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Executive summary 
The estimated increase in required medical care (Mans et al. 2008) has put pressure on the current 

medical processes. To decrease the pressure on the processes, the processes must be changed. One of 

the ways of analyzing and improving a process can be using process mining techniques. Process mining 

is able to use the data of the organization for a variety of purposes. It can be used to discover a process 

model, diagnosis of the conformance of an existing model to the data or the extension of the current 

model using the data (Van der Aalst et al. 2012). In healthcare the practice of re-using data is not used 

to the same extend as in industry (Mans et al. 2008, 2013). However the benefits of reusing medical 

data can lead to more efficient healthcare processes. 

Research Objective 

According to Kaymak et al. (2012): “To the best of our knowledge, for medical treatment processes we 

are currently not aware of any process mining efforts”. This means that there are currently no process 

mining studies based on medical data stored in a clinical support system from a medical treatment 

process. This study addresses this and tries both the conformance as well as the enhancement of a 

current medical process using process mining, so the formal goal is: 

 

“Analyze and improve a medical treatment process with the help of data analysis and process mining 

techniques applied on data from a clinical support system” 

 

The process mining techniques are applied to the 

weaning protocol from the MUMC+ as a case 

study. This process is used on the Intensive Care 

to discontinue mechanical ventilation on 

patients after cardiac surgery as soon as possible 

but under the right circumstances for the 

patient. The research methodology that can be 

seen in figure 1 is used. 

Relevance 

The scientific process mining domain is extended 

with a case study that shows that process mining 

is able to (automatically) generate route 

improvements for a medical treatment process. 

By medically evaluating these improvements the 

potential value of process mining on medical 

treatment processes can be shown. The medical 

domain is extended with a study that 

incorporates process mining besides already 

used methods to make a more complete analysis 

of the current situation. 

 

Figure 1: Research methodology 
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To make sure that the study has enough scientific and practical benefits the analysis questions that are  

answered in the study are verified using the healthcare stakeholders. The questions that are created are 

grouped into 3 sections. Each of these sections requires different data which is collected before the 

analysis. Besides the collection the data also needs to be cleaned, aggregated and restructured (Janssen 

2011) in order for the analysis to be carried out. The results of the three analyses are used to generate 

possible improvements for the current process. 

General process performance 

In this analysis the questions relate to the performance of the Weaning process. This section relies on 

simple data analysis techniques applied on difficult to analyze data. After the data cleaning, the results 

show that the median ventilation time is near and about 7 hours in total. This value cannot be confirmed 

nor rejected on the base of literature due to the differences in population. The medical stakeholders can 

also not validate this value because the performance has never been established before. Besides the 

actual process performance, differences between patients with differences characteristics such as 

gender and age were investigated to find differences in performance. The results showed no major 

performance differences for any of these groups. 

Data conformance 

In the second analysis the focus shifted to the criteria of the protocol that patients need to meet in 

order to continue the process. The protocol has been split up into several sections and the patient 

compliance on the various threshold criteria is analyzed. The most important question is: What 

percentage of patients is able to meet all stated threshold values of the Weaning protocol? Answer: the 

data has resulted that 49% of patients fail to meet with the criteria required for extubation. The 

percentage that have been found cannot be used for improvement so the kind of deviations have also 

been analyzed. This has resulted in several specific patient deviations on threshold values such as the 

blood pH and the PCO2 values. Insight into these specific deviations help in shaping the improvements 

options for a new protocol. 

Route conformance 

The final analysis helps in gaining insight into the actual behavior of the patients in the actual process. 

The most important question is: What percentage of patients follows the Weaning protocol route that is 

in use for the actual care treatment process? In this questions the scientific relevance of process mining 

is extended. Answer: 78% of all analyzed patients have followed the protocol that is in use for the 

process. This percentage is not helpful in creating improvements so the points on the route where the 

patients have deviated are analyzed. This resulted in several discrepancies in the routes used by the 

patients For example the patients that went from a semi-support ventilation method back towards a full 

support ventilation method using a route that is not on the current protocol. 

Improvements 

The goal of the improvements is to create a new protocol to which more patients comply. The results of 

the general performance analysis gave insight into the current behavior and shows several directions for 

protocol improvements. The groups that have been investigated did not have a performance deviation 
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but it is possible that they have route deviations. Unfortunately this could not be investigated due to the 

small dataset.  

The results from the two conformance analyses can be used for more direct process improvements. 

Tweaking several threshold values by small percentages would drastically improve the patient 

compliance of the protocol. An example of such a tweak is the change of the required pH value of the 

blood from 7,30 to 7,22 which is a change of only 1%. This improvement removes 16 errors from the 

total of 37 errors in the extubation criteria. The tweaks were medically evaluated and adjusted 

accordingly. In this case the pH value was changed to 7,25 by the stakeholders because 7,22 could lead 

to organ failures and shock when breathing without support. The value of 7,25 still decreases the 

number of errors by 9. All possible value tweaks have increased the patient compliance on the 

extubation criteria from 49% to 72%.  

The improvements that could be made on the basis of the route conformance cannot be represented in 

percentages. The data have shown that several patients use routes between activities that are not 

present in the current protocol. 4 route deviations are found and added to the current protocol and 

evaluated with the help of the stakeholders on patient impact. This discussion has shown the potential 

value of the process mining effort because the stakeholders were not aware of all routes that were 

taken by the patients.  

 

Because both the criteria as well as the routes were investigated by using the existing data, the results 

are difficult to refute by the stakeholders. Furthermore the results have, according to all stakeholders, 

shown interesting results. The testing of the impact of the improvements on the future care process is 

the most important direction for future research. When the results are positive, the concept of process 

mining is able to show new routes which will increase the level of actual care. The results of this study 

have shown that process mining is not only possible on medical practice data but that the technique is 

able to show interesting results. Off course there are hurdles in the research but by a timely reaction 

and by close collaboration with the healthcare domain, all problems could be resolved and the research 

carried out. This means that this type of research can be applied not only to more weaning processes 

but also to more healthcare processes in general. By updating a medical protocol the chance for 

obsoleteness is decreased. Weaning studies such as Ramachandran et al. (2005) have shown that using 

an up to date protocol decreases the Weaning duration of patients. By not updating the protocol the 

insight of nurses and doctors becomes more prominent which increases Weaning duration.  

 

The specific contributions of this research project are as follows:  

1. This thesis is the first to apply process mining on medical practice data to analyze specific 

patient routes through a medical treatment process. 

2. This thesis can be seen as an initial step in the automated generation of medical treatment 

process improvements using process mining techniques. 

3. This thesis has generated new insight for the medical domain on how improvements can be 

found using process mining techniques.  
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1. Introduction 
In the future a rise in demand for efficient healthcare services with a good quality is to be expected 

according to Mans et al. (2008). This increase in healthcare demand comes, first of all, from the need for 

healthcare services to increase the quality, while at the same time decreasing the costs involved. 

Second, there is the pressure from governmental and healthcare insurance companies onto hospitals to 

make sure they work in the most effective and efficient way. The rise in demand as well as the required 

efficiency comes down to changing the way of working in existing healthcare services. These changes 

range from saving costs by laying off staff to becoming more efficient by changing the involved process. 

Changing healthcare processes is however not an easy job. According to Rebuge & Ferreira (2012), 

healthcare processes are processes that are: (I) highly dynamic due to for example newly developed 

medications, (II) highly complex due to the large amount of data that play a role in medical processes,  

(III) increasingly multi-disciplinary due to the overall medical specialization and, (IV) ad hoc because 

patients might require specialized individual treatments. These factors make it difficult to improve the 

corresponding healthcare processes.  

 

According to Mans et al. (2008), the increase in multi-disciplinary services has led to the creation of 

many autonomous healthcare systems. Mans et al. (2008): “it is not known what happens in a 

healthcare process for a group of patients with the same diagnosis.” This implies that a good 

understanding of the current process situation is required. This overview of the current situation can be 

made using Business Process Management (BPM). The concept of BPM was introduced by Van der Aalst 

(2003). He stated that BPM is: “a systematic, structured approach to analyze, improve, control, and 

manage processes with the aim of improving the quality of products and services.” One of the ways of 

gaining insight in the current situation using techniques related to BPM is with the help of data. With the 

increase of healthcare technology, more data is generated and stored by a variety of systems within 

healthcare organizations (Mans et al. 2013). These medical data come for example from patients that 

are coupled to medical devices, from nurses and doctors. The data that are stored can be used by BPM 

related techniques to analyze and improve a healthcare process or service. One of the data techniques 

of BPM which is capable of this analysis is process mining.  

1.1 Process mining 
Process mining is able to use the data of the organization to gain understanding in the current behavior 

of the process. This overview of the current situation can be compared to existing protocols or 

communicated with stakeholders to show directions for improvements that can be made (Van der Aalst 

et al. 2012). These improvements should result in a more efficient healthcare process. In healthcare the 

practice of re-using data is not used to the same extend as in industry (Mans et al. 2008, 2013). The 

benefits of reusing medical data do not only lead to healthcare processes that are more efficient but 

also to more efficient healthcare in general because of the possible improvements that can be 

generated using process mining. This means that using BPM techniques in healthcare organizations is 

beneficial for both hospitals as well as for patients.  
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Process mining is a combination of data mining & process modeling on the one hand and analysis on the 

other hand (Van der Aalst et al. (2012). The goal of process mining can be described as: “to discover, 

monitor and improve real processes by extracting knowledge from event logs” (Van der Aalst 2011). This 

means that process mining can help an organizational process improvement by finding the process that 

is actually taking place. There are 3 types of process mining each with different in- and outputs (Van der 

Aalst et al. 2013) as can be seen in Figure 2. The input can either be an event log or an event log and a 

model. An event log is a sequential log of activities (an example can be found in appendix I) that has 

been performed during the process and a model is a formal representation of the process, for example 

on paper or a digital model:  

Discovery: There is no process model before the analysis 

and based on the information of the event logs a process 

model is constructed. So a model is created. 

Conformance: There is a process model of some sort 

available and the task is to compare the model extracted 

from the event log with the existing model to diagnose 

the process. 

Enhancement: The existing model is extended or 

improved with a new aspect or perspective with the data 

extracted from the event log. 

1.2 The data issue 
The overall concept of process mining is not new in healthcare organizations. Both academics and 

students have attempted to perform process mining studies in a healthcare setting. Examples are: Mans 

et al. (2008) and Van Doremalen (2012). These studies have addressed the topic of process mining but 

Boere (2013) has shown that the scope of these studies focus on other aspects like for example the 

method of applying process mining or the analysis of patient flows in the entire healthcare organization. 

This difference in scopes makes it difficult to generate specific improvements for the medical treatments 

processes. As mentioned before process mining uses the data that are collected and stored within in the 

organization (Van der Aalst et al. 2012). There are several types of medical data systems which are 

described below to present the current state of process mining research on these various medical data 

systems. 

 

The data that are required by process mining techniques can come from four different sources (Mans et 

al. 2013). Each of the data sources has differences in abstraction, accuracy, granulation, directness and 

correctness. First of all there are the Administrative systems. These systems register the services that 

have been delivered to the patients. This registration serves for the billing towards the insurance 

companies. The database goal (billing purposes) makes it sufficient for the data to be recorded on a day 

to day basis. An example of such administrational process mining study is the study by Mans et al. 

(2008). This study shows the behavior and treatment of a patient with a particular illness during the 

patient’s stay in the hospital.  

 

Figure 2: Various process mining types 
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The second type is the Clinical support system. The goal of these systems is to support the processes of 

specialized departments such as an intensive care unit (ICU) (Mans et al. 2013). The time information of 

the tasks in this database is more detailed than in the administrative databases. This is because some of 

the support tasks are repetitive. Separating them from each other requires more detailed time 

information which needs to be registered.  

 

The third type of database is the Healthcare logistics system. These types of systems are different from 

the other systems in the sense that these systems support the logistics. This means that the data is 

about appointments and service requests for example. The data entries in the system have well defined 

time stamps but are not usable for medical process improvements. This is because no process related 

information is stored in these systems.  

 

The final category of systems is data that comes from Medical devices. This is the data that is 

automatically stored by the medical devices. The goal is to record information for the manufacturer of 

the medical device. This is not a form of process related data and therefore not used for process mining 

research. 

 

Looking at the studies that have been performed in context of the previously named database structures 

Mans et al. (2013) and Boere (2013) have both concluded that only the administrational systems in 

combination with the healthcare logistics systems are used in existing process mining studies. This is 

strange in the sense that using these databases results in several problems (Mans et al. 2008, Mans et 

al. 2013). The most important problem is the availability of detailed execution times of the various 

activities. Without this information, no detailed process information can be gathered which results in a 

less detailed overview of the current process state. The other database types are not used according to 

Kaymak et al. (2012): “To the best of our knowledge, for medical treatment processes we are currently 

not aware of any process mining efforts”. This means that there are no process mining studies based on 

clinical support systems and medical devices. Even so this data can be highly valuable for detailed 

analyses on medical treatment processes.  

1.3 Research objective 
As concluded by Kaymak et al. (2012), there are currently no process mining studies that make use of 

the clinical support databases even though the possible benefits of such a study would be extensive. For 

example the level of detail of the analysis. This is the reason that this research is initiated. The benefits 

of using a clinical support database for process mining overcomes the problems sketched by Mans et al. 

(2008) and Mans et al. (2013) such as missing detailed time information. When analyzing a process, 

detailed information is essential for gathering a highly detailed overview of the process. 

 

In this research the medical data, stored in a clinical support system is used as subject of the process 

mining research. The contents of these databases should make process mining possible on a more 

detailed level as compared to the other data systems. This is because clinical support systems show the 

detailed execution times of activities as well as more details which can be used in the analysis. This 

effort should result in a more accurate process state with a corresponding performance.  
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The current behavior of the process can be used to improve the process by adding new patient routes 

for example. This effort makes it possible for the healthcare domain to benefit from the initiated 

research. Because of the potential process improvements for the healthcare domain, this research also 

has a healthcare related research goal. The goal of this research is therefore twofold:  

 

“Analyze and improve a medical treatment process with the help of data analysis and process mining 

techniques applied on data from a clinical support system” 

 

The practical benefit for the healthcare domain is the insight into the current performance as well as the 

medical improvements that will be found during this research.  

1.4 Scientific relevance 
It has to be made sure that no initiatives either process mining or healthcare related already make use 

of medical data for their process route improvements, because that would mean a loss in scientific 

relevance. This loss would come from the fact that this study would be a mere copy of existing work. 

Looking at the process mining related research section 1.2, it can be concluded this research is new in 

the sense of the application on a medical treatment process and that there are currently no research 

initiatives that use medical data as basis for process mining (Kaymak et al. 2012).  

 

Looking at the medical literature several initiatives of data related process improvements can be found. 

However when looking more deeply into the contents of these studies (abstracts), all these studies differ 

from the one initiated in this research. An overview of the method used to find the studies can be found 

in appendix XXI. 

 Studies that use simulation to improve a process (e.g. Feyrer et al. 2006) 

 Studies that use process mining on administrative data (e.g. Mans et al. 2008).  

 Studies that use statistical data for process improvement (e.g. Duncan & Haigh 2013) 

 Studies that are about improving the entire patient care flow, this means the process from entry 

to discharge. These studies do not focus on protocols or detailed processes.(e.g. Dhar et al. 

2011) 

 Studies that use data for process improvements, but these data are benchmark data from other 

healthcare organizations (e.g. Hill & Workman 2006) 

 Studies that analyze a medical protocol using data related techniques such as statistics (e.g. 

Hommersom et al. 2007) 

 Studies that use fuzzy logic to make decisions concerning patients, but do not look for process 

improvements (e.g. Hazelzet 2009) 

 Studies that use business intelligence techniques to improve a medical treatment process. This 

study applied data conformance techniques to improve the protocol. (Roberts et al. 2012) 

 

Looking at the list it can be concluded that a variety of data related healthcare process improvements 

exists. Because of the lack of medical knowledge of the researcher combined with the acquired medical 

improvement initiatives, it is concluded that currently no studies exists which improves a medical 

treatment process using process mining techniques applied on clinical data.  
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This study enhances process mining research with a study that uses process mining techniques to show 

that (automatic) generation of patient route improvements options for a medical care process is 

possible. These improvements are then analyzed on feasibility using the medical stakeholders to show 

the potential value of the process mining effort on medical processes using clinical support data. Future 

studies should then examine the actual results of the possible improvements. Doing so, the entire field 

of process mining in healthcare should benefit from the research.  

 

On the other hand, the research is about analyzing and improving a medical treatment process. This is, 

in itself, not new looking at the studies presented earlier but none of the works used process mining to 

analyze patient routes in a medical care process. The knowledge of healthcare will be upgraded with a 

business process related approach of thoroughly analyzing a healthcare process with both data analysis 

and process mining techniques applied on clinical data. The combination of data analysis and process 

mining techniques makes sure that the process is thoroughly analyzed. The data analysis and data 

conformance sections are scientifically not new but are relevant in the sense that they can deliver 

valuable outcomes for both performance and process improvements. Furthermore it contributes to the 

practical relevance of this research. The research itself will be done using a case study. More details of 

this case study are presented in section 1.5. Overall it can be concluded that this research contributes to 

both the process mining as well as to the medical domain. 

1.5 Case study 
To apply the process mining techniques a case study is required. The location for this research is the 

Maastricht University Medical Centre+ (MUMC+) in the Netherlands. This hospital is associated with to 

the University of Maastricht. This location is chosen because the TU/e and MUMC+ have agreed to 

enrich their collaboration in the form of research. This research is an example of this collaboration 

because of the knowledge interaction between the two domains. The hospital itself has 715 beds and 

near and about 30.000 recordings per year1
 in 2011. Of course the hospital has a large variety of 

processes and departments. Choosing a department was the first challenge in the research.  

 

Within the hospital there are three intensive care units (ICU) labeled D3, E3 and F3. Patients come here 

to recover from specific operations that they have endured as well as for intensive care. The choice for 

this department was made because within the ICU a lot of regulation is required for the actual care. This 

means that the processes on the ICU are highly documented and standardized (Kompanje 2006). This 

means that flowchart protocols are available for the processes that exist in the ICU.  

 

One of the processes in the ICU is the Weaning protocol which helps in discontinuing a patient from the 

mechanical ventilation. The Weaning protocol has two different versions. One for patients which receive 

mechanical ventilation for less than 72 hours and a one for patients which have more than 72 hours of 

mechanical ventilation. Because the short version is easy to understand and has data that can be more 

easily collected it is selected for this research. According to the medical stakeholders the F3 department 

is used for the short-recovery patients.  

                                                           
1
 Retrieved from www.azm.nl 
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This department has therefore the most <72 hours ventilation duration patients and according to the 

stakeholders a higher data entry frequency. Because of the sketched advantages (the number of 

patients and the more detailed treatment information) the F3 department short process Weaning 

process is investigated in this research. 

 

A reason for the hospital to engage in this research is the article by Epstein & Walkley (2013) which 

states that: “weaning protocols must be tailored to the patient population to which they will be applied.” 

This means that patients with different complications should have a different version of the protocol. 

Currently there is only one protocol for the entire spectrum of complications and this research could be 

used to analyze the possible requirements for different patient’s protocols. More information about the 

Weaning protocol can be found in section 2.4. 

 

Looking at Figure 2 and the types of process mining, the conformance checking is the basis for this 

research. This is because a process is available in practice and on paper and the goal is to match the data 

of the healthcare process to the process that exists to create a diagnosis. The enhancement type is used 

after the conformance checking to improve the current model. The method that is used for the 

conformance and enhancement is explained in section 2.1.  

1.6 Thesis outline 
The research is build up in the following way. In the second chapter the preliminaries are presented 

which introduce the main topics of this study. In the 

third chapter the methodology which has been used 

in this study is described. The overview of the next 

chapters can be schematically seen in Figure 3. 

More information about the content of the figure is 

presented in chapter 3. Chapter 4 will introduce the 

analysis questions and the data collection is 

described in chapter 5. The actual analysis is split up 

into three separate chapters. Chapter 6 examines 

the basic performance of the Weaning process, 

chapter 7 investigates the differences between the 

available data and the data requirements in the 

protocol. Chapter 8 is about the differences of the 

patient routes in the data and  the model. The 

results of chapters 6, 7 and 8 are used to define 

improvements which can be seen in chapter 9. The 

results are medically evaluated in chapter 10 along 

with a discussion regarding the results and available 

literature. Finally the research is concluded in 

chapter 11 along with the limitations, directions for 

future work and an overall reflection.  
Figure 3: Thesis outline 
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2.  Preliminaries 
This chapter introduces the broad topics that are used in this study. There are the concepts of Business 

Process Management and Process Mining. After this topic introduction, the Weaning protocol and the 

Patient Data Management System are described. 

2.1 Business process management 
The concept of Business Process 

Management (BPM) was as mentioned 

in the introduction introduced by Van 

de Aalst (2003). He stated that BPM is: 

“a systematic, structured approach to 

analyze, improve, control, and manage 

processes with the aim of improving 

the quality of products and services.”  

This definition is captured in the BPM life cycle which is displayed in Figure 4. Each of the various phases 

can help an organization in achieving the goal set by Van der Aalst (2003). In this research the concept of 

process mining is used. According to Van der Aalst (2003) this technique is placed in the discovery, 

diagnosis and control phases of the BPM life cycle. This means that the technique serves different 

purposes. In this study the diagnosis is mainly used. This is because a process already exists and 

therefore does not need to be discovered anymore. The control phase is about the execution of the 

process that requires improvements. To accomplish this, a thorough diagnosis of the current process is 

required first.  

2.2 Process mining method 
The concept of process mining is already explained in section 1.1. Each of the various process mining 

types refers to one of the stages in the life cycle of BPM of figure 4. Discovery equals discovery, 

diagnosis is the result of conformance checking and enhancement can be used for the control phase. To 

use process mining a scientific method is needed for two reasons. First of all it makes sure that the 

researcher bases his or her work on some proven academic method and therefore is not making one up. 

Second, it provides a backbone of the specific activities that have to be performed in order for the 

research to be completed correctly. In this study, the method of Bozkaya et al. (2009) will serve as the 

overall method for the process mining research. This is because this method is used by other 

researchers such as Rebuge & Ferreira (2012). An overview of the method can be found in Figure 5. As 

can be seen in Figure 

5, the method consists 

of several phases. The 

corresponding phases 

are discussed in the 

next sections. 
Figure 5: Process mining 
methodology of Bozkaya 
et al. (2009) 

Figure 4: BPM life cycle (Van der Aalst 2007) 
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Log Preparation 

The first step of the methodology by Bozkaya et al. (2009) is the log preparation. In this step the aim is 

to prepare the available data in such a way that it can easily be used for the next step as well as for the 

actual process mining. The steps that are required to transform the data to a usable event log relies 

more on the intuition and process knowledge of the researcher than on a predefined method. Examples 

of activities are the renaming and aggregation of events (Janssen 2011). According to Mans et al. (2009) 

there is not much literature related to a good transformation of the data into usable event logs. 

Therefore the actual event log will be based on examples of log files (Table 19), the work of Janssen 

(2011) as well as on the intuition of the researcher.  

Log inspection 

After the log preparation has been completed, the next step of the methodology is to do a first 

inspection on the log. This means that the researcher needs to get himself familiarized with the content 

of the log. According to the methodology this includes gathering basic statistics of the log such the total 

number of events in the log, the average number of activities per case with their minimum and 

maximum values and the number of occurrences of specific activities. The overview of the statistics 

alongside with the inspection of the log helps the researcher in filtering the log down. The enhanced 

event filter which can be used excludes incomplete cases and weird logs for example according to 

Janssen (2011). 

Control flow analysis 

With a complete and usable log the next step is the actual process mining effort. This is split into two 

tracks by Bozkaya et al. (2009). On the one hand there is the control flow analysis which is the actual 

answering of the question: “how does the process actually look like”. (Control flow means the ordering 

of activities, Van der Aalst et al 2012). On the other hand there is the role analysis which answers the 

question: “which persons are involved in what processes.” The actual deliverables of the control flow 

analysis are very strait forward. However Mans et al. (2009) has concluded that a lot of effort will be 

required in the previous steps to actually acquire the required good log file.  

 

The literature study by Boere (2013) has shown that the most used process mining algorithm in a 

healthcare environment is the heuristics miner plug in. This algorithm is able to deal with noise and has 

shown the best potential for healthcare studies by showing understandable and usable results (Janssen 

2011). However when required, a different miner such as the fuzzy miner can be considered as well. It is 

not known whether the heuristic miner is capable of the required analysis in this study because of the 

discrepancy analysis and the nature of the clinical database. 

Performance analysis 

In this step the performance of the process is determined. A performance analysis of only a handful of 

patients can never be representative for the entire dataset. This analysis results in the performance of 

the process. This is for example the time period that certain sub-processes take within the process. It 

can also show differences in performance for various groups of patients. 
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Role analysis 

As mentioned before the second track of analysis is of a different kind. In this analysis the roles and 

employee involvement on the process can be determined. This type of analysis is not used in this 

research because of the comments by the stakeholders. The results show differences in performance 

between various nurses which is, according to the stakeholders, undesirable.  

Transfer results 

The final step in the methodology of Bozkaya et al. (2009) is the transfer of the results. Until this 

moment the results only have been examined by the researcher. Of course the results should also be 

presented to the healthcare domain experts. This is a form of validation that makes sure that the results 

from the analysis as well as the process model mirror the execution of the process in real life. An option 

could be to deliver the results as they were created. The literature study by Boere (2013) shows that this 

will certainly result in unread-ability by all involved parties. The most important issue when transferring 

the results is to make sure that the domain experts know the basics of process reading. This, alongside 

with the model related factors (Reijers 2011), should make sure that the results are readable by all 

involved stakeholders. According to Janssen (2011) the heuristic miner already produces understandable 

and readable results which is useful in this step. Besides that, the original protocol is constructed in a 

process model way so the process stakeholders already have some process model reading knowledge 

which makes the transfer more easy. 

2.3 Weaning protocol 
Not every patient on the ICU requires the same care when recovering from an operation of some sort. 

To be able to deploy the techniques of process mining a process had to be chosen that applies to nearly 

all patients of the ICU department. One of such processes is the Weaning process. The two different 

versions (<72 hours ventilation and > 72 hours ventilation) of the process differ is the nature of trial and 

error. The longer a patient receives mechanical ventilation, the more careful the process should be 

continued. For this research the short version of the process is selected. First of all this process applies 

to more patients and it is a short process. This means that when no data is available it can be collected 

manually more easily.  

 

The mechanical ventilation process is initiated when a patient is not able to provide enough oxygen for 

the body. The process of oxygen supply is taken over by a mechanical ventilator. This machine provides 

the oxygen support and CO2 values during periods in which the patient is not self-sufficient. The 

Weaning process starts when the patient is connected to the ventilation machine and breathes with a 

tube. The name of this overall oxygen support is BIPAP (Bi-level Positive Airway Pressure). This means 

that the patient is fully supported by the mechanical ventilator and 100% dependable on the ventilator. 

When a patient arrives at the ICU, a target of the department is to discontinue the mechanical 

ventilating as soon as possible. This is because the longer the patient is coupled to the mechanical 

ventilator, the higher the patient’s risks  and economic consequences (Ely et al. 1996).  

 

Of course the mechanical ventilator cannot be simply decoupled. Therefore the Weaning protocol has 

been developed to make sure that the decoupling is done under the right circumstances for the patient. 
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The protocol itself is basically a process description. The Weaning process of the MUMC+ is based on the 

guidelines by Van Leeuwen (2003). In Figure 6 an overview of the flowchart can be seen of the MUMC+ 

Weaning protocol. The main task of the nurses is to check for a specific set of pre-determined values 

(Note A), for example GCS (Glasgow Coma Scale) and a stable blood pressure. When a patient is brought 

to the ICU it is very unlikely that a patient is able to meet all threshold values. During the stay of the 

patient in the ICU with or without the use of specific medicines the right values can be met. When the 

values are met by the patient and a breathing trigger is given by the patient, the patient can go to the 

next state which is a different form of mechanical ventilating which depends more on the patient doing 

the work instead of the machine.  

 

This breathing method is called ASB (Assisted Spontaneous Breathing). In this ventilation method the 

patient delivers a breathing pressure and the ventilator machine responds with oxygen and extra 

pressure to unload the ventilator attempt of the patient. Again, after some time specific values need to 

be checked by the nurses and met by a patient to have their breathing tube removed (Note C). Before 

the actual remove, the patient must remain stable (Note B) for a period of 30 minutes to make sure that 

the patient has the capability to breathe on his own again. When this uncoupling is performed, the 

process is finished and the patient breathes without support. During the process it can happen that 

patient needs to go back from the ASB ventilation to the BIPAP ventilation. This is the reason for the 

loops back that can be seen in the protocol. The un-translated Dutch representation of the protocol can 

be found in appendix II. 

2.4 Patient data management system 
The automatically stored patient data as well as actions performed on the patients during the Weaning 

protocol are stored in the database systems of the MUMC. In the MUMC several information systems 

are present for the processes. Within the MUMC the leading system is the SAP system. However the SAP 

system as a whole is not really configured for the large amount of medical records that are required in 

the ICU. Therefore the ICU has a patient data management system (PDMS). A PDMS is a system that 

helps in saving and representing the medical data of the patients in the department. The data 

representation must be done in a structured manner in order for the nurses to establish the conditions 

of the patients quickly. A PDMS assists in showing the appropriate patient data at the appropriate time. 

It is a sort of data warehouse which contains data of all treatments of all patients (Fretschner et al. 

2001). 

 

The system that is currently in use on the ICU is the Intellispace Critical Care and Anesthesia (ICCA) 

system by Philips. Each bed of the ICU department is coupled to the ICCA system. Doing so, all data 

generated by the patients can easily be saved in the system and visualized on a monitor besides the bed. 

The saving of data is on the one hand automatic but also manual on the other hand. Because of the 

coupling of the machines to the ICCA system, patient data that are recorded by the ventilator machine 

are automatically registered but only saved when a nurse presses the save button. This is to make sure 

that the data is saved on fixed time intervals. According to the medical stakeholders this should be done 

each 30 minutes on the F3 department. The data that are entered are for example the settings of the 

ventilation machine and the blood pressure of the patient.  
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When a change in a critical values or the change in type of ventilating method, a nurse can also manually 

enter the corresponding data of the patient on specific times. This data is for example the specific time 

change of the ventilation method from BIPAP to ASB. The analyses that are made in this research are 

based on the medical data that comes from the ICCA system. More information about the extracted 

data from the PDMS can be found in chapter 5. 

 

The data that are collected during this research only comes from the F3 department. This is because the 

treatment of the patients on the D3 and E3 departments is different. Therefore, even when the number 

of patients is limited, no other department data will be added because that would contaminate the 

results of the analysis.  

 

 

Figure 6: Original Weaning protocol 
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3. Methodology 
This chapter introduces the methodology that is used for this research. This methodology has several 

research questions as foundation. When the research questions have been introduced, all subsequent 

phases of the methodology are explained.  

3.1 Research questions 
The goal that has been set in the previous section: “Analyze and improve a medical treatment process 

with the help of data analysis and process mining techniques applied on data from a clinical support 

system”, cannot be completed without dividing it in several smaller subsections. These subsections will 

make up the entire analysis and combining them will result in achieving the stated research goal:  

1. Which process related questions are deemed the most interesting for analysis? 

The medical database that is used for the research contains lots of patient related data. Just 

starting with an analysis could result in an unusable result. Therefore the domain experts and the 

researcher need to find an agreement in the analyses that will be made. This is to make sure that 

both the researcher as well as the hospital receives benefits from the research. 

2. Which data are required to provide the answer to the given questions? 

The next step is to acquire the necessary data for the required analysis. The techniques that will be 

used have data requirements and they should be met before continuing with the actual analysis. 

3. Are the required data available in the clinical support system? 

a. If not, can they be manually collected or transformed? 

b. If not, what should be done to be able to acquire these required data? 

Analyzing the required data can deliver three outcomes. The first is the case where all required data 

are available. The second case is where the data are not fully available but the domain experts have 

reported that they can be easily acquired by hand. Finally, when none of the required data can be 

extracted, it has to be solved for future research. The answer should provide the necessary steps 

that need to be undertaken to acquire all required data. 

4. Which analysis techniques can be used on the data? 

When the data are made available in either way, the next step is to actually perform the required 

analysis. Within process mining, multiple techniques are available which can be applied. This 

question will reveal the technique that can be used to provide the best answer. 

5. What are the results of the analysis that has been performed? 

This question makes sure that the results are presented in such a way that they are scientifically 

valid and can be interpreted by all stakeholders. 

6. Do the results match with the MUMC Weaning protocol? 

This question compares the results of the analyses with the existing Weaning protocol to find 

discrepancies. When the results show that there are differences between the data and the protocol 

they can be used to find ways of removing the differences. 

7. Using the results of the analyses, can the Weaning protocol be improved? 

The difference between the protocol and the analyses results are examined and improvements 

need to be found accordingly. 



13 

3.2 Research Design 
With the help of the research questions the methodology for this research is developed and an overview 

of this methodology can be seen in Figure 7. All phases of the methodology are explained in the next 

sections.  

3.2.1 Analysis questions 

Starting in the top of Figure 7, the first step is called 

analysis questions. This step in the methodology is 

based on the first research question: 

  Which process related analysis is deemed the most 

interesting for research? 

Not all analyses are considered relevant for research. 

This is because of the healthcare input that is required 

for this research. To make sure that both researcher as 

well as the healthcare domain benefit from the 

research, a list of interesting analyses will be made 

first for each of the various sections. An example list of 

sample questions which is created by the researcher 

for the analyses could be: 

 How long does a patient receive mechanical 

ventilating on average? (General performance) 

 Does the process differ for male and female 

patients and for young and old patients? (General 

performance) 

 Are there any route deviations from the protocol? (route conformance) 

 What is the probability that the next patient undergoes the regular treatment pattern? (data 

conformance) 

The total list of questions (not shown here) is created with the analyses techniques in mind. The list of 

questions is then discussed with the domain experts. Because of the input of the domain experts, the 

questions they deem the most useful, will be placed on top of the question list.  

3.2.2 Data collection 

The next step is to commence with the actual research using the analysis question list. Before using the 

appropriate technique the next question should be posed: 

Which data are required to provide the answer to the given questions? 

Each type of question from the analysis list requires different data and that is essential before starting 

the data collection. It has to be determined whether all relevant data are available to answer the posed 

question. The next step is to collect the data necessary in answering the question. The required data for 

research comes from the clinical support system (PDMS).  

 

The required data need to be extracted and analyzed in the next steps. The next step is to check 

whether these data are sufficient for answering the analysis question.  

Figure 7: Research methodology 

List of analysis 

questions

Data collection

General 

performance

Data 

conformance

Analysis 

Results

Route 

conformance

Protocol 

improvements

3.2.1

3.2.2

3.2.3 3.2.4 3.2.5

3.2.6

Evaluation 3.2.8

3.2.7



14 

The data analysis that is done during this stage is essential for the next step in the research. The goal of 

the analysis is to check whether the required data for the research is available at the ICU department. 

Three different questions can be posed that can answer the data analysis that has been done: 

Are the required data available in the data systems? 

If not, can they be manually collected or transformed? 

If not, what should be done to be able to acquire these required data? 

Each question refers to a different research outcome. Each of the outcomes will be discussed below. 

Available data 

The first option that is considered has all required data available. The next step is to continue with the 

actual analysis to answer the questions.   

Semi-available data 

In the second option a usable data file will be manually created using the data from the PDMS and the 

process model of the Weaning protocol of appendix II. The number of cases will unfortunately be 

significantly lower in this case.  

No available data 

The final option that is considered is the case where the data analysis has resulted in an inability to 

answer the question. The power of the mining research cannot be shown but by analyzing the data in 

the PDMS, recommendations can be made to the IT department on how the system settings can be 

optimized to provide an answer to the questions that were posed. The data that will be available for 

future process mining studies will definitely be of the required quality for a full and complete mining 

analysis.  

3.2.3 General performance 

The general performance analysis is done to gain a general understanding of the overall process and 

specific group differences in performance. This is done because of three reasons: 

1. It helps the researcher in getting acquainted in the research itself as well as in the nature of the 

data. The types of analyses that are made in this analysis are fairly straightforward and require less 

understanding of different process mining related techniques.  

2. To provide a basic, but relevant insight in how the process is currently performing. According to the 

medical stakeholders there are currently no performance criteria of any sort used or even known 

for the Weaning protocol.  

3. The results show general process behavior of the Weaning process and these results can help shape 

the research for the next analyses. When interesting things are discovered in the general 

performance analysis they can be added to other analyses to be further investigated.  

3.2.4 Data conformance 

The questions that relate to this type of analysis focus on the patient requirements that must be met by 

all patients to continue to other phases in the Weaning process.  
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3.2.5 Route conformance 

The questions that relate to this type of analysis focus on the patient routes within the process and their 

differences as compared to the original protocol. This section is the main contribution to the process 

mining domain. Both conformance analyses focus on one main question: 

Are there results that do not match with the existing Weaning protocol? 

3.2.6 Analysis results 

The next step is to present an overview of the results that have been acquired:   

What are the results of the analysis that has been performed? 

In this phase the goal is to create an overview of the acquired results. An important issue that needs to 

be addressed is to make sure that the results that have been produced using the various techniques can 

be read and understood by all involved parties. Furthermore they are validated by the domain experts 

such that they make sense. The results of this research should provide a direction in how the actual 

Weaning protocol can and should be improved. 

3.2.7 Protocol improvements 

In this step the focus changes from conformance checking towards model enhancement. The following 

question is used as a base for the protocol redesign: 

Using the results of the analyses, can the Weaning protocol be improved? 

The directions of improvement can be in any direction. It can be an IT recommendation, a difference for 

a specific group of patients or even a complete protocol change. It is expected that the performance 

analysis cannot be used for direct process improvements. 

 

The analysis of the data conformance will show deviations of patients on the content of the criteria. The 

number of deviations is re-calculated for newly proposed threshold values resulting in a higher patient 

compliance. The second section of improvements is for the actual route changes in the protocol. When 

the process mining results point towards specific patient routes that are taken by patients but are not 

described in the protocol these routes are added.  

3.2.8 Evaluation 

The researcher cannot judge the proposed changes on a medical level and therefore they must be 

evaluated by the medical stakeholders. The overall goal of the improvements is to make sure that the 

number of patients that complies with the protocol increases as compared to the original protocol. this 

means that the feasibility of the generated improvements is tested. 
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4. List of analysis questions 
The first step of this methodology according to Figure 7 is to create the list of analysis questions. The 

research has three different types of analysis and each of the analyses requires different questions. Each 

of the following sections elaborates on the different analyses in the various sections. Before that, the 

method of creating the list is briefly discussed. 

4.1 List composition 
The list of analysis question that is used for the research has to be valid from both a process mining as 

well as from a medical perspective. The process mining validity makes sure that the scientific level of 

questions is high enough and the medical validity makes sure that interesting medical results can be 

found. The list of questions has therefore been created using two evaluation sessions. In the first session 

the questions were created and ranked with the different analysis techniques in mind using intuition 

from the researcher, supervisor and related medical literature. In this stage the list was made up of 

questions for all three analysis steps. This list was then extended and validated on medical relevance by 

the 2 medical specialists. The two validity steps made sure that the scientific relevance was not lost and 

that both domains would gain benefit from the research. When a questions was not deemed interesting 

it was removed from the list. The total list contains 9 questions that are answered in the three different 

analyses. 

4.2 General performance  
The analyses that are made in the general performance analysis are divided into two sections. The first 

section is for the averages of key characteristics of the Weaning protocol:  

Question 1: How long does a patient need, on average, to be extubated? 

Question 2: How long does a patient , on average, stay in the BIPAP and ASB phase? 

Furthermore the healthcare domain stakeholders were also interested in the average time a patient 

needed to meet the 36°C threshold value. 

Question 3: How long does it take for the patient to reach 36°C? 

The second step in the analyses is to analyze the differences in performance between various patient 

groups. 

Question 4: Are there any performance differences between different groups of patients? 

The patient groups are created by the basic characteristics of the patients: sex, length, weight, and age. 

Furthermore the time to meet the 36°C threshold value is also used as a group. The differences in the 

groups on the BIPAP, ASB, total ventilating time and the time to reach 36°C are investigated to search 

for possible differences. In the final analysis, the simple groups are combined to create combinations. An 

example of such a group is the old_male group. The analysis is performed for both types of groups 

differently to find out differences within them and to see if the results can be used as indications for the 

protocol redesign. 

4.3 Data conformance  
The data conformance analyzes the untransformed data. As can be seen in the Weaning flowchart in 

appendix II the process consists of many checks that have to be passed in order for the process to 

continue: 



17 

Question 5: Are the pre-determined values of the Weaning protocol achieved for all patients in both 

the BIPAP (5a) and extubation criteria (5b)? 

It could be possible that a majority of patient never meets a certain value but that they are still 

successfully extubated. It is important to check which of the stated values are not achieved the patients 

because this can show directions for the protocol improvements. The criteria check should help to 

confirm medical literature by Epstein et al. (2013b). In this article the following claim is made: “Up to 

30% of patients who never satisfy such criteria can be successfully weaned”.  

 

When a patient has met all criteria to be extubated the patients’ needs to remain stable for at least 30 

minutes. Factors such as heartbeat are not allowed to fluctuate with high percentages.  

Question 6: How many errors occur in the 30 minute stability? 

The final interesting matter within the protocol is the Spontaneous Breathing Trial (SBT). This test helps 

the nurses in determining whether a patient can continue into the ASB ventilation phase. The test itself 

is merely a change on the mechanical ventilating machine and an objective observation in the reaction 

of the patient (Epstein 2013b). A negative reaction will lead to changing the machine setting to the 

BIPAP setting whereas a positive reaction will lead to the continuing of the ASB phase and the rest of the 

Weaning protocol. When a patient fails the SBT or when a patient need to be re-intubated within 48 

hours after extubation this is called a Weaning failure (Heunks 2010).  

Question 7: How many Weaning failures occur in the process? 

4.4 Route conformance  
In the route conformance analyses the route of the patients are subject of research. This means that the 

most important conformance question is: 

Question 8: What percentage of patients follows the Weaning route as displayed in the flowchart?” 

Question 8a:  At which point(s) do the deviations occur in the process” 

The difficulty in this phase is to determine how many changes actually occurred and even more 

important why and where these changes have occurred. When the overall process and the deviations 

are discovered using the process mining techniques a follow-up can be made with a filter based on the 

patient groups of section 4.1. This filtering could lead to different flows for different groups.  

 

Finally in a discussion with the specialists, several patient groups that could have different weaning 

processes were added to the research.  These groups are therefore medical based:  

Question 9: Do any patient characteristics have different weaning process or performance? 

The first of these groups are patients who suffer from COPD (Chronic Obstructive Pulmonary Disease). 

This is a chronic incurable lung disease which makes patients more difficult to extubated (Heunks 2010). 

The second medical group is for patients who lose a lot of blood. When a patient is bleeding severely 

this is indicated by the use of two medicines to stop this bleeding (tranexamic acid and desmopressin) 

and this could be an indication for prolonged ventilation. The final medical group that could influence 

the process is the liquid balance of a patient. When a patient gains a lot of liquid without losing some 

this could indicate a patient which has difficulties in recovering. Therefore a high positive balance could 

help in indicating stay time and weaning errors. The results of these groups help in validating the 

hypothesis set by the experts and could show different performance or processes per group.  
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5. Data collection 
With the analysis questions made in chapter 4, the next step of the methodology of Figure 7 is to collect 

the data for the various analyses. This chapter elaborates on the data collection that has been done for 

the three different analyses. Besides the actual collection, the preparation of the data for the analysis is 

also presented in this chapter. 

5.1 Dataset overview 
The data collection for the three analyses has resulted in three different datasets. Each database has 

both advantages and disadvantages. The datasets that are used for the data- and route conformance are 

nearly the same, the main difference is the translation from data to event log that has been performed 

for the route conformance dataset. This section helps in showing the most important differences 

between the databases. An overview of the most important differences can be seen in Table 1. 

 
General performance Data conformance Route conformance 

Nr of patients 617 65 65 

Nr of patient characteristics Few High High 

Inter-log time 2 hours 30 minutes <30 minutes 

Detailed start & end time No Yes Yes 

Specific event times No Yes Yes 

Outliers Yes No No 

Out of scope patients Yes No No 

Data cleaning No No Yes 

Event-like structure No No Yes 

Reliability Medium High Medium 

Assumptions for analysis Few None Substantial 
Table 1: Differences in databases 

The number of Patients. Because of the automatic collection of the general performance database and 

manual collection of the data conformance database the difference is substantial. This means that the 

results for the conformance databases are more difficult to generalize due to the limited number of 

patients.  

Number of patient characteristics. The number of patient characteristics was low in the general 

performance dataset. This influenced the results in the sense that some patients needed to be filtered 

out which showed strange result even though they had interesting behavior for this research. 

Inter-log time. The time between the data entries is a lot higher in the general performance database as 

compared to the other databases. This results in a less accurate analysis for the general performance. 

This implies that the behavior of the patients over time such as heartbeat and breathing frequency are 

impossible to establish in the general performance dataset. The time in the route conformance is lower 

than for the data conformance because several actions are added to the database.  

Detailed start & end time. The general performance database does not have any detailed end time 

information because this data were not extracted. This hurts the accuracy of the analysis, because the 

end time of the patient can, due to the 2 hours save time, be as high as 2 hours to as short as 1 minute 

after the final data entry. It has been opted to choose the safe way of 2 hours, but because of the lack of 

this information, the end time is very difficult to examine in the general performance database. 
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Specific event times. Besides the average data entry each time interval, the data- and route 

conformance datasets also have specified time entries for specific key activities such as change in 

ventilation method and blood test results. These entries are not a mandatory but are done in some 

occasions which increases the detail of the results for both conformance datasets. 

Outliers/noise. The dataset for the general performance has been manually coupled from various data 

queries. This has resulted in a dataset with a large number of outliers regarding both temperature and 

ventilation as well as noise regarding wrong data entries such as length in cm instead of meters. An 

overview of the boxplots showing the noise of the old dataset can be seen in the results of the analysis 

of the general performance analysis is shown in appendix III. As can be seen there are several outliers 

for the different variables. This implies that besides the mean performance also the median must be 

calculated because it can ‘compensate’ for these outliers. 

Out of scope patients. The general performance dataset also incorporated patients outside the scope of 

this research (<72 hours weaning ventilation). Therefore the database needs to be filtered first to come 

up with the usable population. 

Data cleaning. The analysis of the route conformance require that data cleaning should be applied on 

the data. This is in line with the best practices found by Janssen (2011) which required the renaming and 

aggregation of the event log to create a usable dataset. No data cleaning was required on the other 

datasets. 

Event-like structure. The assumptions and transformation that are applied on the route conformance 

database make sure that the database is constructed in an event like structure. None of the other 

databases required a transformations towards an event log. 

Reliability. These assumptions on the route conformance dataset do hurt the reliability. The 

assumptions are created in the best possible way which ensures a medium reliability. Due to the missing 

of detailed data the general performance dataset is also less reliable than the data conformance 

database which is used in the acquired form. 

Assumptions for analysis.  The reliability is influenced by the number of assumptions. The general 

performance dataset required a small number of assumptions (end time for example) whereas the route 

conformance required a substantial number of assumptions such as the specific times of ASB decreases 

and the existence of activities. 

Analysis Dataset 1 Dataset 2 Dataset 3 

General performance X  (X) 

Data conformance  X  

Route conformance   X 
Table 2: Usability of databases for analyses 

Overall it can be seen that there are quite some difference between the databases. In Table 2 the 

usability of the three databases can be seen. The general performance database cannot be used for the 

second and third analysis because detailed over time information is missing and the high inter-log time. 

The data conformance database cannot be used for the first analysis because of the missing 

performance parameters. The route conformance database can help to confirm the results that are 

found in the general performance analysis because the same information is available but in a smaller 

format. Furthermore Table 3 shows that within the patient characteristics not much difference exists 

between the databases. 
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 average median range low range high 

Length 1 172,31 172 145 201 

Length 2+3 172,19 173 150 190 

Age 1 67,47 68,79 23 94 

Age 2+3 67,88 70 41 86 

Weight 1 81,15 80 40 133 

Weight 2+3 79,14 78,5 50 115 
Table 3: Patient characteristics overview in datasets 

5.2 General performance  
The data that is required to answer the questions related to the general performance analysis should 

show ventilation times, basic patient characteristics and temperature information. 

Data collection 

The required data should be extracted from the current PDMS system; ICCA that has been described in 

section 2.5. In a discussion with the IT specialist of the IT department it was reported that the data of 

the system could not be extracted until May 2013. Therefore the data of the ICU system that was in use 

before the ICCA system is used for this analysis. The choice to use this data could be made because a key 

assumption was confirmed by the stakeholders; the data from the old ICU system was stored for a 

process that is generally the same as the current Weaning protocol. The timespan that is selected is 

from 2009 until the introduction of the new system (June 2012). This is because a 4-year period should 

result in a database with enough patients for the required analysis.  

Data preparation  

The data acquired from the 3.475 patient cannot be used directly for the input of the analysis because 

structure of the data. To illustrate this, a simple example of the data can be seen Table 4 with the 

various ventilating methods. Only a small section of a single patient data is shown because of the data 

security policy. As can be seen in Table 4 the data shows the ventilating method, the date and the time 

that the ventilating method was used. To acquire the total ventilation times the final log time of a 

ventilating method is subtracted from the first log with the same ventilating method. Performing this 

action on one patient is easy, but an automatic method is required considering the large number of 

patients that is used. A macro is written that is able to re-order the data in such a way that they show 

the required time values for each of the patients. 

 

For this patient, this results in 6 hours of BIPAP (8:00 to 13:59) and 4 

hours of ASB (14:00 to 18:00) which totals 10 hours of ventilation. 

Because of the missing process end points the total Weaning process 

time for this patient is not 10 hours. This is because the last row of 

ASB ventilation the data also takes until maximally 19:59 hours to 

complete. This data was not extracted and therefore an additional 2 

hours is added to the total ventilating time to compensate for this 

data issue. This results for this case in a total Weaning process of 12 hours. This addition is undesirable 

but required to make a more accurate analysis.  

 entries  

Male 1 451 73,10% 

Male 2+3 45 69,23% 

Female 1 166 26,90% 

Female 2+3 20 30,77% 

Method Date Time 

BIPAP 3-7-2009 8:00:00 

BIPAP 3-7-2009 10:00:00 

BIPAP 3-7-2009 12:00:00 

ASB 3-7-2009 14:00:00 

ASB 3-7-2009 16:00:00 

ASB 3-7-2009 18:00:00 

Table 4: Breathing mode data example 
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To filter the dataset down to the required Weaning process < 72 hours, two filters are required. The first 

filter makes sure that the total Weaning time never exceeds 72 hours. Furthermore a more 

sophisticated filter is required. A data inspection on the patients has shown that cases with ASB 

ventilating first and BIPAP second exist. Looking at the protocol in appendix II this can be seen as the 

wrong order of ventilating methods. In this stage of the research these cases are removed because of 

two reasons. First of all there is too few patient dependent information available to draw accurate 

conclusions about this wrong order of ventilation and secondly the goal of this analysis is to present the 

medical stakeholders with a general performance overview of the correct process. Deviations from the 

protocol are investigated in the next analyses and not in this performance analysis. 

 

To make sure that all patients follow the Weaning process correctly; first BIPAP and then ASB, the first 

ASB time of patients is subtracted by the first BIPAP time of a patient. When this value is positive it 

means that the BIPAP times were logged before the ASB times. Applying these two filters on the patient 

data filters them down to a usable dataset for the analysis.  

 

Next to the different ventilating times, the temperature data were also required. The temperature data 

were collected independently from the ventilating methods data. This is because the temperature of a 

patient is measured during the entire stay on the ICU department, even without mechanical ventilation. 

The temperature is logged in the same way as the ventilating methods that were displayed in Table 4. 

Therefore the same kind of macro action is repeated on the data to prepare the temperature data for 

the analysis. This makes sure that each patient has a total value for the time to reach 36°C. There are 

several patients who already had a temperature of 36°C when the weaning process started. These 

patients have a ‘0’ as time value. An example of the general performance database can be found in 

Table 5. The exact patients’ numbers are replaced by dummies for discretion. All available data that 

were extracted for each patient are represented in the table. 

Patnr Sex Age Weight Length Temp (hr.) BIPAP (hr.) ASB (hr.) Total time Year 

1 M 56,98 90,0 180,00 0,00 17,00 5,75 24,75 2009 

2 F 84,41 60,0 168,00 0,00 8,50 1,75 12,25 2009 

3 F 43,18 91,0 171,00 0,00 0,50 1,50 4,00 2009 

4 M 71,47 105,3  4,75 5,25 1,50 8,75 2009 

5 M 71,20 89,6 170,00 3,50 1,00 1,00 4,00 2009 
Table 5: Sample patient database for general performance analysis 

As can be seen in the table, the second patient is an 84 year old female which arrived on the ICU in 2009 

with 36°C (0 hr.). The BIPAP duration was 8,5 hours, the ASB duration was 1,75 hours which resulted in a 

total ventilation time of 8.5hr + 1.75hr + 2 compensation-hours = 12.25 hr.  

5.3 Data conformance 
In contrary to the data that was used for the general performance analysis, this analysis will use the data 

from the current PDMS; ICCA. This is because this analysis requires much more detailed process 

execution data. The data that are required are the patient characteristics on the specific time a process 

decision was taken. An example are the characteristics of the patient on the moment of change from 

BIPAP to ASB ventilation.  
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The characteristics are determined by the existing protocol of appendix II, all data that are shown in the 

protocol are collected per patient as well as the characteristics that were determined as interesting for 

research (liquid balance, COPD, desmopressin and tranexamic acid).  

Data collection 

During the start of this second analysis section it was concluded that automatic data collection was still 

not possible. During the data collection all available patients from the system were inspected and copied 

to a new dataset which resulted in a total of 65 patient cases. The available data in the ICCA system 

exceeds the data requirements for the Weaning protocol. This means that more information could be 

collected per patient.  An example of the data that were collected per patient is shown in Table 6. 

Besides the shown characteristics, the Glasgow Coma Scale (GCS), Liquid balance, midazolam, 

desmopressin and tranexamic acid are also in the full table.  
ID Time Date Action Mode HF Freq O2s Tem PH PCO2 PO2 FiO ASB PEEP PASB Pro Nor 

5 13:30 20-jun record               

5 14:01 21-jun blood      7,39 5,6 19,2       

5 16:30 21-jun  BIPAP 113 15 100 360    40  8  2 ,025 

5 16:46 21-jun blood      7,5 3,6 26,6       

5 17:00 21-jun  BIPAP 114 15 100 363    35  8  2 0,02 

5 17:30 21-jun  BIPAP 112 13 100 367    30  8  2 ,035 

5 18:00 21-jun  CPAP/ASB 117 23 100 367    30 14 8 6 0,3 0 

5 18:30 21-jun  CPAP/ASB 118 12 100 376    30 14 8 6 0 0 

5 19:00 21-jun  CPAP/ASB 113 16 100 383    30 14 8 6 0 0 

5 19:02 21-jun blood      7,31 6,5 16,2       

5 19:15 21-jun  O2 probe              

Table 6: Extracted data of patient nr. 5 

The table shows the time of a specific event, the date and a special action that is added by the 

researcher. For example on 20:36 a blood test was received of which the results are displayed at the pH, 

PCO2 and PO2 columns. Furthermore the mode displays the ventilation mode in use and the rest of the 

table shown relevant patient dependent values such as heartbeat (hf.) and temperature (Tem). For 

example on 18:30 the patient received BIPAP ventilation and had a heartbeat of 64 beats/minute and a 

temperature of 35.8°C. An overview of the statistics of the database can be seen in appendix XI. An 

overview of all available data of the ICCA system can be found in appendix VIII. 

5.4 Route conformance 
The final analysis provides insight into the route conformance of the patients. The data that are used for 

this analysis is the same as the data from the data conformance and therefore there is no data 

collection. However in order for the questions to be answered, the data need to be prepared to show 

events instead of process state entries. The data should show the detailed over-time behavior of the 

patient. The most important requirement is the ability to show the different key-steps that the patients 

have taken during the weaning process. 

Data preparation 

The first step of the method is to prepare the data in such a way that the data can be properly used in 

the process mining steps. As mentioned before, according to Mans et al. (2009) the transformation from 

the data to a log merely depends on both the experience of the researcher as well as his intuition. This 

data case forms no exception to this rule mainly because it does not consist of logged tasks in the first 
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place. The patient data from the ICCA are not constructed in an event type way as can be seen in Table 

6. The data do not show specific activities that are performed but shows process states in which the 

patient is.  

 

The first step in the translation of the data is therefore to translate the collected data from a process 

state file to a sequential record of performed tasks. To accomplish this, a number of assumptions is 

required to make sure that the data can be backtracked to the original data. Within these assumptions 

there are several degrees of uncertainty. Each assumption should solve a specific uncertainty concerning 

the data, however some data can be more easily associated with a task in the protocol than others. An 

example of this is the activity “ABG measurement” in the end of the protocol. To comply with the 

protocol a blood test is required before the extubation criteria may be checked. When the data shows a 

blood test within 1 hour of the end of the ventilation time (medical confirmed) the task can be 

translated to the final blood event.  

 

Another assumption is for a task that is executed but is difficult to backtrack in the data, is the 

decreasing of the P-ASB pressure. Two sequential data entries can have values of 10 and 6. According to 

the protocol decrease steps of 2 need to be taken to meet the final value of 6. However due to the 30 

minute save feature the time the P-ASB was 8 was not saved. This task is executed with 100% certainty 

only the time this event took place is not known. Therefore the data is extrapolated in this case, 

meaning that a data entry with a P-ASB of 8 is added in the middle of the 10 and 6 value. The time of 

this data entry is the average between the times of the 10 and 6 logs. Doing so the protocol can be more 

closely followed with the data. 

 

An example of a task that cannot be backtracked at all in the data is for example the “ASB till Tv 6-

8ml/kg IBW” task. This task makes sure that a patient, when switched to the ASB ventilation mode, 

receives the correct set-up of the ventilation machine. In practice this task is executed with 100% 

certainty because a patient needs the correct support, however the data do not show any information 

of this setup. This task is therefore artificially added after a patient has finished with BIPAP ventilation. 

An overview of all tasks that are created and their relation to the protocol are discussed in appendix X. 

 

With the actual log created with the assumptions and tasks the next step is to inspect the log. This 

inspection resulted in a problem concerning the sequence of activities. When two events had the same 

start time the correct sequence was not as shown in the log itself. To remove this problem a second of 

time was added to the second event to make sure that the event was executed after the first. When 

multiple tasks were executed on the same time, more second were added to the start times of these. 

This resulted in a maximum deviation of 7 seconds on specific tasks. This manipulation is not desirable 

but the correct sequence of activities is very important. It would be very strange when a patient would 

receive 2 methods of ventilation and the setup of the ASB ventilation at the same time. To overcome 

that issue the seconds are added. 
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The required analyses that were considered interesting by the doctors regarding the medication to stop 

severe bleeding, the liquid balance as well as the COPD of a patient also need to be considered in order 

to answer the questions. The log was therefore extended with the attributes relating to these factors. 

These attributes were already collected in the data collection of the data conformance. COPD was 

labeled 0, 1 or 2 depending on the COPD state (0 is no COPD and 1 and 2 are light stages of COPD, 3 and 

4 are more severe but there are no patients with these COPD states). Regarding the medication a value 

of 1 was added when some of the medication was present somewhere during the process. The liquid 

balance was averaged for all patients separately. These averages were then used to create various 

groups of patients with the use of medical experts an overview can be seen in appendix XVI. An 

overview of the statistics of the log can be found in appendix XI. The overview is used to find out errors 

in the log. Depending on the errors, the cases can either be removed or the data can be changed when a 

typo is found.  

 

The complete event log has been created using the assumptions of appendix X and the collected data of 

Table 6. For the case of patient 5 which has been displayed in Table 6 the resulting event log can be seen 

in Table 7. The difference with the first table is that table 7 shows start and end times for specific 

activities. For example the BIPAP ventilation started at 16:30:00 and continued until 18:00:00.   

id Action Start time End time 

5 Patient record 20-06-13 13:30:00  

5 Operation blood 21-06-13 14:01:00  

5 BIPAP ventilation 21-06-13 16:30:00 21-06-13 18:00:00 

5 BIPAP check 21-06-13 16:30:01  

5 Blood test 1 21-06-13 16:46:00  

5 BIPAP check 21-06-13 17:00:00  

5 BIPAP check 21-06-13 17:30:00  

5 Setup ASB ventilation 21-06-13 18:00:01  

5 CPAP/ASB ventilation 21-06-13 18:00:02 21-06-13 19:15:02 

5 Check breathing frequency 21-06-13 18:00:03  

5 Continue P-ASB 21-06-13 18:30:00  

5 30 min. deviation check 21-06-13 18:30:01 21-06-13 19:00:01 

5 30 min. deviation check 21-06-13 18:45:00 21-06-13 19:15:00 

5 Continue P-ASB 21-06-13 19:00:00  

5 Final blood 21-06-13 19:02:00  

5 Extubation criteria 21-06-13 19:15:01  

5 O2 probe 21-06-13 19:15:03  

 

  

Table 7: Event log for patient nr. 5 
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6. General process analysis 
In section 4.1 the outline of the first analysis was sketched. The main aim is to define a basic 

performance of the Weaning process. The process is split into the duration of the BIPAP, ASB, overall 

Weaning process and the time patients require to reach 36°C. First of all the average performance of the 

process is established. Afterwards regression is used on the simple and advanced groups to see whether 

differences can be found between the various patient groups that were defined in section 4.1.  

6.1 Weaning performance 
According to section 4.1 there are four different key characteristics that are analyzed (BIPAP, ASB, Total 

time and time to reach 36°C). The results of the analysis on the 617 patients can be seen in Table 8.  

Characteristic 
Missing 
values 

Median 
(hr.) 

Mean 
(hr.) 

95% lower 
bound 

95% upper 
bound 

lowest 
value (hr.) 

highest 
value (hr.) 

Temperature 106 3.50 3,89 3,48 4,31 0 45,25 

BIPAP 0 5.50 8,20 7,4395 8,95556 0,1667 66 

ASB 0 1.58 2,69 2,4633 3,4603 0,0833 67 

Total time 0 9.50 13,16 12,1892 14,1294 2,4167 71 
Table 8: General Weaning performance overview (in hours) 

 Answer 1: The overall average ventilation time is 13,16 hours with a median of 9,5 hours. 

 Answer 2: The overall average BIPAP duration is 8,2 hours with a median of 5,5 hours and the 

average ASB duration is 2,69 hours with a median of 1,58 hours. 

 Answer 3: The average duration of patients to reach 36°C is 3,89 hours with a median of 3,50 

hours. 

An overview of the results for all separate patients can be seen in appendix III. Looking at the table the 

missing value of the temperature is very high. The time these 106 patients took to reach 36°C is longer 

than their reported total ventilating time. This discrepancy is possible due to the measuring 

independence of both characteristics. These patients are considered as errors and are therefore deleted 

in the analysis of the average time to reach 36°C. The actual cause of the longer time to meet the 

temperature cannot be investigated due to the absence of detailed time information in the general 

performance database. 

 

This analysis has resulted in the average time of the ventilating methods and the time to reach 36°C. 

These results can be used as a benchmark performance. The healthcare stakeholders currently do not 

have any insights on how their Weaning process performs. The calculated average is taken from 617 

patients and can be used as a general performance measure in the future. As can be seen in Table 8 the 

values for mean and median are different in the sense that the median has lower values. This is because 

the small number of cases with excessive values (Figure 18, appendix III) is now accounted for. Therefore 

the median is the parameter which is reported as the current performance of the Weaning protocol 

because it takes the outliers of the dataset into account. 

 

The results have been validated and evaluated with the domain experts and were confirmed to be 

correct in the sense that they did not show any weird cases.  
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As mentioned, there was no performance measure prior to this research so the exact performance could 

not be judged on correctness. It has therefore been decided that the analysis needs to be repeated on 

the route conformance dataset to be able to confirm the acquired results. 

6.2 Regression on simple groups 
This section analyzes the differences between patient groups (question 4). The groups that are used are 

derived from section 4.1 and are: sex, age, weight and length. Furthermore the time to reach 36°C is 

also used as a group. When trying to find differences between groups there are a few statistical 

techniques available. Using a regression analysis makes sure that all of these techniques are used 

because a regression incorporates both the T-test and the ANOVA analysis (Field 2009).  

 

An overview of the groups that were used in the regression can be seen in Table 9. There are 14 groups 

used for the regression. The separation values of the groups are based on the intuition of the 

researcher. First the ranges of values were inspected and based on that, with the help of common 

sense, the separation values are determined. Besides the separation in groups, the number of patients 

belonging to each group is given. As can be seen some groups have fewer patients than others. This can 

be compensated by changing the separation values in such a way that all groups have an equal number 

of patients. This results in meaningless groups because the clear separation within the groups would 

disappear.  

Sex # pat Age # pats Weight # pat Length # pat Temp # pat 

male 451 <40 15 <60 80 <150 19 0 190 

female 166 average 423 average 387 average 558 >0, <10 354 

  
>75 179 >90 150 >185 40 >10 73 

          
Table 9: Simple regression groups 

Before performing a regression analysis there are two actions that need to be performed. First of all, 

one group of each characteristic should be chosen as baseline for that characteristic (Field 2009). The 

results of the other groups will then show the results as compared to this baseline group. The following 

baseline groups are selected: male, average age, average weight, average length and ‘0’ time to reach 

36°C. The group for the temperature is not the group with the most patients. This choice has been made 

to be able to substantiate conclusions regarding the temperature more easily. 

 

The second action that needs to be performed is that several regression assumptions need to be 

checked. Not checking or failing these assumptions would lead to an invalid conclusion of the regression 

results. In that case the results could not be generalized for the entire population. Because the 

assumptions are not part of the actual results, the assumptions are carried out and displayed in 

appendix IV. Looking at the assumptions it can be concluded that only the assumption of 

homoscedasticity (variance of value differences from mean is randomly distributed) is a case for 

concern. The error plot should show a random array of dots around ‘0’ but it shows a concentration of 

dots at the bottom part of the plot. However, according to Field (2009) the large number of 

observations (617) has a big influence on these statistics. Therefore it is assumed that this assumption is 

also met. More information about the regression assumptions can be found in appendix IV.  
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All regression results for the ventilation times and temperature times are presented in appendix V.  In 

Table 10 an overview is presented of all significant results of the simple groups regression, meaning that 

these groups actually statistically differ (with 95% certainty, meaning a significance smaller than 0.05) 

from the reported baseline groups. The predictor column shows the variable that has shown to have a 

significant effect. The ‘B’ value shows the magnitude of deviation as compared to the baseline groups. 

For example looking at the age <40 group in the BIPAP time section it can be seen that this group takes 

an average 5.587 hour longer to be extubated as compared to the average age group. The ‘T’ value is 

the value that is needed to find the significance using a t-distribution. 

 
Predictor B T Sig. 

Total time Age <40 5,791 1,866 0,063 

 
Temp <10 -5,306 -4,146 0,000 

 
Temp >10 4,551 2,614 0,009 

BIPAP time Age <40 5,587 2,303 0,022 

 
Temp <10 -3,816 -3,815 0,000 

 
Temp >10 4,316 3,172 0,002 

ASB time Temp <10 -1,490 -2,195 0,029 

Temp. Weight <65 9,805 2,944 0,030 

 
Length >185 12,465 2,873 0,040 

Table 10: Significant results for simple group regression 

The temp <10 group is interesting because it shows up in all measures of ventilating time as having a 

negative significant effect (B smaller than 0 and sig. smaller than 0.05). This means that when a patient 

needs between 0 and 10 hours to reach 36°C the patient will be on average 5,306 hours earlier 

discontinued from the ventilation as compared to the group that arrives in the process with 36°C.  

 

Furthermore the patients that need more than 10 hours to reach 36°C stay on average longer in the 

ventilating process. The numbers for BIPAP and total time are nearly equal for the temp >10 group. This 

can be explained by the fact that a patients needs to be 36°C before continuing to the ASB phase. A time 

smaller than 10 hours can be compensated by the recovery of the patient in the BIPAP phase, when the 

time to reach 36°C is longer than 10 the process actually needs to wait to proceed and the overall 

ventilation becomes longer. The temperature itself is only significantly influenced by patients who have 

a low weight or high length. Both groups make the process longer to reach the required 36°C. These 

statements were medically confirmed as viable by the stakeholders.  

6.3 Regression on advanced groups 
With the comparison on several simple groups made in the previous section, the next step is to combine 

groups into advanced groups. These advanced groups are combinations of two simple regression 

groups. These combinations are made because it may result in interesting differences because the 

patients in the groups are more specific. An overview of the advanced groups can be seen in Table 11. 

The baseline groups that are left out of the regression analysis are not shown in the table. This would 

create confusion in the name because there would be 2 groups labeled Young_average for example in 

both the length and the weight. These groups are left out of the regression anyway and are therefore 

not displayed in the table. 
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Group # pats  # pats  # pats  # pats  # pats 
Young_short 0 Old_short 8 Short_light 4 Male_light 27 Female_light 53 

Young_long 3 Old_long 5 Short_heavy 0 Male_heavy 130 Female_heavy 20 

Young_light 4 Old_light 28 Long_light 0 Male_short 1 Female_short 18 

Young_heavy 3 Old_heavy 28 Long_heavy 24 Male_long 40 Female_long 0 

      Male_young 10 Female_young 5 

      Male_old 103 Female_old 76 

Table 11: Advanced regression groups 

There are several groups with no patients which will not have any effect on the ventilating duration, but 

are shown to make a more complete group overview. As before, because new groups are used for the 

regression the assumptions need to be re-checked. An overview of these assumptions and an 

explanation can be found in appendix VI. Looking at the outcome of the assumption analysis the same 

conclusion can be made as with the previous regression; only the homoscedasticity is a case for concern. 

However, the sample size is still large enough to assume that this assumption is still met. The results of 

the advanced groups can be found in appendix VII. An overview of the significant results of the advanced 

group regression can be found in Table 12. The interpretation of Table 12 is somewhat more difficult 

than the interpretation of Table 10. This is because in the advanced groups differences are found 

between the shown groups. Some observations: 

 Predictor  B T Sig. # pats 

Total time Young_light -24,873 -2,696 0,007 3 
 Male_long 6,287 1,900 0,058 40 
 Female_young 24,862 2,975 0,030 5 

BIPAP time Young_long 18,823 2,724 0,007 3 
 Young_light -15,252 -2,134 0,033 4 
 Old_heavy 5,510 2,326 0,020 28 
 Male_long 5,465 2,133 0,033 40 
 Female_young 14,603 2,256 0,024 5 
 Long_heavy -6,660 -2,014 0,044 24 

ASB time Young_light -9,621 -1,995 0,047 4 
 Female_young 10,259 2,348 0,019 5 

Temp. Old_light 17,362 2,400 0,017 28 
 Male_long 31,608 4,580 0,000 40 
 Male_light 16,907 3,185 0,002 27 
 Long_heavy -31,484 -3,534 0,000 24 

Table 12: Significant results for advanced group’s regression 

 The first observation that is made is that the group male_long has a significant positive effect (B 

larger than 0 and sig. smaller than 0.05) in three of the four variables. This means that longer males 

need longer to reach 36°C and remain mechanically ventilated for longer as compared to males with 

a normal length. The actual value of the longer duration cannot be seen in the table because it is 

based on the average of the male_average group. It can only be concluded that this group takes 

longer as compared to the male_average group. This result is based on 40 patients and could 

therefore be a subject for further research. 

 The group young_light has a negative significant effect on all (partial) ventilating times. This means 

that a young patient with a low weight has shorter ventilation times as compared to other young 

patients. This effect is only based on 4 patients and is therefore hard to generalize. 
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 The group female_young also shows up in all ventilating times and has a positive significant effect. 

This means that younger females need to be ventilated longer as compared to other female patients. 

This result is based on only 5 patients who make it also hard to generalize. 

 In the BIPAP phase the group old_heavy has a positive significant effect on the ventilation duration as 

compared the other older patients. To be able to move from BIPAP to ASB the patient has to recover 

from the operation. Both being older and heavier makes this recovering process more difficult which 

can explain this finding, this is therefore a viable difference based on 28 patients. 

 The group long_heavy shows up in the BIPAP and temperature results as having a negative significant 

effect. This means that longer and heavier patients are able to recover faster from their injuries and 

therefore process to the ASB phase quicker as compared to other long patients.  

6.4 Discussion on general process performance 
The confirmation of the ventilation time results from the analysis of the general process performance by 

the medical experts was nice to see. This meant that the results were actually meaningful and probably 

correct. Further investigation into these results in another analysis could help to substantiate or reject 

the findings. The number of patients that was used to find the acquired results was sufficient. However 

because a lot of patients were discarded in the filtering it is uncertain how these patients would have 

influenced the results when more patient dependent data were available to validate why a certain 

patient should not be filtered out. The availability of data was therefore an issue in the entire analyses 

phase. All data were received separately and needed to be coupled which certainly increased the 

possibility to make errors. Furthermore the 2 hours between data entries and the limited availability of 

data made it hard to actually calculate the averages.  

 

The evaluation with the stakeholders confirmed the possibilities in why specific groups could have a 

significant effect on the ventilation duration. In the simple groups the temperature came up as having 

the largest effect on the ventilation duration. As concluded before the temperature data are, due to 

coupling, hard to explain and generalize. Besides the difficult to explain temperature predictors there is 

only one other significant result on the ventilation time (age <40). This implies that there are not many  

performance difference for different patient groups. Looking at the advanced groups it can be 

concluded that some of the results are significant but that they are based on groups smaller than 10 

patients which make them hard to generalize. None of the advanced groups with more than 50 patients 

has shown a significant result. This means that the results are only for niche patient groups.  

 

The literature of the Weaning protocol shows research into the differences between the use of a 

protocol and insight of the treating staff for the extubation of patients (Kollef et al. 1997). This means 

that the actual result of this analysis cannot be confirmed nor rejected with medical literature. Overall it 

be concluded that this analysis has helped in gaining insight into the performance of the Weaning 

process but that some of the results need to be investigated in other analyses to be substantiated. 
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7. Data conformance 
The second analysis section is performed on the clean data in the data conformance database. This 

means that the data was not modified in any way for the analyses of this chapter. The process is split up 

into 3 separate steps to ease the analysis. First of all there is the start phase which is the BIPAP 

ventilation method where the first set of criteria is checked (Note A of the protocol). After completing 

the checks there is the ASB ventilation phase in which the breathing frequency is checked, the P-ASB 

pressure is decreased to 6 and deviations (Note B) are checked. The final stage is where the extubation 

criteria (Note C) are checked and the process is finished.  

7.1 BIPAP analysis  
The first analysis is to check how many of the 65 patient cases have met the threshold values stated in 

‘Note A’ of the Weaning protocol of Figure 6 before continuing to the ASB ventilation phase. Each 

patient has several lines of BIPAP ventilation (Table 6). The majority of patients (93.85%) receives BIPAP 

as their first ventilation method but there are 2 other methods in the data. These ‘errors’ have been 

confirmed by the medical stakeholders as wrong settings on the ventilation machine and adjusted 

accordingly. Before starting with the analysis of the criteria there are three criteria that need extra 

explanation because they cannot be directly interpreted from the data.  

1. The first criterion according to the ‘daily check’ is about the Glasgow Coma Scale (GCS). According 

to the protocol the value needs to be higher than 8. In the BIPAP phase there are only 3 patients 

(4,62%) which have a GCS score. These scores are reported somewhere in the BIPAP phase (not on 

the decision point) and the lowest value that is reported is 11. From this it can be concluded that 

the GCS score has no influence on the execution of the protocol on the F3 department.  

2. The second criterion is about the trigger that is required when the sleep medication stops. There is 

no information in the data about the appearance of a patient trigger, therefore this parameter is 

hard to check. A patient cannot receive sleeping medication and give a trigger at the same time. 

Therefore it is assumed that the trigger criteria is passed when the dose of medication is 0 in the 

last BIPAP entry. Using this, is according to the specialists, correct but shows a problem regarding 

the nature of the data (saving roughly each 30 minutes). The last BIPAP entry can show a dose of 

medication whereas the first ASB entry reports no more medication. This could lead to the 

conclusion that the patient did not confirm the stated values of the protocol because of the dose of 

medicine. However in the time between the two entries the dose has most certainly been reduced 

to 0 but that is not saved automatically. Therefore the medication is also checked in the first ASB 

ventilation data entry to make sure that no wrong conclusions are drawn on the medication in the 

last BIPAP data entry.  

3. The third criteria is the P/F ratio which is seldom reported in the data even though it is a valuable 

criterion according to ‘Note A’. Without this value the analysis cannot be correctly carried out. The 

P/F ratio can be calculated by PO2/fiO2 and both values are reported so to make the criteria list 

complete, the P/F ratio is calculated for all patients. This calculation or reporting of the P/F value is 

off course a recommendation because criteria that are not automatically shown cannot be used for 

the criterion assessment.   
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According to the study by De Winter (2013) the required temperature of 36°C is added to the analysis. 

With that all criteria that needed explanation are presented the actual results of the number of 

deviations can be seen in Table 13.  

Answer 5a: 76,92% of all patients have met all BIPAP threshold 

values of the protocol. 

 

The kind of deviations can deliver valuable insights in where the 

protocol can be enhanced. An overview of the types of 

deviations that have occurred can be seen in Table 14 in 

accordance with the stated threshold values of the protocol. As 

can be seen 9 of the 22 deviations occur with the sleeping medication Propofol. As explained this 

deviation occurs when patients still receives Propofol in the last BIPAP data entry as well as in the first 

ASB ventilation data entry. It can occur 

that a patient triggers even with the 

presence of sleep medication (De 

Winter 2013). According to the medical 

stakeholders this is because when the 

dose is reduced one of the first body 

functions that recovers is the breathing 

trigger. In case of such an early trigger 

the ventilation method is switched to ASB and the dose is slowly reduced. Therefore these 9 deviation 

cases can be seen as special cases and are considered compliant to the protocol because too little data is 

known to make the correct conclusion about the medication. A decision is made taking the actual 

patient reactions into account and these reactions are based on inspections which are not logged. On 

the contrary to the errors that have been made in the BIPAP phase there are also 13 cases in which a 

patient already achieved all required values but remained in the BIPAP phase. More information on this 

can be found in appendix IX. 

7.2 ASB analysis 
This analysis ranges from the start of the ASB ventilation until the ‘ABG measurement’. This section does 

not have any clear cut threshold values that can be analyzed in the same way as the BIPAP threshold 

values. There are however a few characteristics a patient must meet, such as a correct breathing 

frequency and a correct P-ASB pressure to be extubated which can still be analyzed. Information of 

these extra analyses can be found in appendix IX. Besides this extra analysis there were 4 patients 

(6,15%) which were extubated immediately after the BIPAP ventilation and therefore did not receive 

ASB ventilation according to the data. The cause of this behavior could be the condition of these 

patients. When the condition of the patient is that good, a specialist can allow for immediate extubation 

without the need of the ABG measurement. These 4 patients have followed this route but, due to the 

missing of consultation data, the decision cannot be substantiated. 

 

When the P-ASB has reached a value of 6, the next step of the protocol is to check for specific deviations 

that occur within the next 30 minutes (Note B).  

# Deviations # Patients % 

0 50 76,92% 

1 12 18,46% 

2 1 1,54% 

3 0 0,00% 

4 2 3,08% 

Table 13: BIPAP criteria analysis 

Table 14: BIPAP deviations per type 

Criteria # Deviations Threshold  Value low Value high 

Propofol 9 0 1,3 3,9 

Nor 3 ≤ 0,1 0,2 0,2 

P/F 3 > 27 23,6 26,6 

Peep 3 ≤ 8 10 12 

Temp 3 >36,0 0 35,9 

FiO2 1 < 50% 65% 65% 
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Two of the required checks cannot be traced back in the data. These checks are the vegetative reactions 

and the exhaustion/unrest values. These values are based on the opinion of the treating nurse and not 

entered in the system. When the P-ASB value was either missing or had any other value it was scored as 

a missing data case. The overview of the number of patients which had any one of the stated deviations 

when the P-ASB value was 6 can be found in Table 15. RR stands for respiratory rate (breathing 

frequency) and Hb. stands for heartbeats per minute. 

 

Answer 6: 31 patients had an error during the 30 minute stable time 

and 21 patients had not enough information to be analyzed. 

 

According to the protocol, a patient can only go back to the start of 

the ASB ventilation when 1 or more of the deviations have occurred. 

This means that a patient remains in the ASB state until all 

deviations have been cleared. However the analysis shown in 

appendix IX shows that there are several cases which are extubated 

without 30 minute stability. A final analysis on the number of blood 

tests during the process can also be seen in appendix IX. 

7.3 Extubation criteria analysis 
This section is about the extubation criteria in ‘Note C’ in the protocol of Figure 6. Most of the values 

that need to be met by a patient are straightforward and can be seen in the data. Only the Cough-and- 

skill reflex cannot be traced back in the data. This criterion is not present for any patient and is judged 

by the treating nurse. Just as with the BIPAP threshold values, the GCS is again present in the criteria but 

only 9 patients (13,85%) have a GCS score and when this score is 

entered it is higher than 10. Furthermore the criteria for 

temperature is again added according to the study by De Winter 

(2013). An overview of the number of criteria fails can be seen 

in Table 16.  

 

Answer 5b: 58.46% of all patients have met all extubation threshold values of the protocol. 

 

When looking more into where the patients fail the protocol the results are displayed in Table 17. Most 

deviations occur on the PCO2 and pH value. 

Looking at the values and the stated 

threshold values it is concluded that 

tweaking both these values by a small 

percentage may lead to major patient 

compliance improvements on the 

extubation criteria. According to the 

protocol each deviation from the criteria 

should lead to a doctor consultation. However not all these cases will have had a consultation because 

of the small deviations compared against the threshold values.  

Deviations # Patients % 

None 13 20,00% 

Missing 
data 

21 32,31% 

RR >20% 28 43,08% 

freq >35 1 1,54% 

freq >35 + 
RR > 20% 

1 1,54% 

HB >20% + 
RR > 20% 

1 1,54% 

Table 15: Deviations within 30 minutes 

# Deviations # Patients % 

0 38 58,46% 

1 17 26,15% 

2 10 15,38% 

Table 16: Extubation deviations 

Criteria # Deviations Threshold Lowest Highest 

PCO2 13 ≤6.0 6,1 7,4 

PH 16 7.30 – 7.50 7,23 7,29 

Temp 3 >36.0 0 35.9 

NOR 3 ≤ 0.1 0,127 0,2 

PEEP 1 ≤ 8 10 10 

FIO2 1 ≤ 40% 50 50 

Table 17: Extubation deviation in the ASB phase per type 
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This statement has been medically confirmed by the stakeholders. This cannot be checked because, as 

mentioned before, the consultations are not logged. Question 7 of section 4.2 was to find out how many 

Weaning failures (failed SBT or a re-intubation within 48 hours (Heunks 2010) have occurred. In this 

dataset of 65 patients’ there was 1 patient who had 2 re-intubations, which results in 2 failed patients 

(3.08%).  

 

Answer 7a: In total there are 2 re-intubations within 48 hours in the entire patient population. 

 

These cases were treated as separate patients in the rest of the analyses because the process itself 

starts all over again after a re-intubation. The number of failed SBT’s could not be analyzed in this 

section because the routes of the patients are not yet analyzed. Further analysis in chapter 8 will 

complete the answer on question 7. The final analysis that was performed is the process termination in 

the data. An overview of this analysis can be seen in appendix IX. 

7.4 Discussion on data conformance 
Looking at the data conformance analysis several observations can be made. First of all there is the total 

number of data entries. Because of the manual data collection, there are 65 cases in the dataset. This 

number is sufficient for analysis, but the number of cases makes it difficult to generalize the findings of 

this section. Besides the number of data entries, there is also a lot of (key) data missing. When looking 

for example at the 30 minute deviation check, it must be concluded that out of the 65 cases, 28 cases 

(43,1%) had missing data. This is a very high percentage and makes the analysis more difficult and even 

harder to generalize the findings.  

 

On a more positive note, because of the manual data collection the data have been collected in the best 

possible form. This allows for a more easy analysis because the format is already known to the 

researcher due to the self-construction of the dataset. When the data were collected automatically the 

data should first be interpreted and understood by the researcher which costs time. In this case no time 

was lost in the interpretation of the data which facilitates a more easy analysis. 

 

Finally the main disadvantage of data analysis becomes evident. When analyzing data the results can tell 

a variety of aspects which can be either right or wrong. Concluding that some action is wrong does not 

take the actual decision making process into account. The data researcher was not at the decision 

making point and can therefore not evaluate decisions on the basis of the data alone. It could very well 

be that the decision that has been made, was the best for that specific situation and the wellbeing of the 

patient. This cannot be seen in the data and that makes it hard to substantiate “wrong” decisions by just 

analyzing the corresponding data. An example of such an issue is when a patient could go to the ASB 

ventilation earlier than was the case. In these cases the data do not tell the entire story and one cannot 

conclude, based on the data, that these patients could have gone to the ASB ventilation earlier. 
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8. Route conformance 
In the previous chapter, the data were analyzed in its basic form. The next step is to use the method of 

Bozkaya et al. (2009) (Figure 5), to use the data to perform the analysis on the route conformance 

dataset. An overview of the process model which has been created using a process mining method, the 

fuzzy miner, can be found in Figure 8. As can be seen in the figure, the overall structure of the model is a 

spaghetti structure and overall unreadable. This is because all activities and paths are shown. The start is 

on the right top corner and the end is in the lower left corner, but any other activities cannot be traced. 

The figure is a typical example of a process mining result. To be able to make the figure more 

comprehensible both different miners as well as different filters (Janssen 2011) are required. 

Figure 8: Process map generated with fuzzy miner 

Heuristic miner 

Boere (2013) has shown that the most used process mining technique in healthcare studies is the 

heuristics miner furthermore it is a best practice according to Janssen (2011). The second step in the 

process mining effort is therefore the application of the heuristics miner on the created data log. An 

overview of the process mining result with the basic settings of the heuristic miner can be found in 

appendix XIII. As can be seen the paths have a better direction than the one in Figure 8, but event traces 

are still very difficult to follow. To be able to trace the process, the log itself needs to be filtered down 

this is in accordance with the best practices of Janssen (2011). 

 

Looking at the results of the heuristic miner two improvement options are available that can increase 

the comprehensibility. First of all there are the blood tests that are performed throughout the process. 

The actual protocol of appendix II does not show a blood test during the process itself, only at the end a 

blood test is required. The first applied filter is the removal of all the blood tests including the final blood 

test from the log. This step can be seen as the aggregation of events best practice of Janssen (2011). 

After the process mining effort, the blood tests including the final blood test are subjected to more 

thorough research. Second, there are multiple names used for the same ventilation methods. There are 

CPAP, ASB and CPAP/ASB for example to describe ASB ventilation. These names all note the same 

ventilation modus according to the medical stakeholders and can therefore be merged. This is the 

renaming of events best practice of Janssen (2011). 
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The different names come from nurses which can manually type in the ventilation mode if required in an 

data entry. The heuristic miner with the basic settings is re-applied and the results can be seen in 

appendix XIV. The readability as compared to the initial results of appendix XIII have been drastically 

improved. Furthermore the continuous semantics fitness has also improved from the unfiltered to the 

filtered log (from 0,60 to 0,67). This means that 67% of the log can be traced back on the created 

visualization. Unfortunately not all traces of all patients (33% is missing) are shown in the figure (for 

example the 4 patients without ASB ventilation). This is because of the settings of the heuristics miner. 

To be able to show all low frequent behavior, the settings of the heuristic miner need to be optimized. 

Unfortunately there are no clear guidelines concerning this optimization (As concluded from the 

Heuristics miner user guide 6.0; Weijters & Ribeiro) and therefore the heuristic miner can only be 

optimized to show non-frequent behavior by trial and error. One of these trials can be seen in appendix 

XVIII in which the settings of the heuristic miner have been changed to incorporate more low frequency 

behavior. This can for example be seen with the 4 patients who did not have ASB ventilation. The 

heuristic miner with the basic settings did not show this behavior whereas the updated settings does 

show this behavior.  

The heuristics miner is optimized to show the routes that have been taken by most patients. However 

the focus of this research is different because it needs the low frequent behavior which does not show 

up in the heuristic miner. To overcome this issue a different process miner such as the multi-phase 

miner by Van Dongen (2004) and the fuzzy miner by Günther (2009) can be used. The multi-phase miner 

produces a model with a fitness of 1, meaning a 100% match with the log. This implies that the created 

model looks like the one shown in Figure 8 and cannot be used for analysis because the multi-phase 

miner has no filter abilities. Therefore the fuzzy miner is used next because that miner has filter abilities. 

Fuzzy miner 

The fuzzy miner can be updated in a more interactive way and could also show performance and case 

frequencies (Günther 2009). An overview of the results from the fuzzy miner for the filtered log can be 

seen in appendix XV. The numbers that are represented on the arrows show the number of cases that 

have travelled a specific route. It appears that more actions are taken in the log as compared to reality. 

For example the arrows leading into the breathing stop event. A simplified version of these events can 

be seen in Figure 9. For example when looking at the breathing stop event, 37 patients continued from 

extubation criteria, 2 from the BIPAP ventilation and 35 from 

the CPAP/ASB ventilation. This implies a total of 74 cases in 

the breathing stop event which is not true. The event on one 

side of the figure are the event that take time to complete 

and the events on the other side are the event which occur 

during these longer events. This knowledge helps in correctly 

interpreting the results from the fuzzy miner. The results of 

the fuzzy miner and the method of Bozkaya et al. (2009) of 

figure 4 can be used to analyze the Weaning process on 4 

different sections: 

1. The analysis of the time before the actual Weaning 

process.  
Figure 9: Fuzzy miner event duality 
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This is the time between the record of the patient and the actual arrival on the ICU. The analysis 

can provide some insights in for example the operation duration or the average arrival time after a 

blood test can be seen in the ICCA system (appendix XII).  

2. The second section is the control flow analysis of the method of Bozkaya et al. (2009) and 

investigates the differences that are reported by the fuzzy miner as compared to the original 

protocol of appendix II. This analysis lets the researcher analyze the different routes that are used 

by the patients. These routes can be compared with the actual protocol of Figure 6 to find possible 

new routes and/ or route improvements.  

3. The performance analysis is placed after the control flow analysis by Boykaya et al. (2009). The 

performance of the process can be measured in the same way as in the general performance 

analysis. This can be done because the same data is available, but now, because of the higher 

logging frequency, in a more detailed way. This should result in a more accurate analysis for the 

performance which can either confirm or reject the results of the general performance analysis.  

4. The various blood tests which are not a part of the current protocol but it might provide some 

insight in how the nurses follow the blood test guidelines (appendix XII). 

8.1 Control flow analysis 
The most important analysis is the control flow analysis of the method of Bozkaya (2009). This analysis 

compares the existing protocol with the results of the process mining result. The first action is to analyze 

how many patients have ‘gone back’ to the BIPAP ventilation after they already received ASB ventilation. 

The arrow from CPAP/ASB towards BIPAP in Figure 10 shows that 9 patients (13,85%) have followed this 

route. All other routes have been removed for clarity. These 9 patients show a total frequency of 14 

backdrops in ventilation method. This means that some patients went back more than once. The data 

confirmed that one patient even had 3 changes from ASB ventilation to BIPAP ventilation.  

 

Answer 7b: There are in total 14 spontaneous breathing trial failures on 9 patients in the dataset. 

 

Furthermore there are the 4 patients (6.15%) which did not 

have ASB ventilation at all and were extubated immediately 

after the BIPAP ventilation. Finally there was 1 patient (1,54%) 

which was extubated so quickly that there was no possibility 

that the patient remained stable for 30 minutes after the last 

decrease of P-ASB pressure. These 5 patients are wrong 

executions of the protocol but can, due to the un-availability of 

data, not be investigated further on their deviation reasons. 

This implies a total of 14 route deviations from the original 

protocol. 

 

Answer 8: 78.46% of the patients follow the protocol in its 

current form without going back to the BIPAP ventilation. 

 

Figure 10: Loop back from ASB to BIPAP 
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Off course there are also the patients that did not have a final blood test and therefore do not follow the 

protocol correctly. This has already been analyzed in the data conformance section and is therefore not 

incorporated in this analysis. With the number of deviations known, a very interesting aspect would be 

to find out where the 9 patient cases deviated in the protocol and went back to the BIPAP ventilation.  

 

The protocol of Figure 6 shows one route that allow patients to go from ASB ventilation to BIPAP 

ventilation. This route can be used when a deviation occurs in the final 30 minute stable time. The 

results show that none of the 9 patient cases go back to BIPAP ventilation after this 30 minute stable 

check. This means that the routes these 9 patient have used are not shown in the current protocol. The 

first deviation route that is found is from the check breathing frequency back to the BIPAP. 

This route has been used by 7 patients (10,77%) as shown in 

Figure 11 (filter is applied on log to show behavior more 

clearly). Basically this is a failed SBT because the BIPAP is 

reinstalled right after the first ASB time.  The available route to 

go back after a SBT as shown in the protocol of Figure 6, is 

when the ASB value has a value which is higher than 20. None 

of these 7 patient had an ASB value reported which was higher 

than 20. Therefore the available route was not used by these 

patients and a new route should be presented in the protocol 

to be able to show this behavior. The other 2 deviations 

occurred to patients who received full ASB ventilation for a 

period before returning to BIPAP ventilation. Looking at the 

available routes in the protocol there is only one option that is 

when there is a deviation in the 30 minute stable time, however for this route a P-ASB of 6 must be 

reached first. Both these patients did not meet this value before they went back to BIPAP ventilation. A 

redesign to make this route possible is to have a travel back option from the decrease P-ASB pressure 

event.   

 

As concluded in the data conformance analysis, there are several cases in which a deviation occurs 

within the final 30 minute stable time. The only available route is to go back to the beginning of the ASB 

ventilation. However this has never happened and is therefore a strange route. An option that is used by 

20 patients (30.77%) is to restart the deviation check and keep the P-ASB on 6. This may well be the 

same intention as the option to travel to the beginning of the ASB ventilation but the continuing of the 

P-ASB is the only option that is shown in the data after failing the 30 minute deviation check which 

makes the long route redundant.  

 

Besides the patients that have one or more sequential P-ASB values of 6 there are also patients which 

have two or more sequential P-ASB values other than 6. This means that a patient keeps receiving the 

same ASB pressure while the protocol states that the pressure must be reduced in steps of 2. Within the 

protocol there is no action that allows for a continuation of the P-ASB pressure. Therefore a redesign 

must make this continuation possible because it is used by 20 patients (30.77%).  

 

Figure 11: Detailed loop from ASB to BIPAP 
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Finally it is considered interesting whether different patient groups use different routes as compared to 

other patient groups. This would result in different protocols for different patient groups. With the 

current dataset this research goal cannot be achieved due to the small size of the dataset. When the 

dataset of 65 cases was divided in for example the patient groups of chapter 6 the results that would be 

obtained for these groups could show differences in behavior but because the group size is very small 

the results could not be generalized for all patients. Because of this dataset issue, all cases are 

considered as one group and no split will be made in this group. For future research, with a larger 

dataset, the filtering of the database is a very interesting research objective to find out differences in 

routes between various patient groups. 

 

Answer 9a: Due to database size, no differences in routes between various patient groups could be 

investigated. 

 

With the control flow analysis finished, a very important question can be posed; have all deviations 

been found? Because process mining relies on techniques and abstraction of data one can never be sure 

if all deviations have been found using in this case both the Heuristics miner and the fuzzy miner. 

According to Rozinat the fuzzy miner does display all routes that have been taken by the patients. To 

make sure that all deviations can be found, the Conformance Checker (CC) (Rozinat 2005) can be used 

besides the fuzzy miner. The CC needs a model that is based on the current protocol and ‘plays’ the 

event log on this model. Doing so it can detect all discrepancies between the current protocol and the 

event log. The CC is not used in this research because of the available time. If the goal is to make sure 

that all discrepancies are found a CC should be used besides the Heuristics- and Fuzzy miner to confirm 

the results of the fuzzy miner. 

8.2 Performance analysis 
The method of Bozkaya et al. (2009) shows a performance analysis after the control flow analysis. The 

route conformance dataset contains more detailed data entries which allows the basic process 

performance to be re-measured. This is done to compare the current state with the state which was 

established in the general performance analysis. An overview of the results can be seen in Table 18.  

Characteristic Missing values Median Mean Lowest Highest 

Temperature 2 0.967 hr. 1.041 hr. 0 3.467 

BIPAP duration 0 3.983 hr. 4.711 hr. 0.233 25.517 

ASB duration 0 1.517 hr. 2.351 hr. 0.05 30.517 
Table 18: Performance overview of new log 

Comparing these results with the results of the general performance analysis results in several 

differences. In this log the values for the temperature could be more accurately calculated which make 

the results more realistic according to the stakeholders as well as more useful in practice. The 

differences of the ventilation methods are smaller than the differences in temperature. The median of 

the BIPAP in the general performance analysis was 5.50 (route conformance 3.98,-27,6%, 91 minutes 

difference) and the median for the ASB was 1,58 (route conformance 1.51, -3,80%, 4 minutes 

difference). Taking into account the information that was available for the general performance analysis, 

the number of patients and the compensation times it is concluded that these results confirm the results 
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for the ASB ventilation duration. The difference in BIPAP duration is quite substantial and should 

therefore be interpreted with caution. It is currently impossible to conclude which of the results is the 

actual performance. It can only be concluded that the BIPAP duration is different for both populations. 

The deviations in the mean values are a lot larger but that can be explained by the logging time 

consistency in the previous system (2 hours), the missing of patient specific characteristics and missing 

end data to determine the specific behavior.  

 

In appendix XIX an overview of the performance as derived by the fuzzy miner is shown. The overall 

performance results can already be seen in Table 18 and are therefore not the interesting part of the 

appendix. What can be seen is that the times between the various events are higher than 30 minutes. 

The PDMS should have entries every 30 minutes but that would result in clear 30 minute times between 

events. This is certainly not the case because most average values are higher than 30 minutes. This 

means that the time between data entries in practice is longer than 30 minutes, which decreases the 

accuracy of the analysis. Besides the general process performance there is also the question from the 

domain experts whether specific groups had different results in the various ventilation methods. The 

groups have been defined in appendix XVI, which also shows an overview of the statistics relating to the 

performance of the various groups. This statement should be used as input for a future study when 

more patients are subject of research. 

 

Answer 9b: Patients who gain more than 500ml of liquid have a significant longer BIPAP duration than 

patient that lose liquid during the process, furthermore no differences can be found within the groups. 

8.3 Transfer results 
The last task of the method of Bozkaya et al. (2009) is to transfer the results that have been acquired. As 

mentioned before this transformation can only be done with a readable process model. Due to the 

number of patients in the dataset as well as the filtering of the log, the figure showing the behavior of 

the dataset is created in a structured way. Even when the domain stakeholders are unable to read this 

figure, there are no more possibilities to further increase the readability while remaining on the same 

level of detail. Furthermore the results that are generated are transferred with explanation about the 

content which overcomes the personal issues when reading process models. 

8.4 Discussion of route conformance 
Looking back at the route conformance effort that has been done several important results have been 

found in the first place. First of all it was very nice to see the results from the general performance 

analysis confirmed for ASB with the newly acquired data. From this it is concluded that the analysis that 

has been performed in the general performance analysis was correct because the results are basically 

the same for ASB.  

 

The fuzzy miner is better when analyzing route discrepancies even though the heuristics miner is more 

frequently used. This claim can be backed up by the difficult setting optimization of the heuristics miner. 

Differences from the protocol do not show up as high frequent behavior which means that for analyzing 

a protocol on discrepancies the Heuristics miner cannot be used. This implies that for protocol 
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improvement studies a fuzzy miner in combination with the conformance checker will produce the most 

interesting results for improvement. This is because these miners are able to show all routes and 

discrepancies between the model and the log. There are some points that need to be improved in future 

research to make sure that the results are optimized. First of all the dataset contained only 65 patients 

which is enough to prove that the concept of process mining works, but it makes it difficult to generalize 

the patient flows for the entire patient population. A larger dataset would certainly help in generalizing 

the findings of this study. Furthermore a larger dataset would result in more route deviations and 

improvement possibilities for the protocol. The content of the data is also subject to improvement. 

Several critical values were not entered for some patients. An example is the ASB pressure that is used 

to calculate the P-ASB value. Without this ASB value the event from the protocol cannot be correctly 

followed. Therefore the content of the data has resulted in some issues when performing the analyses. 

 

The goal of the process is that a data entry is made each 30 minutes. The performance analysis of the 

log already resulted in a higher average time between the data entries. When comparing near 30 

minutes average to the 2 hours between entries in the datasets, results in a substantial accuracy 

improvement. However for the actual process mining more accurate data should result in higher process 

mining accuracy. Within 30 minutes a lot can happen to either a patient or the process. For example the 

SBT in the BIPAP phase takes less than 30 minutes. This test is highly relevant for the entire process but 

is not scored directly in the system. Because the actual SBT is not reported in the data, the number of 

Weaning failures (question 7) will be higher in reality. Results would systematically improve when all 

actions would be entered on top of the 30 minute entries. Sometimes this is already done, but 

unfortunately not always which disrupts the results. 

 

Besides the actual content the translation of the dataset into the log file is also important. By translating 

these data the entire research becomes possible and it is therefore required to make this 

transformation. To create the log several assumptions had to be made about specific and sometime key 

events in the process.  These assumptions have decreased the reproducibility of the study on other 

datasets of other Weaning processes. Luckily the transformation is backed up by the intuition and 

experience claim by Mans et al. (2009) and the work of Janssen (2011) and this means that this is an 

issue in all process mining studies. Finally there are also cases in which the data is not entered for 2 

hours or even more. This means a disruption in the data consistency and may result in performance 

deviations and route deviations that cannot be seen in the results.  

 

The translation from data to log has been performed manually. This has the advantage that all patients 

follow the same translation but has a lot of manual boring work as disadvantage. When the dataset was 

larger the automation of the translation would be more difficult to make because of the assumptions 

that are made. When future studies are done to repeat this study with a larger patient dataset, the 

specific actions within the protocol need to be logged better. In its current form the ICCA system does 

not store enough process dependent information to make this automation possible without 

assumptions. Examples of such assumptions are the setup of the ASB ventilation and the 30 minute 

deviation check. From these events nothing is registered in the system. Besides these events there are 

also not scored observations which make it hard to trace the protocol back into the data. 
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9. Enhancement of the protocol 
Now that the data have been analyzed in its untransformed form in chapter 7 and in its translated form 

in chapter 8 the overall conformance analysis is finished. In the analyses that have been made several 

improvement options have been found. This means that the focus now shifts towards the enhancement 

technique of process mining. 

9.1 Threshold value enhancements 
The first set of protocol improvements comes from the data conformance analysis. These improvements 

mainly focus on the patient criteria that have been stated as threshold values for the patients to 

continue to the next step in the process. As before the improvements are split up between the 3 various 

threshold checks; BIPAP-, ASB- and extubation criteria.  

9.1.1 BIPAP ventilation criteria 

Looking at the results of the BIPAP analysis in Table 13 it can be seen that 50 patients do not have any 

deviations from the stated threshold values. This is accomplished without the GCS value because that is 

only very occasionally scored.  

1. The GCS value: This threshold value can, according to the data analysis, be removed because it is 

seldom scored and has, when scored, no influence on the outcome of the process.  

The deviations that still occur are captured in Table 14. This table shows that the highest number of 

patients with a single deviation is on the Propofol criteria. But as concluded before these patients can 

be seen as a special case in which the patient already triggers a breathing response and is then 

switched to ASB ventilation (de Winter 2013). Off course 100% patient compliance is the best possible 

achievement in this case but to achieve this, the threshold values need to be changed with very high 

percentages. To make sure that values are not changed to crazy numbers a maximum of 5% deviation is 

opted for a single value. This 5% is confirmed as being viable by the involved stakeholders. Taking this 

5% into account as well as the numbers of Table 14 there are only a two improvement options left:  

2. The P/F ratio:  Changing the P/F ratio with -2,5% (from >27 to >26,33) decreases the number of 

errors from 3 to 1.  

3. The temperature: Changing the temperature with as little as 0.05% (from 36°C to 35,82°C) 

decreases the number of errors van 3 to 1.  

Furthermore there are no more options that can be considered for improving the protocol in the BIPAP 

phase due to the high changes that should then be made. The overall result of these 2 improvements 

would lead to a patient compliance of 53 patients which means 83,08% compliance rate for the BIPAP 

stage. The compliance to the original protocol was 76,92% which means an increase of 6,15% 

compliance. 

9.1.2 ASB ventilation criteria 

Looking at the results of the analysis in Table 15, it can be seen that besides the large number of missing 

data there are only 13 patients that are fully non-compliant to the threshold values. The high number of 

failures comes from the criteria related to the 20% RR change. This means that the respiratory rate (RR) 

of a patient has changed by 20% or more. Directly interpreting this 20% results in 28 errors.  
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The reason why this number of errors is so high is because of the absolute deviation that sometime 

occurs. When a patient goes from RR 10 to a RR of 12 it means a deviation of 20%. However this change 

is relative small in real life and would not result in signs of instability. Therefore a redesign is developed 

that can cope with these small absolute changes.  To be able to remove most of the deviations on the 

RR>20% there are 2 possibilities. On the one hand the percentage can be changed and on the other 

hand the percentage can be changed to an absolute deviation. An overview of both measures and their 

results on the number of errors can be seen in appendix XX. This results for the case with low absolute 

change is that the number of errors even increases as compared to the original situation. This is because 

the 20% of higher values results in higher absolute values. Therefore both options are not useful for 

improvement. 

4. RR >20% can be improved with the combination of both available possibilities. In this case the 

absolute number will be used for breathing values below 20 and percentage values for breathing 

values higher than 20. The threshold value of 20 is chosen because the average required breathing 

frequency of a human being is between 10 and 30. The absolute number that is chosen is 4 

because this is 20% of the average of 20 breathings per minute. The percentage for values above 

20 as a frequency will be maintained on 20%.  

Applying this mixed criterion results in a total of 12 deviations with 7 deviations for the lower 

frequencies and 5 for the higher frequencies. These 12 deviations are a decrease of 16 deviations as 

compared to the current state. Using the mixed criterion increases the patient compliance in the middle 

section with 24,62%.  

9.1.3 Extubation criteria 

The extubation criteria that need to be checked for a patient at the end of the process are the cause for 

many deviations in the current dataset. First of all the GCS is mentioned as one of these values but for 

most patients it has not been scored. Therefore the GCS can be left out of the improved protocol for this 

type of patients on the F3 department. Furthermore as found by De Winter (2013) the temperature of 

36.0° Celsius needs to be added as a criterion in the improved protocol. The results of the deviations 

from the extubation criteria can be found in Table 16 and Table 17. As can be seen most deviations 

occur on the PCO2 and pH criteria. As with the BIPAP, the changes will range to a maximum of 5% 

because otherwise the values would become unrealistic. The changes on the criteria are varied and the 

best results are presented. 

5. Extending the range of the pH with 1% from 7.30 to 7.50 to 7.22 to 7.58 removes all 16 errors 

which massively improves patient compliance. 

6. Decreasing the temperature with 0,5% to 35,64 decreases the number of errors from 3 to 1. 

7. Increasing the PCO2 by 5% to ≤6.3 decreases the number of errors from 13 to 7.  

Changing other criteria with values up to 5% would not result in a decrease of errors. This is because all 

those deviation values exceed the 5% differences from the threshold value. Overall it can be seen that a 

small change is some of the most common deviations can result in massive compliance improvements. 

When for example the PCO2 of 5% will be chosen as well as the 1% for pH and temperature the 

compliance increases from 58,46% in the current situation to 80.0% with an improved protocol. This is 

an improvement of 21.54% as compared to the current situation. 
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9.2 Route enhancements 
With the improvements that could be made on the threshold values of the protocol created in the 

previous section, the other type of improvement that can be made is the adding of new  routes in the 

protocol. These routes are currently unavailable but the analyses in chapter 8 have reported that these 

routes are used by one or more patients. 

1. BIPAP check repeatability. When looking at the original protocol of appendix II it seems that the 

“daily check” is carried out only once and that when a patient fails the test he will never leave 

the BIPAP ventilation. In reality this test is repeated several times for a patient before the test is 

completed and the criteria achieved. The new route 

is shown in Figure 12. The newly added red arrow 

makes sure that the patient can be tested over and 

over again after failing the check. 
Figure 12: New route from BIPAP ventilation 

2. From checking the breathing frequency back towards the BIPAP ventilation which can be seen in 

Figure 13. This route has been derived from the process mining results, displayed in Figure 11. All 

additions that have been made as compared to the current protocol are marked in red to show the 

new behavior in a more clear way. Everything that is not marked red is part of the original protocol. 

The current route that can be seen from the “ΔP > 20 cm H2O” to “BIPAP ventilation” is not changed 

even though no traces can be found in the data. This is because this route represents the SBT route. 

These small tests are unfortunately not saved in the data but it has been medically confirmed that 

these tests do take place in practice. The new route is added because none of the patients that 

changed from ASB to BIPAP ventilation had a P-ASB pressure exceeding 20.  

 

 

 

 

 

 

 

 

 
Figure 13: New routes from breathing frequency Figure 14: P-ASB iterative process improvement

3. The P-ASB pressure process. The current protocol only allows for a decrease of the P-ASB pressure. 

The process mining analysis of chapter 8 also showed patient with an increase in the P-ASB values 

as well as a lot continuations of the P-ASB value (Figure 11). To be able to accommodate this, an 

improvement is required. This improvement would first of all show all the possible options as well 

as a more iterative approach to the decrease of the P-ASB pressure. An overview of the possible 

improvement can be seen in figure 13. As before, the new events as well as routes are added in red 

to separate them clearly from the current protocol. As can be seen the route that allows the P-ASB 

to be raised can only be done with a consultation.  
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This is because the increasing of this pressure is not a standard operation and it only happened 

once in the current dataset. But because even with such a small patient population the route was 

used, it is shown in figure 13. This third improvement option also takes care of another type of 

route issue that was discovered in the process mining analysis. In those cases a patient received 

ASB ventilation for longer than just a SBT and after this ASB ventilation still went back to BIPAP 

ventilation. With this iteration a patient is always checked again at the breathing frequency from 

which the patient can go back to BIPAP ventilation after a consultation. This can be also seen in 

Figure 14 which can be connected to Figure 13 to go back to the BIPAP ventilation. 

4. The final route improvement that can be made is at the 30 minute deviation check. Currently a 

patient that fails the check will be reinstated into the beginning 

of the ASB ventilation. However this route is not representable 

for the discovered situation. In most cases the check is reinstated 

after one of the fluctuations have been found. This can be 

improved by adding a line that loops back from this deviation 

check into the “P-ASB 6” event. An overview of this deviation 

loop can be seen in Figure 15. The loop is not directly connected 

to the deviation check because that would remove the possibility 

to go back to the start of the ASB phase.  
 

Figure 15: 30 min deviation loop improvement 

The changes that have been proposed in this chapter cannot be directly entered in the new protocol. 

This is because some of the changes that are proposed are adjustments on medical values. The risks of 

these medical adjustments cannot be judged on usefulness and correctness by the researcher due to the 

lack of domain knowledge. To overcome this issue, chapter 10 will evaluate the improvements 

suggested in this chapter. The proposed new protocol can therefore not be displayed before this 

evaluation has taken place. After chapter 10, the newly proposed protocol will be displayed.  
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10. Expert evaluation of results 
The improvements that have been made are created using only data. It could therefore be that a change 

is recommendable from a data point of view but not from a medical point of view. Therefore a balance 

is required. There are 6 improvements on the threshold values of the protocol and 4 improvements on 

the routes as concluded in chapter 9. All proposed improvements have been discussed with the medical 

stakeholders to discuss the impact on both the process and the patients. Colors have been added to 

show the outcome of the discussion. Red cannot be used, green can be used and orange is used after an 

adjustment proposed by the medical stakeholders. 

1. GCS: The improvement was to discard the GCS score from the protocol. However the medical 

stakeholders reported that without a correct GCS score the process would not proceed. This is both 

in the BIPAP as well as in the extubation phase. The GCS score is therefore very essential from a 

process point of view and cannot be discarded from the protocol. The GCS score is an objective 

measurement by the treating nurse. The score itself is an indication whether the patient is capable 

of continuing the process. The score is not registered because when the decision is made that 

allows the patient to continue, the score is always sufficient to make the decision.  

2. P/F:  The 5% change regarding the P/F ratio was not threatening to the well-being of the patients 

and can therefore be used in the new protocol.  

3. Temperature BIPAP/ASB:  The temperature was first of all added to the protocol. However the 

decrease below 36°C was not a good new threshold value. According to the medical stakeholders a 

low temperature can be used to proceed in the protocol when a patient demonstrates a 

progressive temperature increase over time. The 36° value should therefore just be added but not 

changed. The trend of the temperature is even more important that the absolute value.   

4. RR>20%: The number of errors that were made on the RR>20% indicated to the medical 

stakeholders the irrelevance of the criteria. This is because the high number of errors had no effect 

on the outcome of the process. This new criterion allows for better fluctuations in the respiratory 

rate and can therefore be incorporated in the new protocol. 

5. pH:  Changing the pH of the patients was needed because the large number of errors. The decrease 

change was made to 7,22 but: “7,22 would make a process stakeholder nervous” according to the 

medical stakeholders. This is because 7,22 is just too low to be safe. According to the US national 

library of medicine, a low pH value can result in poor organ function, respiratory failure and even 

Shock when breathing without support. They recommended changing to it 7,25 which is in 

accordance to the articles by MacIntyre et al. (2001) and Epstein (2013b). For this criteria, the 

observation of the trend of the pH value is even more important than the absolute value which 

implies a different interpretation of the pH value.  

6. PCO2:  The change of this value was fine and could be incorporated in the new protocol directly. 

 

For the route enhancements: 

1. BIPAP loop: The BIPAP loop was just a cosmetic change and was considered a good addition to the 

current protocol. This loop allows for more BIPAP testing in the model which mirrors the observed 

situation in a better way. 
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2. Breathing frequency: This route was very interesting from a medical point of view. Because a 

number of patients actually use this route there was no resistance in adding this route to the new 

protocol. According to the stakeholders the route could be explained by the dose of medications 

received by the patients. These medications help in meeting the required threshold values of the 

BIPAP ventilation but do not help in the breathing support. Therefore these patients were unable to 

provide enough breathing support and must go back to the BIPAP ventilation. When the breathing 

frequency is too low, the CO2 stacks which is dangerous for the patients. 

3. P-ASB: The medical stakeholders knew that a decrease of P-ASB was not always possible, but an 

increase was new to them. The suggested improvements of the P-ASB pressure represent, 

according to the stakeholders, the discovered situation in a better way. 

4. 30 minute stable: This smaller loop represented the situation in a better way than the long route 

back to the start of the ASB according to the medical stakeholders.  

10.1 Medical literature discussion 
First of all there are the characteristics of the populations that have been used. According to Shen et al. 

(2011), there are fewer females, in general, admitted to the mechanical ventilation. This can be 

confirmed by both the general performance (26.9% female) and the data conformance (30.8%) as 

shown in Table 3. Furthermore the higher the age, the less likely female patients are admitted to the 

mechanical ventilation (Fowler et al. 2007). The average age of the databases is higher than 67 which 

confirms both the articles of Shen et al. (2011) and Fowler et al. (2007).  

The performance which has been established in both the general performance and the route 

conformance analysis (Table 8 & Table 18) show the current duration of the Weaning process. The 

duration cannot be related to literature because all weaning duration studies found rely on >48 hours 

Weaning duration (for example Jean-Benoit et al. 1995). The performance that has been measured has 

been presented to the medical stakeholders and received as very interesting. The duration of the ASB 

ventilation was nearly equal in both datasets which indicates that the actual ASB ventilation is near and 

about 1,5 hours. The length of the BIPAP ventilation and time to reach 36°C had large variances between 

the databases. The actual performance is therefore open for discussion. However due to the details of 

the data as well as the higher log frequency the results that were measured in the route conformance 

analysis appear to be more realistic to both the researcher and the stakeholders. 

The study by Fowler et al. (2007) resulted in shorter ventilation duration for females as compared to 

males. However Fowler et al. (2007) only used long ventilation (> 48 hrs.) times compared to this study, 

meaning a very different population which means that the results of these studies cannot be compared. 

Even so, this study found no differences in duration of the Weaning process for different genders. 

According to Heunks (2010) the weaning of COPD patients is more difficult as compared to non-COPD 

patients which could indicate longer weaning processes. According to the analysis of the route 

conformance(appendix XVI), COPD patients do not have any longer Weaning durations. This is tested on 

8 patients with the lowest degree of COPD meaning that other studies with more COPD patients should 

investigate this indication further. 

According to Epstein (2013b), up to 30% of the patients never meet the stated extubation threshold 

values of the Weaning protocol but can still be successfully weaned, because of the subjective nature of 

the criteria.  
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This claim should be rejected for this study because for the extubation criteria nearly 50% (Table 16) of 

the patients fail to meet the extubation threshold values. However when taking the improvements of 

chapter 9 into account both the BIPAP as well as the extubation criteria are met for more than 70% of 

the patients which confirms the claim made by Epstein (2013b). A patient is always judged (subjective) 

by the treating staff and therefore the decisions that are made can deviate from the protocol because 

they are beneficial for the patient. Therefore a full 100% patient’s compliance to the protocol will never 

be possible. 

Studies that relate to the performance of the Weaning protocol compare the use of a protocol against 

the insights of the treating staff. This shows that the actual use of a protocol decreases the overall 

Weaning duration (e.g. Ramachandran et al. 2005). The reason for improvement can be seen in the 

advantages sketched by Chang et al. (2012) which are for example the reducing of unnecessary 

variability in care, educational aid and the decreasing of errors.  The use of a protocol also has 

disadvantages such as the potential to become obsolete when not kept up to date. The improvements 

that have been found in this study make sure that the protocol stays up to date which discards the 

discussion about the obsoleteness of the Weaning protocol. Another disadvantage from Chang et al 

(2012) which is also reported by Epstein (2013a) is that the protocol should not be used on 

inappropriate patients. This implies that one protocol can never be sufficient for the entire patient 

population. Unfortunately due to the limited database size this could not be researched in this study. 

Future studies should make sure that different protocols are made for different patient groups. This 

should increase the overall patient’s compliance as well as remove the disadvantage from Chang et al 

(2012). The results of the number of Weaning failures that could be retrieved from the data will 

certainly be higher in practice according to the medical stakeholders. This is because the actual test is 

not entered in the data. The question itself is very interesting but unfortunately the data does not allow 

for more extensive analysis.  

10.2 Recommendations for better analysis 
The transfer of the data is as discussed by Mans et al. (2009) always a critical and difficult point in the 

process mining process. To ease this transformation in the future, even with a good and usable data 

present, the list of recommendations should help to eliminate all existing discrepancies between the 

required data and the existing data. The data that has been gathered for the conformance analysis 

contains the data of 65 patients. However the data analysis reported a lot of missing (key) data which 

could lead to wrong interpretations. Therefore a number of recommendations are created for the 

medical stakeholders to make sure that other data research on the ICU does not have the same kind of 

missing data. 

1. Log consistency time (30 min): On the F3 department the goal is to save each 30 minutes and this is 

currently not the case in the current situation. This results in a less accurate analysis which is not 

desirable in future studies. 

2. All values updating: When saving the data there are cases in which some values such as medication 

or key patient values are not entered even when other values are saved. So the recommendation is 

to save every value when saving data. 
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3. P/F ratio: The p/f ratio is an important value of the protocol for the first criteria analysis but seldom 

calculated even with both other variables present. My advice is the implementation of an 

automatic calculation of the value to make sure the criteria can be correctly used.  

4. SBT reporting:  The SBT is a key decision moment in the Weaning protocol but is not reported. The 

action is small but should be logged in order to make sure that all stakeholders know that the test 

has been carried. The results of these tests can then be examined in future research. 

5. Consulting reports: The protocol states several doctor consultations that can be used. When a 

doctor consultation is made, the results are interesting to analyze. Therefore the time a 

consultation has taken place as well as the respective outcome should be saved. 

6. Save all changes of key values: As mentioned before all patient values should be entered each 30 

minutes. Furthermore it is desirable to save key value changes such as changes in the P-ASB 

pressure, because this allows for more detailed analysis in future studies. 

7. Ventilation methods: There are several variations in the ventilations methods. Standardize the 

methods to make sure that everyone uses the same standards which allows for a more easy 

translation and interpretation of the data. 

8. Observations of trend: Some of the threshold values of the protocol are not seen as solid values. 

Examples are the pH and the temperature. In these cases the trend is more important than the 

actual value. So when a deviation decision is taken based on the trend observation, it should be 

saved. 

10.3 Medical conclusion 
In section 1.2, a number of studies were described that analyze a medical process using data of some 

sort. This study can be added to this list because no process mining study was analyzed patient routes in 

a medical treatment processes before. The results that have been found have delivered, according to 

the medical stakeholders, very interesting insights as well as improvements to keep the current protocol 

op to date. The study has resulted in the current performance of the Weaning process. Up to this point 

this performance was not known by the medical stakeholders. Furthermore it has helped in gaining 

insight into strange cases, strange data and other variations in data that are , according to the current 

protocol, not allowed. Actions can be taken in the future to address these cases. Furthermore the study 

has shown the Weaning process that currently exists on the ICU department. This process was different 

from the protocol which allowed for some practical improvements. These improvements make sure that 

the protocol is updated to represent the patient population in a better way.  

 

The actual result of the improvements on the compliance are not determined in this study. The 

influence of these improvements on the patients is taken care of by the medical validation of the new 

threshold values. When a change was considered too dangerous it was changed or removed. This makes 

sure that the new values do not have an impact on the wellbeing of the patients in the process. The 

actual application of the techniques is something that can be done by a medical researcher but a 

business researcher has more knowledge of the required translation and is therefore more appropriate 

for conducting this type of research. Overall the stakeholders found the improvements very interesting 

and are very keen to implement and test them in a future study. The new protocol is shown in Figure 16. 
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Figure 16: Improved, evaluated new proposed Weaning protocol 
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11. Conclusions and limitations 
In this final chapter the research will be concluded with limitations and directions for future research 

alongside a small reflection on the overall research.  

11.1 Conclusions 
The goal of the study was not only to apply the concept of process mining on a medical treatment 

process but also to use the results to optimize and improve a medical protocol. So far and to the best of 

our knowledge no studies have addressed the application of process mining on a medical treatment 

processes. This implies that there are both practical as well as scientific conclusions. 

 

Looking back at the goal that has been set in the first chapter it can be concluded that a medical process 

can be analyzed and improved by using a combination of data analysis and process mining. However to 

accomplish this goal a multitude of problems and assumptions must be overcome. This is in a sense not 

different to any other process mining study but for the medical treatment process some extra issues 

popped up. One of which is the nature of the database. The PDMS database is not made up of 

sequential events but of sequential process state entries which makes process mining more difficult 

because more assumptions are required to make the transition. This could have its effect on the 

reproducibility of this study on other medical processes. The process state changes do contain more 

information about the process, but more information could lead to better results in future studies. An 

example for this is the decrease of P-ASB pressure which could happen in 5 or 10 minutes. 

 

This study is the first in examining and improving the patient routes in a medical treatment process 

using process mining. The improvements that have been found using the (automated) process mining 

technique should now be tested in a future study to see whether they actually lead to a higher patient 

compliance. However to come to these improvements a close collaboration with the domain experts is 

required. To achieve the best results, the collaboration in the forming of the analysis questions and 

intermediate validation is the most important. Without these steps, the probability exists that the 

results are meaningless for the domain experts and no benefits are gained. 

 

In this study the main focus has always been on the process mining results. However during the study it 

was concluded that data analysis could also deliver very valuable insight into the state of the process. In 

this research the data analysis techniques are used in the general performance and data conformance 

analyses. The analyses that have been made in the data conformance analysis could also be done using 

process mining, only then transformed data would be used which could contaminate the results. It must 

therefore be concluded that process mining in itself is not sufficient in fully analyzing a medical protocol. 

On the other hand, data analysis techniques could be used to find the route conformance of the route 

conformance analysis. However without the automated process mining tool it would result in checking 

row by row, patient by patient for discrepancies as compared to the protocol. When the database was 

made up of sequential events the data analysis aspect could be replaced by process mining but because 

that is not the case it must be concluded that the best way of analyzing a medical protocol is by the 

combination of data analysis and process mining techniques as exercised in this study. 
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This study has used both the heuristic and the fuzzy miner for the process analysis. It is concluded that 

the heuristics miner is not able to show all low frequent behavior which makes it difficult to use for 

extension/improvement research in the medical domain. The fuzzy miner is able to show this behavior 

but must be accompanied by the Conformance Checker to make sure that all discrepancies are found 

between the original process and the acquired event log. 

11.2 Limitations & future work 
Obviously, this research also has its share of limitations which show directions for future research. The 

conformance datasets considered 65 cases which makes it difficult to generalize the results. Future 

studies should examine the same process with a larger population. This would also allow the results  of 

the proposed improvement on the patient compliance to be tested in practice. The results of that study 

would answer the question whether process mining on medical treatment data could (automatically) 

deliver useful improvements. Due to the small size of the new database the differences in routes 

between various patients groups could not be investigated. A larger database should also help in 

identifying these differences which should lead to more Weaning protocols for different patient groups.  

Currently only the short Weaning process has been investigated with the use of process mining. With 

this positive result also the long Weaning process (> 72 hours) as well as more ICU processes can be 

investigated with the use of process mining. The processes are very differently on the other 

departments of the ICU which offer a great research opportunity. Future process mining studies are able 

to take more departments or even more hospitals into account. This allows for the comparison of 

performance as well as the sharing of best practices and will lead to interesting discussions between the 

treating staff. 

 

Due to the availability of time the conformance checker could not be used in this research. This has 

limited the knowledge of the number of deviations that has occurred. With the use of the Heuristics and 

the fuzzy miner several deviations were found but without the use of the conformance checker it can 

never be made sure if all deviations have been found. This implies that future process mining studies 

that require all deviations to be mapped should use the conformance checker. The final limitation is also 

the result of the late availability of the database. The initial goal was also to investigate data relations 

within the data. This could not be done but is an interesting direction for future research. This type of 

study on the short Weaning process could deliver an answer to the question which predictor is the best 

in estimating Weaning readiness for example.  

11.3 Research reflection 
This research has shown, even with the difficulties sketched by Mans et al. (2008) and Rebuge & Ferriera 

(2012) that process mining is an adequate technique to use when trying to analyze and improve a 

medical protocol. Off course there are difficulties and problems along the road, but these can be timely 

solved by close collaboration with the medical domain. Therefore I think that the results of this study 

show the way forward for extending the possibilities in analyzing and improving processes in the 

medical domain using process mining. I hope that this first test in applying process mining on the routes 

in a medical treatment process was certainly not the last considering the interesting results the 

technique could deliver to the medical domain. 
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Appendices 

Appendix I Event log example 
Process mining tries to capture the current processes by: “the automatic construction of models 

explaining the behavior observed in event logs” (Van der Aalst et al. 2007). Event logs are files that 

contain information about process executions and its contexts (Van der Aalst et al. 2007). An example of 

an event log can be seen in Table 19. 

Case id Activity id Originator Timestamp 

case 1 Activity A John 9-3-2004 15:01 

case 2 Activity A John 9-3-2004 15:12 

case 3 Activity A Sue 9-3-2004 16:03 

case 3 Activity B Carol 9-3-2004 16:07 

case 1 Activity B Mike 9-3-2004 18:25 
Table 19: Example of event log 

Besides the executed processes, event logs can contain additional information such as the performer, 

originator, the execution times, or data elements recorded with the event (Van der Aalst et al. 2008). In 

table 1 it can be seen that case 1 first has activity A performed by John on 15:01 and activity B by Mike 

on 18:25. All data that is required in the log is ordered in a perfect fashion to facilitate an easy process 

model extraction.   
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Appendix II Original Weaning protocol 

 

Figure 17: MUMC Weaning protocol <72 hr. 
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Appendix III Detailed results general performance analysis 

 
Figure 18: Detailed BIPAP duration overview 

 

 
Figure 19: Boxplot BIPAP ventilation 

 
Figure 20: Detailed ASB duration overview 
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Figure 21: Boxplot ASB duration 

 
Figure 22: Detailed total ventilation duration overview 

 

 
Figure 23: Boxplot ventilation duration 
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Figure 24: Detailed temperature duration overview 

 
Figure 25: Boxplot temperature duration 
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Appendix IV Conditions for applying regression 
According to the book by Field (2009) there are several assumptions that need to be met in order for the 

regression results to be interpreted correctly. Each of the assumptions is presented with a short 

explanation. 

No multicollinearity  

To make sure that there is no multicollinearity in the data the Variance Inflation Factors (VIF) are 

calculated. Multicollinearity is the case when 2 or more variables that are required for the regressions 

highly correlate with each other. According to Field (2009) values smaller than 10 indicate No 

multicollinearity. In this case this means that the assumption is met because the VIF values in the most 

right column are all below 10. 

 
Table 20: Variance Inflation factors simple regression 

Homoscedasticity 

The second assumption is the assumption of Homoscedasticity. This means that the variances of the 

errors should be randomly distributes. This assumption can be checked by plotting the standardized 

residuals and the standardized predicted values against each other. This should then look like a random 

array of dots. In the figure below the plot is shown and it can be seen that the plot is not very random. 

Therefore it is hard to meet this assumption. However according to Field (2009), large sample sizes 

make it easy to violate this assumption.  

 
Figure 26: Error plot simple regression 

Coefficients
a
 

Model Unstandardized Coefficients Standardized 

Coefficients 

t Sig. 95,0% Confidence Interval for B Correlations Collinearity Statistics 

B Std. Error Beta Lower Bound Upper Bound Zero-order Partial Part Tolerance VIF 

1 

(Constant) 15,720 1,434  10,964 ,000 12,904 18,536      

Y_2009 2,286 1,856 ,055 1,232 ,218 -1,359 5,931 ,115 ,050 ,047 ,741 1,349 

Y_2010 2,305 1,869 ,056 1,234 ,218 -1,365 5,975 ,083 ,050 ,047 ,720 1,389 

Y_2011 -1,004 1,184 -,039 -,848 ,397 -3,330 1,321 -,016 -,034 -,033 ,701 1,426 

Age &lt;40 5,743 3,099 ,072 1,853 ,064 -,343 11,829 ,095 ,075 ,071 ,969 1,032 

Age &gt;75 -,378 1,059 -,014 -,357 ,721 -2,459 1,703 -,008 -,015 -,014 ,955 1,047 

weight &lt;65 ,577 1,451 ,016 ,397 ,691 -2,274 3,427 ,047 ,016 ,015 ,928 1,077 

weight &gt;90 -,802 1,171 -,028 -,685 ,494 -3,102 1,499 -,009 -,028 -,026 ,874 1,144 

Length &lt;150 -4,109 2,746 -,058 -1,496 ,135 -9,501 1,284 -,066 -,061 -,057 ,981 1,020 

Length &gt;185 ,980 2,012 ,020 ,487 ,626 -2,971 4,931 ,069 ,020 ,019 ,899 1,112 

temp &lt;10 -5,307 1,279 -,214 -4,150 ,000 -7,818 -2,795 -,289 -,166 -,159 ,552 1,812 

temp &gt;10 4,532 1,739 ,119 2,606 ,009 1,117 7,947 ,210 ,105 ,100 ,700 1,429 

a. Dependent Variable: Total time 
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Independent errors 

The third assumption that needs to be met are independent errors. The error of a score is the difference 

from the mean to the value of that particular score. To check this assumption the Durbin-Watson test 

should report a value close to 2. Looking at the table below it can be seen that this is the case and 

therefore this assumption is met. 

Model Summary
b
 

Model R R Square Adjusted R 

Square 

Std. Error of the 

Estimate 

Durbin-Watson 

1 ,334
a
 ,112 ,095 11,6701168 2,059 

a. Predictors: (Constant), temp &gt;10, Length &lt;150, Age &lt;40, Y_2011, weight 

&gt;90, Age &gt;75, weight &lt;65, Y_2009, Length &gt;185, Y_2010, temp &lt;10 

b. Dependent Variable: Total time 
Table 21: Durbin-Watson test simple regression 

Errors are distributed normally 

The fourth assumption makes sure that the errors are normally distributed. This can be tested in two 

ways. First of all by plotting the residuals with their frequency and cumulative distribution. This should 

indicate whether the assumption can be met. Besides the plot, a Kolmogorov-Smirnov test should show 

a non-significant value (higher than 0.05). Looking at the test statistic in the table below it can be seen 

that this assumption is not met. However according to Field (2009) a sample size greater than 600 

always meets this assumption. This is because large sample sizes influence these test statistics. 

Therefore this assumption is also met. 

 
 

Tests of Normality 

 Kolmogorov-Smirnov
a
 Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

Standardized Residual ,211 617 ,000 ,765 617 ,000 

a. Lilliefors Significance Correction 
Figure 27: Test of normality simple regression 
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All relevant predictor variables  & Linearity 

The final assumption are to make sure that all relevant variables are included. This cannot be tested by 

any statistic but in this case there are no more predictors to be entered in the model. Therefore it is 

made sure that all relevant variables are added. Finally the assumption of linearity also looks at the plot 

of residuals and their expected values Figure 26. When the dots in the plot can be arranged in a wave or 

curved funnel the assumption of linearity is not met. The dots in this figure cannot be arranged in these 

ways and therefore this assumption is also met. 
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Appendix V Simple group regression results 
The results of the regression are represented in the tables below. Each of the relevant columns will be 

shortly explained to help the interpretation of the tables: 

 B: Magnitude of the difference as compared to the base model. This means that the B-value 

indicates whether there is a positive or negative relation of the predictor. Take for example 

Y_2009, the B value is 0.636 meaning that in that year the Weaning process was on average 

0.636 hour longer. 

 T: Value that is calculated for the predictor. This value needs to be calculated using a t-

distribution which results in the sig. value 

 Sig.: This value indicates whether the impact of the predictor is significant or not. A value 

smaller than 0.05 indicates that there is a difference between the base model and the 

predictor. As can be seen in the table of the BIPAP results the age &lt;40 has a significance of 

0.022 indicating a significant difference. 

 Conf. interval: These values indicate the confidence interval of the B value. 

 Other columns: all other columns are not relevant in the interpretation of the results of the 

regression results. 

BIPAP results 

 
Table 22: BIPAP results simple regression 
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ASB results 

 
Table 23: ASB results simple regression 

Temperature results 

 
Table 24: Temperature results simple regression 
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Total Ventilation time results 

 

Table 25: Total ventilation duration results simple regression 

  

Coefficients
a
 

Model Unstandardized Coefficients Standardized 

Coefficients 

t Sig. 95,0% Confidence Interval for B 

B Std. Error Beta Lower Bound Upper Bound 

1 

(Constant) 15,333 1,759  8,715 ,000 11,878 18,788 

Y_2009 2,304 1,858 ,055 1,240 ,215 -1,345 5,953 

Y_2010 2,298 1,870 ,056 1,229 ,220 -1,375 5,971 

Y_2011 -1,010 1,185 -,039 -,852 ,394 -3,337 1,317 

Age &lt;40 5,791 3,104 ,073 1,866 ,063 -,304 11,887 

Age &gt;75 -,295 1,082 -,011 -,273 ,785 -2,421 1,830 

weight &lt;65 ,759 1,530 ,021 ,496 ,620 -2,245 3,764 

weight &gt;90 -,820 1,173 -,029 -,699 ,485 -3,124 1,484 

Length &lt;150 -3,818 2,852 -,054 -1,339 ,181 -9,419 1,783 

Length &gt;185 ,897 2,025 ,018 ,443 ,658 -3,080 4,874 

temp &lt;10 -5,306 1,280 -,214 -4,146 ,000 -7,819 -2,793 

temp &gt;10 4,551 1,741 ,120 2,614 ,009 1,132 7,970 

Male ,461 1,213 ,017 ,380 ,704 -1,921 2,843 

a. Dependent Variable: Total time 
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Appendix VI Advanced regression assumptions 
According to the book by Field (2009) there are several assumptions that need to be met in order for the 

regression results to be interpreted correctly. Each of the assumptions is presented with a short 

explanation. 

No multicollinearity  

To make sure that there is no multicollinearity in the data the Variance Inflation Factors (VIF) are 

calculated. According to Field (2009) values smaller than 10 indicate No multicollinearity. In this case this 

means that the assumption is met. 

 
Table 26: Variance inflation factors advanced regression 

Homoscedasticity 

The second assumption is the assumption of Homoscedasticity. This assumption can checked by plotting 

the standardized residuals and the standardized predicted values against each other. This should then 

look like a random array of dots. In the figure below the plot is shown and it can be seen that the plot is 

not very random. Therefore it is hard to meet this assumption. However according to Field (2009), large 

sample sizes make it easy to violate this assumption.  

 
Figure 28: Error plot of advanced regression 
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Independent errors 

The third assumption that needs to be met are independent errors. To check this assumption the 

Durbin-Watson test should report a value close to 2. Looking at the table below it can be seen that this 

is the case and therefore this assumption is met. 

Model Summary
b
 

Model R R Square Adjusted R 

Square 

Std. Error of the 

Estimate 

Durbin-Watson 

1 ,233
a
 ,054 ,022 12,1326950 2,015 

a. Predictors: (Constant), Long_heavy, Male_old, Male_short, Short_light, Young_light, 

Old_light, Female_heavy, Young_long, Male_light, Old_short, Young_heavy, Old_long, 

Male_heavy, Male_young, Old_heavy, Female_old, Female_light, Female_short, 

Female_young, Male_long 

b. Dependent Variable: Total time 
Table 27: Durbin-Watson test advanced regression 

Errors are distributed normally 

The fourth assumption makes sure that the errors are normally distributed. This can be tested in two 

ways. First of all by plotting the residuals with their frequency and cumulative distribution. This should 

indicate whether the assumption can be met. Besides the plot a Kolmogorov-Smirnov test should result 

a non-significant value. Looking at the test statistic in the table below it can be seen that this assumption 

is not met. However according to Field (2009) a sample size greater than 600 always meets this 

assumption. This is because large sample sizes influence these test statistics. Therefore this assumption 

is also met. 

 

Tests of Normality 

 Kolmogorov-Smirnov
a
 Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

Standardized Residual ,240 617 ,000 ,688 617 ,000 

a. Lilliefors Significance Correction 
Figure 29: Test of normality advanced regression 
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All relevant predictor variables  & Linearity 

The final assumption are to make sure that all relevant variables are included. This cannot be tested by 

any statistic but in this case there are no more predictors to be entered in the model. Therefore it is 

made sure that all relevant variables are added. Finally the assumption of linearity also looks at the plot 

of residuals and their expected values Figure 28. When the dots in the plot can be arranged in a wave or 

curved funnel the assumption of linearity is not met. The dots in this figure cannot be arranged in these 

ways and therefore this assumption is also met. 
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Appendix VII Advanced group regression results 
The interpretation of these tables is done in the same way as in appendix IV. In this case the confidence 

intervals are not displayed for clarity reasons. 

BIPAP 

 
Table 28: BIPAP results advanced regression 

ASB 

 

Table 29: ASB results advanced regression 
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Temperature 

 

Table 30: Temperature results advanced regression 

Total Ventilating time 

  

Table 31: Total ventilation duration results advanced regression 
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Appendix VIII ICCA data contents 
time ID age sex data HF Rhythm breath 

freq 
O2 
saturation 

Temp T1 Temp T2 Temp 
T3 

11:30 1 70 man 17-jun 76 PACED A 16 99 35,6 32,4  

12:00 1 70 man 17-jun 76 PACED A 16 100 35,4   

12:30 1 70 man 17-jun 76 PACED A 16 100 35,7 33  

 

ABP 
Systolic 

ABP 
diastolic 

ABP 
MAP 

NIBD 
systolic 

NIBD 
diastolic 

NIBD 
MAP 

NIBD BD-
location 

PAP 
systolic 

PAP 
diastolic 

78 56 60       

102 64 77       

109 65 61       

 

PAP 
Mean 

CVD weight AaDO2 PaO2/FiO2 PH pCO2 pO2 Act. 
Bicarbonate 

Total 
CO2 

Base 
Excess 

 9 78,5         

 10 78,5         

 7 78,5         

 

stand. 
Bicarbonate 

SaO2 mode FiO2 ASB tidal 
volume 

VT T-
inst 

frequency rise 
time 

P-
insp 

Peep P-
ASB 

  BIPAP 40    1,5 16 0,2 16 8  

  BIPAP 35    1,5 16 0,2 16 8  

  BIPAP 35    1,5 16 0,2 16 8  

 

flow 
trigger 

compensatio
n 

freq 
(gem) 

P-
peak 
(gem) 

P-
plat 
(gem) 

P-
mean 
(gem) 

PEEP 
(gem) 

FiO2 
(gem) 

MV 
(gem) 

Vte 
(gem) 

VT/ideaal gewicht 

(gem) (ml/kg) 

5  16 17  11 8 40 8,2 0,502 6,68 

5  16 16  11 8 40 8,3 0,505 6,72 

5  16 16  11 8 35 8,3 0,524 6,98 

 

etCO2 (gem) Peepi (gem) Net liquid balance 
(ml) 

GCS COPD Desmopressine Transaximinezuur 

         1035   0 0 

       Table 32: ICCA data content 
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Appendix IX Extra analysis data conformance 

Late transitions BIPAP 

The time values from this extended duration range from 30 minutes to as high as 7 hours. This means 

that looking just at the data, a patient would be able to proceed to the ASB phase faster which would 

decrease process duration. This conclusion cannot be made on the nature of the data alone. This 

because the data does not show all patients behavior in real life. According to the medical stakeholder’s 

reasons such as oxygen shortage in the heart is a reason for remaining a bit longer in the BIPAP phase. 

This is because the patient cannot endure the ASB ventilation due to this oxygen shortage. Staying in the 

BIPAP phase for a bit longer than necessary may be unrequired from a process point of view but when 

the decision is made to do so, it would not be taken lightly. Therefore these 13 patient cases are not 

considered errors. These decisions would be interesting to analyze but are not necessary to have for this 

analysis.  

Breathing frequency ASB 

According to the protocol this frequency must lie between the 10 and 30 per minute to continue to the 

ASB pressure decrease. When this value is not met a doctor consultation is required to make a decision 

on the continuation of the ventilation of the patient. The results on 

the number of patients that had a breathing frequency lower that 

the required 10 somewhere in their ASB ventilation can be seen in 

Table 33. There are 3 patients that missed a data entry of breathing 

frequency somewhere in their ASB ventilation. Furthermore there are 17 patients which had a breathing 

frequency lower than 10 somewhere in their ASB ventilation phase. This means that 17 consultations 

would have been required to make a decision on these patients. The actual consultations are not logged 

but the outcomes can be analyzed. Looking at the data it can be concluded that these consultations can 

go two ways. Either the patient remains in the ASB ventilating and the process continues regularly or the 

ventilation method is changed to BIPAP. From the 17 patients only 2 had their ventilation method 

changed to BIPAP, the other 15 remained in the ASB ventilation phase. Both options are considered valid 

when looking at the protocol because of the doctor consultation that is used to make the decision.  

P-ASB end values ASB 

After the breathing frequency has been checked the next step is to decrease the P-ASB value until it 

reaches the required end value of 6. An overview of the final P-ASB values of the patients can be seen in 

Table 34. In the missing values the 4 patients without ASB are present and 4 other patients which did 

not have a P-ASB pressure on the last ASB ventilation data entry. The 8 patients with a P-ASB value of 8 

can be either deviations or inconsistent data. The decreasing of the P-ASB pressure can happen in 5 or 

10 minutes per step, therefore it can happen that the last entry still has a value of 8 whereas the actual 

end value is the required 6. However this cannot be substantiated with the data because no more 

detailed data entries are available. To substantiate this more detailed data should be logged. 

 

 

Table 33: Breathing frequency analysis 

Breathing < 10 # patients 

no score 3 4,61% 

<10 17 26,15% 
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P-asb end  # patients   

6 47 72,31% 

8 8 12,31% 

4 2 3,08% 

Missing 8 12,31% 

 

No 30 minute stability 

When one of the deviations occurred to a patient, a patient cannot be extubated within 30 minutes. This 

is because the stability needs to be established again over the next 30 minutes. However several cases 

exist in which a deviation occurs in the last data entry and the patient is still extubated within 30 

minutes. Table 35 shows the patients that had a deviation within 30 minutes before  the extubation. The 

time shows the time that was available after the last log and before the actual extubation. When looking 

at the table, the RR > 20% (Change in breathing frequency of more than 20%) shows that 6 cases in 

which a deviation has occurred were extubated 15 minutes after the deviation should have been 

detected. The table only shows errors made on the RR > 20% change. This could imply a less strict 

compliance to the RR > 20% change value. There is no medical explanation for these cases and it can 

therefore be assumed that the RR change is not noticed in the correct way but that the impact in 

neglect-able on the outcome of the process. 

 Deviation # patients   time occur time occur time occur 

RR > 20% change 16 24,62% 15 min 6 5 min 1 0 min 2 
Table 35: Deviations directly before extubation 

Temperature analysis 

The final analysis of the middle section protocol is about the blood test that is required at the end. The 

criteria that is measured is whether a patient had his blood tested within one hour before extubation 

(medically confirmed). 47 patients (72,31%) had a final 

blood test whereas 18 patients (27,69%) did not have 

their blood tested before extubation. Furthermore the 

blood of the patients is tested throughout the entire 

ventilation process. The number of blood tests depends 

on various factors like ventilation duration and previous 

blood values. In Table 36 an overview is given about the 

blood tests per patient that are taken during the 

regular process. The end blood test which was 

mentioned earlier is not presented in these statistics. 

This means that the average of 3 blood tests is without 

the final blood test of 72,31% of the patients. 

  

Table 34: P-ASB end values 

blood tests in process # patients   

1 7 10,77% 

2 16 24,62% 

3 24 36,92% 

4 10 15,38% 

5 4 6,15% 

6 3 4,62% 

7 0 0,00% 

8 0 0,00% 

9 1 1,54% 

Avg. 3,046  

median 3  

lower 2,696  

upper 3,396  

Table 36: Blood test statistics 
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Data end 

The official procedure is to set the ventilation machine to “beademing stop”, however not all cases had 

this as final data entry. An overview of the results of this analysis can be seen in Table 37. The discussion 

of all results is done in chapter 9. 

 

  

Ending # pats % 

Stop 37 56,92% 

O2 probe 28 43,08% 

Table 37: Process end analysis 
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Appendix X Created tasks 
A simplified version of the protocol can be seen in Figure 30. This version does not show any routes or 

possibilities but it is shown to easily relate the data to the presented tasks. 

Patient record 

The first task cannot be seen in the protocol but is considered because of the 

start of the process. The patient record event shows the time a patient enters 

the data. This is the actual start of the data entry in the ICCA system.  

Operation blood 

The second event is also still not in the protocol but is considered because it is a 

data entry in the system. This task shows a blood test when a patient 

undergoes an operation. This event is executed when the patient has not yet 

arrived on the ICU. 

BIPAP ventilation, BIPAP/ASB ventilation, IPPV/autoflow ventilation 

The protocol starts when a patient is connected to the ventilation machine. This 

event is not logged but is executed because otherwise a ventilation method 

would not show up in the data entries. Depending on the setting of the 

machine the event can have different values. The duration of the process is 

measured until a new ventilation method is present in the data.  

BIPAP check 

The first task that is executed in the “dagelijkse controle” of the protocol. In 

this step the patient is checked on the criteria of “Noot A”. According to the 

protocol the check is only performed once a day, however the criteria are 

checked continuously. Therefore it is assumed that the BIPAP check is executed 

each time a data entry with BIPAP as ventilation method is logged. The task 

itself has no duration. 

Blood test 1-9 

The blood tests do not show up in the protocol but due to the importance of 

the blood values for the entire process, the tests are considered. The event is 

executed when a blood test is received from the lab. The actual duration of the 

process in real-life is irrelevant for the process and therefore the duration of 

this process is also 0. 

Setup ASB ventilation 

As mentioned in section 6.3.1 there is no trace of an event or data entry 

relating to the “ASB tot Tv 6-8 ml/kg IBW” or “ΔP > 20 cmH2O”. These 2 events 

in the protocol are merged into the setup ASB ventilation task. This task starts 

when the data entry shows an ASB-type of ventilation. The 2 tasks are merged 

because there is no real trace of the events and both tasks are small in nature. 

This task is always executed before the next ventilation method starts after the 

BIPAP ventilation. The actual duration of the setup is 0.  

 

 
Figure 30: Task based simplified protocol 
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ASB ventilation, CPAP/ASB ventilation, CPAP ventilation 

After the setup is completed, a patient receives an ASB-type of ventilation. This event starts after the 

setup is completed and runs until a new type of ventilation method is shown. There are again multiple 

names possible for this ventilation method. 

Check breathing frequency 

An important task in the protocol is the breathing frequency. This check is uncoupled from the setup 

because it has a consultation coupled to it. This means that the results of this check can lead to a 

different ventilation method. The task itself is artificially created and performed after a patient receives 

an ASB-type of ventilation for the first time. The check itself has no duration. 

Decrease P-ASB, Increase P-ASB, Continue P-ASB 

With the patient correctly coupled to an ASB-type of ventilation the next step of the protocol is to 

decrease the P-ASB value to 6. However it can also happen that the pressure cannot be decreased and 

therefore the other options are also considered. This event is created in the same sense as the BIPAP 

check. It is assumed that the increase or decrease is done each data entry.  

30 min. deviation check 

When the patient has a P-ASB value of 6, the next event can be executed. This event takes 30 minutes to 

complete and needs to be completed before the next event can be executed. This step is executed only 

when the P-ASB value of a patient is 6 and starts the moment when the decrease of the P-ASB has 

resulted in a value of 6. This process is repeated when the P-ASB is continued on 6. This task was always 

added 30 minutes before the end of the case. This means that it can happen that 2 stability checks 

overrun each other in the log. 

Final blood 

This task has been explained in section 6.3.1 and is used for the final blood test that is required by the 

protocol.  

Extubation criteria 

The extubation criteria is an important task in the protocol but cannot be traced back in the data. This 

event can only start when the 30 min. deviation check has finished. The actual starting time of the event 

is the last data entry. In the last data entry the breathing stop or O2 probe is logged. Before these tasks 

are ready the extubation criteria need to be checked. So this task is artificially added before the final 

data entry. 

O2 probe, Breathing stop 

This event is executed after the uncoupling of the ASB-type ventilation and shows the end of the actual 

process. 

Temperature 

The temperature is not shown in the protocol but is added to confirm the results of the general 

performance analysis. The data conserning the temperature was difficult to couple and with this more 

accurate data the analysis can be repeated to see whether the results match. The event is exectuted 

after the first BIPAP check and stops on the first data entry when a patient has reached 36°C or more. 
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Appendix XI Log statistics 
Activity Averag

e 
(workin

g) 

Freque
ncy 

(workin
g) 

Stdev 
(workin

g) 

Min 
(workin

g) 

Median 
(workin

g) 

Max 
(workin

g) 

Averag
e 

(waitin
g) 

Freque
ncy 

(waitin
g) 

Stdev 
(waitin

g) 

Min 
(waitin

g) 

Median 
(waitin

g) 

Max 
(waitin

g) 

Bipap 
check 

0.0 621.0 0.0 0.0 0.0 0.0 49.287 621.0 163.66
7 

0.0 30.0 2771.0 

Blood 
test 1 

0.0 65.0 0.0 0.0 0.0 0.0 13.462 65.0 10.754 1.0 12.0 59.0 

Blood 
test 2 

0.0 58.0 0.0 0.0 0.0 0.0 15.431 58.0 11.952 0.0 14.5 59.0 

Blood 
test 3 

0.0 42.0 0.0 0.0 0.0 0.0 20.357 42.0 31.363 0.0 13.0 197.0 

Blood 
test 4 

0.0 18.0 0.0 0.0 0.0 0.0 17.056 18.0 18.593 4.0 10.0 76.0 

Blood 
test 5 

0.0 8.0 0.0 0.0 0.0 0.0 20.0 8.0 17.038 8.0 14.0 61.0 

Blood 
test 6 

0.0 4.0 0.0 0.0 0.0 0.0 78.75 4.0 62.473 21.0 65.5 163.0 

Blood 
test 7 

0.0 1.0 0.0 0.0 0.0 0.0 385.0 1.0 0.0 385.0 385.0 385.0 

Blood 
test 8 

0.0 1.0 0.0 0.0 0.0 0.0 399.0 1.0 0.0 399.0 399.0 399.0 

Blood 
test 9 

0.0 1.0 0.0 0.0 0.0 0.0 330.0 1.0 0.0 330.0 330.0 330.0 

Breathi
ng stop 

0.0 37.0 0.0 0.0 0.0 0.0 1.027 37.0 0.164 1.0 1.0 2.0 

Check 
breathi
ng 
freque
ncy 

0.0 74.0 0.0 0.0 0.0 0.0 2.0 74.0 0.0 2.0 2.0 2.0 

Contin
ue P-
ASB 

0.0 113.0 0.0 0.0 0.0 0.0 26.372 113.0 20.412 0.0 29.0 193.0 

Decrea
se P-
ASB 

0.0 75.0 0.0 0.0 0.0 0.0 40.947 75.0 122.83
2 

1.0 29.0 1079.0 

Extubat
ion 
criteria 

0.0 66.0 0.0 0.0 0.0 0.0 4.773 66.0 11.4 0.0 1.0 60.0 

Final 
blood 

0.0 47.0 0.0 0.0 0.0 0.0 15.255 47.0 20.961 1.0 10.0 126.0 

Increas
e P-ASB 

0.0 1.0 0.0 0.0 0.0 0.0 7.0 1.0 0.0 7.0 7.0 7.0 

O2 
probe 

0.0 28.0 0.0 0.0 0.0 0.0 1.036 28.0 0.189 1.0 1.0 2.0 

Operati
on 
blood 

0.0 72.0 0.0 0.0 0.0 0.0 342.30
6 

72.0 832.37
3 

0.0 124.5 5971.0 

Patient 
record 

0.0 65.0 0.0 0.0 0.0 0.0 4.923 65.0 20.872 0.0 0.0 119.0 

Setup 
ASB 
ventilat
ion 

0.0 74.0 0.0 0.0 0.0 0.0 28.919 74.0 240.63
9 

0.0 1.0 2071.0 

30 min. 
deviati
on 
check 

30.0 134.0 0.0 30.0 30.0 30.0 1.134 134.0 3.023 0.0 1.0 30.0 

ASB 
ventilat
ion 

57.182 11.0 28.446 18.0 58.0 121.0 1.0 11.0 0.0 1.0 1.0 1.0 
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IPPV/a
utoflo
w 
ventilat
ion 

60.0 2.0 42.426 30.0 60.0 90.0 72.0 2.0 98.995 2.0 72.0 142.0 

Temper
ature 

61.016 63.0 65.3 0.0 58.0 208.0 1.0 63.0 0.0 1.0 1.0 1.0 

CPAP 
ventilat
ion 

95.5 4.0 98.821 3.0 78.0 223.0 1.0 4.0 0.0 1.0 1.0 1.0 

CPAP/A
SB 
ventilat
ion 

177.69
6 

69.0 337.09
7 

3.0 91.0 1831.0 1.0 69.0 0.0 1.0 1.0 1.0 

Bipap/
ASB 
ventilat
ion 

229.75 16.0 464.86
4 

29.0 59.0 1919.0 15.75 16.0 42.87 1.0 1.0 159.0 

Bipap 
ventilat
ion 

279.84
4 

77.0 355.27
1 

14.0 215.0 2971.0 177.22
1 

77.0 425.34
8 

1.0 103.0 2770.0 

Table 38: New log statistics 
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Appendix XII Extra analysis route conformance 

Pre-Weaning phase 

As mentioned before, the pre-Weaning phase is not part of the existing protocol of appendix II. However 

it is considered interesting by the stakeholders to investigate how long, on average, a patient takes 

between the patient record and the arrival on the ICU department. This time is an indication in how long 

the actual operation has taken. An overview of the result for the actual frequencies (blue, right) and the 

performance (red, left) can be seen in Figure 31. 

When looking at the blue section 

with the frequencies some 

interesting observations can be 

made. There are 5 patients who 

have been recorded in the data 

after they had their blood tested 

during their operation. This is 

impossible and therefore the 

actual registration time in the 

ICCA system in wrong in these 

cases. Most of the patients (50) 

have a blood test somewhere 

during the operation. After these 

blood tests it takes on average 

103.1 minutes to arrive on the ICU. However the maximum duration of this route is 3.2 hours and the 

minimum as low as 15 minutes so it is just an indication into the range of values. 

Blood tests analysis 

During the process the blood of the patient is tested on a number of occasions. Even though only the 

final blood test is mentioned in the protocol it is considered 

interesting how long it takes between the various blood 

tests. According to the study by de Winter (2013) the blood 

of a patient is tested on pre specified times: immediately, 

after 2, 4 and 8 hours after the patient has arrived on the 

ICU. After these 4 tests the other tests should be done daily 

on 6 o’clock in the morning. Table 39 shows the time gaps 

between the various blood tests. As can be seen the second and third test take place after 2 and 4 hours 

after the patient has arrived on the ICU which confirms the guidelines. The fourth test however, should 

take place after 8 hours but the results show only 7 hours for this test.  After these test the number of 

tests decreases, but even so the result show that the tests are not done once a day but still on a more 

regular basis with time gaps of around 4 hours. An extensive performance overview of all blood tests 

and their mean time intervals can be seen in  appendix XVII. 

  

 # pats  Mean Value 

test 1 > test 2 58 1,9 hr. 

test 2 > test 3 42 2,1 hr. 

test 3 > test 4 18 2,9 hr. 

test 4 > test 5 8 3,5 hr. 

test 5 > test 6 4 4,5 hr. 

Table 39: Blood tests time gaps 

Figure 31: Pre-Weaning frequencies and performance 
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Appendix XIII Initial process mining result 
 

 

 

 

 

 

  

Figure 32: Heuristic miner results on unfiltered log, improved continuous semantics fitness 0.6023  
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Appendix XIV Filtered process mining result 

Figure 33: Heuristic miner results of filtered log, improved continuous semantics fitness 0.6655 
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Appendix XV Fuzzy miner total result 

 

Figure 34: Fuzzy miner overall result 
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Appendix XVI Performance statistics route analysis groups 
 

 

 

 

 

 

Characteristic Values Median Mean 95% 
lower 

95% 
upper 

BIPAP COPD 9 5,00 4,969 3,099 6,839 

ASB COPD 9 1,85 2,074 1,095 3,053 

BIPAP 66 3,658 4,678 3,726 5,630 

ASB 70 1,517 2,389 1,468 3,310 
Table 41: COPD results 

Characteristic Values Median Mean 95% 
lower 

95% 
upper 

BIPAP meds 7 6,83 8,454 4,677 12,231 

ASB meds 8 1,267 1,550 0,425 2,675 

BIPAP 71 3,5 4,289 3,456 5,122 

ASB 68 1,517 2,434 1,541 3,327 
Table 42: Medication results 

Characteristic Values Median Mean 95% 
lower 

95% 
upper 

BIPAP liq 1 22 2,75 2,723 2,078 3,368 

ASB liq 1 22 1,017 1,498 0,974 2,022 

BIPAP liq 2 15 3,167 4,564 1,515 7,613 

ASB liq 2 12 1,658 2,189 1,178 3,200 

BIPAP liq 3 26 5,167 5,479 4,385 6,573 

ASB liq 3 25 1,517 3,085 0,786 5,384 

BIPAP liq 4 16 5,25 6,332 4,142 8,522 

ASB liq 4 16 2,017 2,501 1,672 3,330 
Table 43: Liquid balance results 

 
Figure 35: Liquid balance detailed overview 
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BIPAP liq 1 BIPAP liq 2 BIPAP liq 3 BIPAP liq 4 ASB liq 1 ASB liq 2 ASB liq 3 ASB liq 4

Liquid (ml)  #patients   

<0 Group 1 16 24,62% 

1-500 Group 2 12 18,46% 

501-1000 Group 3 22 33,85% 

>1000 Group 4 15 23,08% 

Table 40: Liquid balance groups 
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Appendix XVII Blood test performance 

 
Figure 36: Blood test performance overview 
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Appendix XVIII updated heuristic miner 
 

 

 

 

  

Figure 37: Heuristic miner results of filtered log, improved continuous semantics fitness 0.5808 
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Appendix XIX performance overview fuzzy miner 

 
Figure 38: Fuzzy miner performance overview 
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Appendix XX Repertory Rate change improvements 
 

 

  

RR % change value # errors  

0% 20% 29 44,62% 

5% 25% 23 35,38% 

10% 30% 18 27,69% 

Table 44: Repertory rate percentage change results 

RR change absolute # patients  

0 29 44,62% 

2 41 63,08% 

3 33 50,77% 

4 21 32,31% 

5 15 23,08% 

6 13 20,00% 

7 10 15,38% 

8 8 12,31% 

9 6 9,23% 

Table 45: Repertory rate absolute change results 
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Appendix XXI Medical literature method 
The list of studies shown in section 1.4 is created with a list of key words that have been entered in 

several databases. These databases were: ABI/Inform , Google Scholar and Medline. The search criteria 

that were used are: 

 Patient compliance 

 Healthcare process improvement 

 Healthcare data improvements 

 Healthcare improvement 

 Healthcare data compliance 

 Healthcare process mining 

 Protocol data analysis 

 

When using these search terms, most studies were inaccessible by the researcher due to library 

restrictions. To compare studies on the same criteria the abstracts of the studies were scanned on the 

subjects and methods. When a related study was found a category was added to the list of studies as 

shown in section 1.4. When a study could not be placed in a category, a new one was created. After the 

top 20 pages of the search results had been scanned for each database, the next search query was 

issued. This continued until all search terms were used in all databases. 

 


