set up in a multidisciplinary setting having multiple systems will
increase ICT complexity and unnecessary activities e.g. introducing double work as seen in this
project. The storage of information should also be managed centrally instead of within the separate
applications. The focus of the ICT should be to eliminate as much as separate applications as possible
and incorporate as much of the requirements as possible into one system. As one system will be
used for the main activities in the hospital, all employees will know what system to use and not get
lost in the different systems in use at their department, and create uniformity between
departments. The requirements of the new EPR should include the ability to schedule appointments
and examinations in other departments’ agendas. A useful addition would be that the new system is
able to support the processes as a Workflow Management System as this will reduce simple
activities, waiting, walking and physical handovers of work. Also the support of planning heuristics
seems worth to be added to the requirement list. Introduction of multidisciplinary, one stop
outpatient clinics as GIOCA also comes with planning issues. In this multidisciplinary context multiple
appointments and examinations have to be scheduled for multiple patients. Support of planning
heuristics can help in producing an efficient planning and reduce waiting time for patients.
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7 Conclusions
This report provides the output of the business process improvement project in a hospital outpatient
clinic. It describes the investigation of how the process can be improved using Business Process
Redesign methods and feasibility of supporting the process with a Workflow Management System.
Mapping the process showed that there are certain points in the process at which it is decided at run
time what the next steps are that need to be taken, and a lot of deviations to the process are
possible. During the analysis four types of problem categories have been identified and mapped
onto the process models by adding colored labels for the following categories:
•
•

On paper:
Shallow digital:

•

Double work:

•

Other waste:

Activities that are done or involve work on paper
Activities that are done using ‘shallow’ digital software, thus not in
an integrated system, e.g. e-mail or MS Word.
Activities, or parts of activities, that have been performed earlier or
have to be performed multiple times.
Activities, or parts of activities, that add no value to the process and
are not classified as double work.

Three categories have been identified for the process improvements. The first category concerns
process improvement propositions that do not require the use of additional Information Technology
and are mainly based on the Business Process Redesign best practices as defined by Reijers & Liman
Mansar (2005). Using the Norma application instead of preparing the paper application forms is such
a proposition out of 18 that do not require additional IT. The proposition has low cost of
implementation and can save up to hours of work per week for the nurses. The second category
involves 15 redesign propositions that do require additional IT or adaptation thereof. Receiving the
referrer’s medical letter in digital form can be classified in this second category. Category three
describes the investigation on implementing a Workflow Management System.
The investigation shows that implementing some of the propositions of the first two categories can
facilitate the digital format of the required information. Next to this, the desired flexibility is not
available in all workflow packages. BPM|one, a workflow package already in use within the hospital
does not provide this type of flexibility. Also it is clear that the current regulations of the hospital
regarding the ICT, gives no opportunity to make optimal use of the capabilities of Workflow
Management Systems. Invocations will not be invoked by the system and should be done manually
by the user.
To implement a Workflow Management System, links have to be created with existing databases to
facilitate the use of information from other applications, and let the workflow engine route the
patient correctly. Of the four proposed solutions linking the Workflow Relevant Data database to
ZOUGA is least expensive but is not preferred. Although it requires some double work, creating a
simple application which requires the user to enter information into the user interface of the
Workflow Management System seems a good alternative.
As can be seen from Table 8, Table 9 and Table 14 in sections 5.1 through 5.3, and comparing them
to the list in appendix 3, not all identified items in the four problem categories have been addressed
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and some waste will always exist in the process. Also costs for many of the propositions are hard to
quantify precisely as they are purely based on guesses. It should be possible to implement some of
the redesign propositions on short notice as the propositions in section 5.1 have low costs, or no
costs at all.
Implementation of a Workflow Management System of a single process will be costly and is
comparable to an all or nothing situation. As all propositions have their individual costs and benefits
it is useful to look at the other propositions and identify the improvements that have largest impact
on the important performance measures of the process.
Looking at the future of the GIOCA outpatient clinic and the hospital in general, some points of
attentions have been mentioned. As resistance to change is always present, the response time of
systems should be kept low and user and activity requirements have to be investigated. When the
complete hospital has to be supported by a Workflow Management System, flexibility by
underspecification is certainly desired as creation of separate links will make the process definition
too complex. It is clear that processes and ICT have to be synchronized and requirements and
possibilities have to be adjusted to each other.
One last recommendation is to clearly define responsibilities for activities as this is unclear for
activities after a patient has gone for treatment. This concerns e.g. the application for examinations
and informing the patient about consults and results. Time is wasted by searching for the patient
and retrieving the required information while clear responsibilities and communication would have
reduced this to a fraction of time.
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Appendix 1: List of interviewed functions
and inquired documentation
List of interviewed functions:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

GIOCA nurse
GIOCA administrative worker
Radiologist
Radiology administration
Gastro-enterologist
Surgeon
Oncologist
Oncology nurse
Radiotherapist
Plan Bureau Radiotherapy
G6Zuid nurse
AMC ICT architecture staff member
Cloverleaf staff member
BPM|one administrator
Norma administrator

List of used existing documentation:
•

GIOCA, Procesherinrichting, 2008
(G:\...\Projectenarchief)
o Actor activity diagram jan 2009.doc
o Gioca simulatie process stappen 07 04 09.doc
o Kaartje procesbeschrijving.doc
o Procedure brieven GIOCA.doc
o Procesbeschrijving_eSV_GIOCA_v10.doc
o Verschil GIOCA-CHIRURGIE-dossier.doc

•
•

Oesophaguscarcinoom protocol
Klinisch Zorgpad Versneld Herstel Programma TTOCR en THOCR

•

Intranet
o Radiotherapy work instructions
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Appendix 2: GIOCA process mapping
Symbol

Explanation
Activity symbol.

Repeat symbol. The activity may be performed multiple times.

At this point in the process a decision has to be made on what
activity is the next to be performed. This may be a direct choice
or based on information generated earlier.
Connector symbol. Is used to link the multiple elements to
generate one process model.
Resource symbol. Contains the abbreviation of the resource
performing the activity. The complete lists can be found in
appendix 2.
Hierarchy symbol. The activity contains sub processes.
Linking point symbol. The start and end point of a (sub) process,
and used to link the multiple sub processes.
Information System symbol. Contains the Information system
used for the activity. The complete lists can be found in Table 4.
The activity, or part of the activity, has been performed earlier or
has to be performed multiple times.
The activity, or part of the activity, involves work on paper.
The activity is performed using ‘shallow digital’ software, thus
not in an integrated system, e.g. e-mail or MS Word.
The activity, or part of the activity, does not add value to the
process.
The handover between activities does involve waste.
Table 16: Process model symbol legend
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Resources
A
= MDL-arts
AA
= Afdelingsassistent
AN
= Anesthesist
AP
= Apotheker
APS
= Acute Pijn Service
ART
= Afdeling Radiotherapie
BT
= Bestralingstherapeut
C
= Chirurg
CA
= Administratie Chirurgie
COA = Co-assistent
D
= Diëtist
DA
= Doktersassistent
EA
= Endoscopie Administratie
EB
= Endoscopie Balie
F
= Fysiotherapeut
GA
= GIOCA Administratie
GB
= GIOCA Balie
ICA
= Intensive Care arts
ICV
= Intensive Care verpleegkundige
LAB
= Laboratorium
MD
= Multidisciplinair team (chirurg, GIOCA
administratie, MDL-arts, oncoloog,
radioloog, radiotherapeut, GIOCA
verpleegkundige)
NG
= Afdeling Nucleaire Geneeskunde
O
= Oncoloog
OA
= Oncologie Administratie
OB
= Oncologie Balie
OVP = Oncologie verpleegkundige
PA
= Patholoog
PRT
= Planbureau Radiotherapie
R
= Radioloog
RA
= Radiologie Administratie
RB
= Radiologie Balie
RICT = ICT afdeling Radiologie
RT
= Radiotherapeut
RTA
= Radiotherapie Administratie
RTB
= Radiotherapie Balie
TVP
= Transferverpleegkundige
VB
= Verpleegafdeling balie
VKV
= Verkoever verpleegkundige
VPK
= GIOCA verpleegkundige
VVP
= Verpleegafdeling verpleegkundige
ZA
= Zaalarts

Information Systems
AZD
= AMC Zorg Desktop
BAgenda = Bestelagenda
Cone
= Conebeam
Endo
= Endobase
Excel
I-View
Impax
Lab ZIS
Med
= Medicator
Mosaiq
MV
= Medical Viewer
Norma
OKPlus
PatPl
= Patiëntenplanning
PDMS
Thera
= Theraview
Webmail
Word
X-Care
ZIS
= Ziekenhuis Informatie Systeem

Table 17: Process model abbreviation legend
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Figure 13: New patient application
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VPK

X-Care
Norma
Invullen aanmelding
en inplannen
onderzoek

VPK

R

Impax
Beoordelen van scans
verwijzend ziekenhuis

Uitkomsten triage
noteren in GIOCA
status + maken
werkbriefje voor CTscan en MRI

RICT
Koppelen scans naar
AZD

X-Care
Norma

VPK

Invullen aanmelding
voor onderzoek
R+
VPK

VPK
Verzamelen
relevante
informatie

A

Alvast
onderzoek
plannen?

Ja

Impax

Ja

Beoordelen van
verwijzingsbrief en
materiaal

GIOCA?
Nee

Nee

GA
Aanmelding
volledig?

Ja

X-Care
Inplannen
onderzoek en
consulten

VPK
+A
Bespreken twijfel

Nee
VPK
Bellen verwijzer

R

GIOCA?

Impax

RA
Inscannen
van CD-Rom

Norma
Webmail
Word

VPK

Ja

Afhandelen triage
Nee
Ja

Nieuwe
triage?

Nee

Onderzoek op
maandag?
MV
AZD

GA

Ja

Nee

Scannen nieuwe
informatie
EIND

Figure 14: Triage
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C

B

Figure 15: Monday's examination

Figure 16: GIOCA day morning
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Figure 17: GIOCA day afternoon
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Figure 18: Plan examinations and consults

Figure 19: Perform examination
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P1

Planning
akkoord?

P2

Ja

Nee

RT

Mosaiq

Plannen CT-Sim,Webmail
behandelperiode en
consulten. Versturen
brief naar patiënt

Aanmelden van
nieuwe patiënt in
systeem

G

Mosaiq

PRT

BT
+RT

ART

Mosaiq

BT
Ochtendgesprek,
controle
behandelplan

CT-Sim

Mosaiq

Bijwerken
bestralingsplan/
versturen naar PLATO

RT

BT
Bestralingsbehandeling

Wekelijks consult

Ja

Klachten?
BT

Plato
Thera
I-view
Patiënt verwijderen
uit systemen

Nee

Med

RT

PRT

Mosaiq

Afgeven brief voor
bestralingen volgende
week

Voorschrijven
medicijnen

Ja

Extra brief?
Nee

RT

RTA
Inspreken brief

Word

RT

Uitwerken brief

Controle brief

Figure 20: Radiotherapy treatment
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Word
AZD

RTA
Bijwerken en
versturen brief

H1

Figure 21: Radiation session

75

Figure 22: Chemotherapy treatment
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Figure 23: Chemotherapy session
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Figure 24: Finish PET-CT application and send last radiation date

VPK

Norma
Consult met
verpleegkundige

I
NG

AZD
Ja

H1

Voor operatie?

PET-CT onderzoek
C

H2

Norma
AZD

Nee

Consult met chirurg

F

Figure 25: PET-CT and after treatment consults
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J

Figure 26: Hospitalization, surgery and Intensive Care
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F,APS,
D,ZA
Visite door
specialisten

K
Ja

Oproepen zaalarts

Drain
verwijderd?

Probleem?
Nee

Ja

Drain controle

Nee

AZD
ZIS

VVP

Dagelijkse verzorging/
taken

Ja

Oproepen ASP

Oproepen transferverpleegkundige

Nee

Nee

COA,
ZA

VB
Afspraak maken voor
patiënt bij poli
chirurgie

Ja

Thuishulp
nodig?

Veel pijn?

L

Word

Schrijven ontslagbrief

Figure 27: Nursing ward
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ZA,C
Controle ontslagbrief

ZA

Word
Bijwerken/
definitief maken brief,
meegeven en
opsturen

Figure 28: Call for Ward doctor

Oproepen ASP

ASP
START

AN+
VKV

AN
Visite ASP

Ernstig?

Visite anesthesist

EIND

Figure 29: Call for Acute Pain Service

81

Naar
verkoever?

Behandeling op
verkoever

EIND

EIND

Oproepen transferverpleegkundige

VVP
START

TVP
Oproepen transferverplegkundige

Consult van transferverpleegkundige

Figure 30: Call for transfer nurse

Figure 31: Check and remove drain
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EIND

Figure 32: Pathology result consult

Figure 33: Follow up consult with surgeon

Figure 34: Additional examination after treatment
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Appendix 3: Complete list of identified
issues per problem category
On paper category:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Receive application and check completeness
Complete the application
Collect the new patient file
Triage judgment
Note results of triage in GIOCA status and make work sheet when needed
Fill out application forms for examinations
Receive examination application from GIOCA
Refer patient to other hospital for treatment
Check letter and approve
CT-Simulation
Weekly consult with radiotherapist
Short report on treatment
Give planning for next week’s radiation
Application of new GIOCA patient for chemotherapy
Consult with oncologist before treatment
Consult with nurse before treatment
Weekly consult with oncologist
Order medication for treatment
Prepare medication
Prepare for treatment
Medical anamnesis
Hospitalization anamnesis by nurse
Visits by specialists
Nursing report
Call for a transfer nurse

Double work category:
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Retype patient information from application
Add information to the Excel patient record
Scanning of CD
Contact referrer
Note results of triage in GIOCA status and make worksheet when needed
Fill out application forms for examinations and MDM
Retype the triage conclusion
Retype anamnesis from referral letter
Retype the MDM conclusion
Adjust letter
Reschedule Radiotherapy sessions
Record letter (oncologist and radiotherapist) / Write letter of discharge
Work out letter
Add information to Mosaiq and paper patient status
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•
•
•
•
•
•

Application of new GIOCA patient
Consult with oncologist before treatment
Order medication for treatment
Send e-mail to OR-planning
Medical anamnesis by intern
Hospitalization anamnesis by nurse

Shallow digital category:
•
•
•
•
•
•
•
•
•
•
•

Scanning of documents
Add information to Excel patient record
Scanning of examination applications
Fill out application form for MDM
Adjust letter
Fax the nutritionist’s questionnaire
Notify Oncology department and GIOCA nurse through mail
Record letter (oncologist and radiotherapist) / Write letter of discharge
Work out letter
Send e-mail to OR-planning
Call for a transfer nurse

Other waste category:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Contact referrer
Scanning of documents of referrer
Waiting until required material is received
Bring CD to radiology
Walking to GIOCA administration to pick up new applications
Walking to Radiology department for triage judgment
Walking to Radiologists and hand in CD and forms
Searching for gastro-enterologist to discuss doubt
Walking to Radiology administration to deliver the CD form
Walking to E2 to prepare applications
Preparing too much side-examinations e.g. ECG, lung function test, blood test
Walking to GIOCA administration to hand over applications for examinations
Calling Endoscopy department to inform them a new application has been placed
Walking to the examination department to plan examinations
Waiting until the GIOCA administration has finished planning
Scanning of examination application
Calling Pathology as a reminder
Waiting for MDM
Walking to Radiology department for the MDM
Calling treating specialists
Walking to GIOCA department by the treating specialists
Waiting for afternoon consults with treating specialists
Waiting and searching for the next patient to consult
Waiting for the surgeon or gastro-enterologist to complete the application for additional
examination
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•
•
•
•
•
•
•
•
•
•

Waiting until the specialist has prepared the letter
Searching for and walking to the responsible specialist
Waiting until the specialist has checked and approved the letter
Walking to the department’s administration to hand in the checked letter
Faxing the nutritionist’s questionnaire
Walking to Oncology department to deliver the application of a new patient
Waiting for the Radiotherapy Plan Bureau to plan the radiation sessions
Walking to pharmacy department
Waiting between treatments by the patient
Calling Radiology department for an X-ray when a drain has been removed after surgery
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Appendix 4: Information requirements of activities
Activity
New patient application:
Receive application and check completeness
Register patient in ZIS
Call referrer
Scanning of documents
CD to Radiology
Complete application

Add information to the Excel patient record

Triage:
Collect the necessary information and prepare
Scanning of CD
Fill out application forms and plan examinations

Judge application and examination results

Information needed

Digital

Personal information
Missing reports
Personal information
Personal information
Personal information
Medical letter
Reports of performed examinations
Personal information
Referrer
Date of application

No
No
Yes
Yes
Yes
No
No
Yes
No
No

Medical letter
Reports of performed examinations
Personal information
Images of performed examinations
Personal information
Type of patient
Performed examinations
Referring physician
Date of application
Patient history
Blood values
Patient medication
Research question
Patient history
Images of performed examinations

No
No
Yes
No
Yes
No
No
Yes
No
No
No
No
No
No
Yes for Radiology, No for Endoscopy
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Contact referrer
Scanning of new documents
Discuss doubt

Note results of triage in GIOCA status and make
work sheet when needed
Fill out application forms for examinations

Planning examinations and consultations

Receive examination application from GIOCA
Plan examination

Scanning and archiving of application
Finish off triage

Reports of performed examinations
Personal information
Missing reports
Personal information
Personal information
Patient history
Triage judgment result
Reports of performed examinations
Triage judgment result
Requested examinations
Personal information
Requested examinations
Referring physician
Date of application
Patient history
Blood values
Patient medication
Research question
Personal information
Requested examinations
Agenda of examination department
Personal Information
Type of examination
Additional required information
Personal information
Personal information
Referrer
Planned examinations
Planned consultations
Patient history
Patient medication
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Yes for Radiology, No for Endoscopy
Yes
No
Yes
Yes
No
No
No
No
No
Yes
No
Yes
No
No
No
No
No
Yes
No
Yes
Yes
No for Radiology, Yes for Endoscopy
No for Radiology, No for Endoscopy
Yes
Yes
No
Yes
Yes
No
No

Link referrer’s digital images to AZD

Judge and report referrer’s examination results

Monday and GIOCA morning:
Examination being performed

Arrival of patient
Prepare examination

Judge and report examination results
Link examination results to AZD

Consultation with nurse
Arrival of patient for hospitalization
Prehydration before examination
Examination being performed

Performed examinations
Requested examinations
Personal information
Triage choice on images
Images of performed examinations
Reports of performed examinations
Images of performed examinations
Reports of performed examinations
Triage judgment result

No
No
Yes
No
Yes for Radiology, No for Endoscopy
Yes for Radiology, No for Endoscopy
Yes for Radiology, No for Endoscopy
Yes for Radiology, No for Endoscopy
No

Personal information
Planned examinations
Additional required information
Patient history
Blood values
Patient medication
Research question
Personal information
Type of examination
Planned examinations
Additional required information
Images of AMC examinations
Personal information
Images of AMC examinations
Reports of AMC examinations
Personal information
Patient history
Personal information
Personal information
Blood values
Personal information
Planned examinations

Yes
Yes
No
No
No
No
No
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
No
Yes
Yes
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Arrival of patient at GIOCA desk
Consultation GIOCA morning and medical
anamnesis
Consultation with nurse
Examination being performed

Multidisciplinary meeting

GIOCA afternoon:
Consultation GIOCA afternoon, results and
treatment plan

Afternoon consultations with specialists
Prepare letter for referrer and fill out application

Additional required information
Patient history
Blood values
Patient medication
Research question
Personal information
Personal information
Planned consultations
Personal information
Performed side examinations in referring hospital
Personal information
Planned examinations
Additional required information
Patient history
Blood values
Patient medication
Research question
Images of performed examinations
Reports of performed examinations
Images of AMC examinations
Reports of AMC examinations
Patient history

No
No
No
No
No
Yes
Yes
Yes
Yes
No
Yes
Yes
No
Yes
No
Yes
No
Yes
Yes
Yes
Yes
Yes

Personal information
Planned consultations
Images of performed examinations
Reports of performed examinations
Images of AMC examinations
Reports of AMC examinations
MDM result
MDM result
MDM result

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
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form for PET-CT when patient goes for surgery

Fill out application forms for additional
examinations and MDM

Planning examinations and consultations

Inform patient

Refer patient to other hospital for treatment

Booking of consultations with specialists

Patient’s choice on treatment
Personal information
Referring physician
Date of application
Patient history
Blood values
Patient medication
Research question
Personal information
Performed examinations
Requested examinations
Referring physician
Date of application
Patient history
Blood values
Patient medication
Research question
MDM question
Personal information
Requested examinations
Agenda of examination department
Personal information
Planned examinations
Planned consultations
Personal information
Patient’s choice on treatment
Images of performed examinations
Reports of performed examinations
Images of AMC examinations
Reports of AMC examinations
Referral letter
Personal information
MDM result
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Yes
Yes
Yes
No
Yes
No
Yes
No
Yes
Yes
No
Yes
No
Yes
No
Yes
No
No
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Posthydration after GIOCA day
Generate and adjust letter
Check and approve letter
Make letter definite and fill in Excel
Finish off GIOCA day

Radiotherapy treatment process:
Register new GIOCA patient in Mosaiq

Plan CT-simulation, treatment period and weekly
consults and notify Oncology and GIOCA

CT-Simulation

Morning meeting, check treatment plan

Adjust treatment plan, send plan to PLATO
Radiation treatment

Personal information
Blood values
Prepared letter
Generated letter
Patient’s choice on treatment
Required adjustments to the letter
Personal information
MDM result
Requested examinations
Patient’s choice on treatment
Questionnaire Anesthesiologist
Questionnaire nutritionist
Questionnaire burden of illness

Yes
No
Yes
Yes
Yes
No
Yes
Yes
No
Yes
No
No
No

Personal information
Type of patient
Patient’s choice on treatment
Personal information
Type of patient
Patient’s choice on treatment
Agenda of Radiotherapy
Personal information
Type of patient
Patient’s choice on treatment
Personal information
Type of patient
Patient’s choice on treatment
Treatment plan
Personal information
Treatment plan
Personal information
Treatment plan

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
?
Yes
?
Yes
?
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Weekly consult

Personal information
Patient history
Treatment plan
Personal information
Discomfort of patient
Personal information
Agenda of Radiotherapy
Personal information
Treatment plan
Personal information
Patient’s choice on treatment
Treatment plan
Discomfort of patient
Particularities
Letter on tape
Prepared letter
Personal information
Required adjustments to the letter

Yes
Yes
?
Yes
No
Yes
Yes
Yes
?
Yes
Yes
?
No
No
Yes
Yes
Yes
No

Treat irritation of the skin

Personal information
Patient’s choice on treatment
Planned treatments
Personal information
Personal information
Treatment plan
Personal information
Discomfort of patient
Particularities
Discomfort of patient

Yes
Yes
Yes
Yes
Yes
?
Yes
No
No
No

Chemotherapy treatment process:
Application of new GIOCA patient

Personal information

Yes

Prescribe medication
Give planning for next week for radiation
Remove patient from the information systems
Record letter

Work out letter
Check letter
Adjust and send letter
Radiation treatment:
Prepare for treatment

Arrival of patient
Perform radiation
Short report on treatment
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Plan first consults
Consult with oncologist before treatment

Consult with nurse before treatment

Plan chemo treatments

Chemo treatment

Consult with oncologist

Prescribe medication
Record letter

Type of patient
Patient’s choice on treatment
Personal information
Application from oncologist
Personal information
Type of patient
Patient’s choice on treatment
Patient medication
Patient history
Personal information
Type of patient
Patient’s choice on treatment
Patient medication
Patient history
Personal information
Type of patient
Patient’s choice on treatment
Planning for Radiotherapy
Agenda of Oncology
Personal information
Patient’s choice on treatment
Discomfort of patient
Particularities
Personal information
Discomfort of patient
Particularities
Personal information
Discomfort of patient
Personal information
Patient’s choice on treatment
Discomfort of patient
Particularities
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Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
Yes
No
No
Yes
No
Yes
Yes
No
No

Work out letter
Check letter
Adjust and send letter
Chemo treatment:
Order medication for treatment

Collection of blood
Check blood values
Inform Oncologist

Contact patient
Inform pharmacy
Prepare medication

Prepare for treatment

Arrival of patient
Perform chemo treatment

Letter on tape
Prepared letter
Personal information
Required adjustments to the letter

Yes
Yes
Yes
No

Personal information
Type of patient
Patient’s choice on treatment
Patient history
Blood values
Personal information
Personal information
Blood values
Personal information
Blood values
Patient’s choice on treatment
Patient medication
Patient history
Personal information
Personal information
Decided treatment
Personal information
Decided treatment
Agenda of Oncology
Personal information
Decided treatment
Planned treatments
Discomfort of patient
Particularities
Personal information
Personal information
Decided treatment

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
Yes
Yes
Yes
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Short report on treatment

Check up consult:
Send e-mail to OR-planning

Finish PET-CT application

Plan PET-CT and consultations
Perform PET-CT

Consult with nurse
Consult with surgeon
Hospitalization, surgery and IC
Arrival of patient for hospitalization
Medical anamnesis
Hospitalization consult with nurse
Visits by specialists

Discomfort of patient
Particularities
Personal information
Discomfort of patient
Particularities

No
No
Yes
No
No

Personal information
Type of patient
Agenda of Radiotherapy
Personal information
Agenda of Radiotherapy
Blood values
Personal information
Agenda of Radiotherapy
Personal information
Patient history
Blood values
Personal information
Patient’s choice on treatment
Personal information
Report of PET-CT

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Personal information
Personal information
Type of patient
Personal information
Type of patient
Personal information
Type of patient
Patient health status
Discomfort of patient
Particularities

Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
No
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Preparation evening before surgery
Wake up patient
Bring patient to recovery room
Prepare patient for surgery

Surgery

Examine tissue
Nursing at IC department

Visits by specialists

Patient to Nursing Ward

Nursing after surgery and IC:
Nursing at Nursing Ward

Personal information
Agenda of OR
Personal information
Agenda of OR
Personal information
Agenda of OR
Personal information
Type of patient
Agenda of OR
Patient medication
Particularities
Personal information
Patient medication
Patient history
Particularities
Blood values
Personal information
Personal information
Patient history
Patient medication
Discomfort of patient
Particularities
Personal information
Type of patient
Patient health status
Discomfort of patient
Particularities
Personal information
Patient health status

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
No
No
Yes
Yes
No
No
No
Yes
No

Personal information

Yes
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Visits by specialists

Fill out application form for X-ray

Call Radiology to let the patient come for X-ray
Perform X-Ray
Call for transfer nurse

Visit by transfer nurse

Plan appointment at Surgery department
Prepare letter of discharge

Type of patient
Patient health status
Discomfort of patient
Particularities
Report of X-ray after removing drain
Personal information
Type of patient
Patient health status
Discomfort of patient
Particularities
Personal information
Type of patient
Performed examinations
Referring physician
Date of application
Patient history
Blood values
Patient medication
Research question
Patient information
Patient health status
Personal information
Research question
Personal information
Patient history
Troubles of patient
Personal information
Patient history
Troubles of patient
Personal information
Agenda of surgeon
Personal information
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Yes
No
No
No
Yes
Yes
Yes
No
No
No
Yes
No
No
Yes
No
No
No
No
No
Yes
No
Yes
No
Yes
Yes
No
Yes
Yes
No
Yes
Yes
Yes

Check letter
Adjust and send letter
Follow up consults:
Consult on PA result

Plan Follow up consults
Follow up consult with surgeon
Fill out application form for examination

Plan examination and consult

Additional examination being performed

Patient health status
Discomfort of patient
Particularities
Prepared letter
Personal information
Required adjustments to the letter

No
No
No
Yes
Yes
No

Personal information
Planned consultations
Report of PA examination
Personal information
Agenda of surgeon
Personal information
Planned consultations
Personal information
Type of patient
Performed examinations
Referring physician
Date of application
Patient history
Blood values
Patient medication
Research question
Personal Information
Type of examination
Additional required information
Agenda of surgeon
Personal information
Planned examinations
Additional required information
Patient history
Blood values

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
Yes
No
No
No
No
No
Yes
No for Radiology, Yes for Endoscopy
No for Radiology, No for Endoscopy
Yes
Yes
Yes
No
No
No
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Judge result by surgeon

Fill out application form for MDM

Patient medication
Research question
Personal information
Images of AMC examinations
Reports of AMC examinations
Personal information
Performed examinations
Referring physician
Patient history
Patient medication
MDM question

Table 18: Information requirements of all activities
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No
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No

Appendix 5: Possibilities for AMC ICT
architecture

Figure 35: Query the required information from the application databases

Figure 36: Link the Workflow Relevant Data database to ZOUGA

Figure 37: Create a simple application between the Workflow Relevant Data database and the Worklist
Handler
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Appendix 6: Cost specification Workflow
Management System
Option 1:
Work item:
Link Cloverleaf  Filter
Create Filter
Link Workflow Control Data  Filter
Link Norma  Filter
Link Workflow Engine  Filter
Link Filter  Workflow Relevant Data
Total working hours
Hourly rate
Total Costs

Hours
80
80
50
50
25
50
335
€54
€18.090

Option 2:
Work item:
Link X-Care  Query application
Link Lab ZIS  Query application
Link Norma  Query application
Create Query application
Link Query application  Workflow Relevant Data
Link Workflow Engine  Query application
Total working hours
Hourly rate
Total costs

Hours
50
50
50
60
50
25
285
€54
€15.390

Option 3:
Work item:
Link ZOUGA  Workflow relevant data
Link Workflow Engine  ZOUGA
Total working hours
Hourly rate
Total costs

Hours
50
80
130
€54
€7.020

Option 4:
Work item:
Link worklist handler  Simple app
Link simple app  Worklist relevant data
Create simple app
Total working hours
Hourly rate
Total costs

Hours
50
50
60
160
€54
€8.640

Table 19: Costs of the options to retrieve Workflow Relevant Data
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