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Abstract 
Healthcare organisations are continually searching for means to increase the efficiency and 
effectiveness of their clinical processes. Process mining can aid decision making concerning 
process design by giving insight into the current process execution and can hereby help in 
improving clinical care processes. No prior process mining case studies focused on the link 
between the execution of a (clinical) process and its effectiveness: a clear gap in process mining 
literature. This thesis explores this link in a case study on the cataract treatment process at the 
academical hospital of Maastricht. Four process mining analyses were conducted, each one 
comparing two patient groups. The groups were created based on chosen performance 
indicators that reflect process effectiveness from a patient perspective. Statistics was widely 
used in comparing the (time-) performance between the patient groups and evaluation sessions 
were held to be able to explain and ground the process mining results. This approach led to 
some interesting insights on the link and offered process improvement opportunities for the 
hospital. It was concluded that process mining techniques can certainly help in determining the 
link between process execution and process effectiveness and can hereby help in improving 
clinical care processes. Combining process mining with statistics and holding discussions 
(evaluations) with process owners were important parts of the research approach and can 
greatly help in drawing valid conclusions and in understanding the process mining results. The 
used research approach seems fruitful and should be applied in more case studies for validation 
purposes. 
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Based on literature findings, a general clinical process effectiveness measurement framework 
was developed. Healthcare quality domains (De Koning & Hoeijmakers, 2007) lay the 
foundation. It was proposed that for each domain, performance indicators and accompanying 
goals could be established to make process effectiveness measurable: process executions can be 
classified as either successful or unsuccessful with respect to a performance indicator. 
Furthermore, it was also noted that effectiveness is actor-dependent. In this thesis the patient 
perspective was investigated. To apply the general clinical process effectiveness framework on 
the cataract treatment process, relevant indicators and goals that reflect the patient perspective 
in this treatment process were chosen in a selection process that emphasized rigour, relevance 
and took hospital data and research time restrictions into account. The resulting framework was  
 
Quality domain Effectiveness Indicators Effectiveness Goals  
Clinical 
effectiveness 

Volume of cataract treatments 
performed per surgeon 

More than 250 surgeries per surgeon per 
year 
 

Timeliness 1. Throughput time 
preoperative examination visit 
2. Throughput time 
postoperative examination 
visit 
3. Waiting time for surgery 

Less than 80 minutes 
 
Less than 40 minutes 
 
 
Less than three weeks  

Demand-
orientation 

Surgical continuity 
 
 

Same medical specialist or junior doctor 
in training performs both cataract 
surgeries (one surgery per eye) 

 
Subsequently, the required data was determined based on process mining literature and data 
was gathered from the hospital information system (SAP). Per performance indicator a separate 
process mining analysis was conducted. In each analysis two patient groups were created based 
on the effectiveness goal and the control-flow, organisational and time-perspectives were 
investigated. Each separate analysis was evaluated in separate sessions with a university and a 
hospital supervisor. The combined process mining results were evaluated in separate sessions 
with both university supervisors. The evaluations led to some additional research. Based on the 
combined results, the potential of process mining for investigating the link was determined. 
 
Three process mining analyses focused on the high-level process: (1) the demand orientation 
analysis, (2) the high-level timeliness analysis and (3) the clinical effectiveness analysis. The low-
level timeliness analysis zoomed in on the preoperative and final postoperative examination 
visits. The different process mining analyses led to interesting process insights and the different 
analyses complemented each other. Statistical tests were used to find proof for the found 
differences. The found differences could be explained by (a combination of) the surgery 
planning policy, the used triage categories, the patient volume and the surgical volume per 
surgeon. No differences in clinical effectiveness were found, only differences in timeliness and 
demand orientation effectiveness. The main insights gained were as follows 
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Demand orientation analysis insights  
 
1. Surgical continuity (demand orientation effectiveness) interacts with timeliness: trade-off 
2. Surgical continuity is influenced by the surgery planning policy and the triage policy 

High-level timeliness analysis insights  
 
1. The score on the Treeknorm (waiting time for surgery) most likely results from the high 

yearly inflow of patients (external factor) in combination with the emphasis on surgical 
continuity (internal factor) 

2. The score can be possibly improved by putting less emphasis on surgical continuity 

Low-level timeliness analysis insights  
 
1. The low score on the benchmark times results from multiple causes 
2. The high yearly inflow of patients (external factor) most likely contributes to the low score  
3. Deviant patient visit status changes contribute to the low-score and are most likely done 

by optometrists. Lowering the amount of deviant patient visit status changes can improve 
the score on the benchmark throughput times 

4. Further investigation into other causes is required 
5. The fraction of patients that is too late for their appointment is high but in line with 

medical literature 

Clinical effectiveness analysis insights  
 
1. Patients that were treated by a high-volume surgeon had on average a shorter throughput 

time 
2. The patient case mix of high-volume and low-volume surgeons differed 

Concluding, process mining led to interesting insights on the link between process execution and 
process effectiveness. Process mining can thus certainly help in determining the link and can 
hereby help in finding process improvement opportunities. In the conducted analyses especially 
the organisational and time perspectives proved relevant. The control-flow perspective was only 
to some extent useful. Process mining is however only one tool out of the toolbox for 
determining the link. By combining process mining with other tools, such as statistics and 
discussions with process owners, a rich and valid understanding of the link can be gained for the 
investigated process. This approach was used in this thesis project. 
 
Based on this research,  several process improvements were recommended. From a scientific 
point of view, it would be valuable to apply the used methodology in more cases studies The 
applied methodology was fruitful in this exploratory study, but more scientific evidence of its 
effectiveness is needed. Furthermore, it would be valuable to investigate the data perspective of 
process mining, the link with clinical effectiveness and to look into integrating statistics within 
process mining. The latter would greatly ease drawing valid conclusions. 
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3. Methodology 
The methodology used to answer the research question and to achieve the research objective is 
outlined in this chapter. First, the research process methodology is outlined (section 3.1). 
Second, the development of a general clinical process effectiveness measurement framework is 
outlined (section 3.2), followed by sections on the development of the MUMC+ cataract 
treatment process effectiveness measurement framework (section 3.3), data requirements 
(3.4), data collection (3.5) and lastly the research scope restrictions (section 3.6). 

3.1. Research process methodology 
Here the main research steps are described (Figure 3). Based on literature a general clinical 
process effectiveness measurement framework was developed. To use this framework on the 
cataract treatment process at MUMC+, case-study specific performance indicators and goals 
were determined in a selection process, in which a pre-analysis was included. The pre-analysis 
consisted of a patient questionnaire, combined with discussions and observations. The resulting 
MUMC+ cataract treatment process effectiveness measurement framework determined the 
required data-input for the process mining investigation. Subsequently, the data was gathered 
and the process mining investigation was carried out. The process mining investigation 
consisted of several separate analyses, one analysis per performance indicator. The combined 
process mining results were evaluated in separate sessions with both university supervisors. The 
main research steps are given in Figure 3. The evaluation led to some additional research in this 
thesis project, but this is not necessarily the case in similar future studies, hence the (XOR-)split. 
Lastly, the potential of process mining for determining the link between process execution and 
process effectiveness was determined based on the evaluation and the additional research. 

Figure 3: Research process methodology (high-level) 

Performing process mining forms an important part of the research process. The used process 
mining methodology is depicted in Figure 4.  

 
Figure 4: Perform process mining (low-level) 
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The main inspiration for the used process mining methodology came from Rebuge and Ferreira 
(2012), who developed a process mining methodology which they used successfully in the 
healthcare domain. In the used process mining methodology log preparation and log inspection 
were carried out, followed by creating groups of patients based on an effectiveness indicator 
(performance indicator), using an effectiveness goal as cut-off point. The MUMC+ cataract 
treatment process effectiveness measurement framework was used for this purpose. If 
necessary, the framework was adapted after log inspection (additional insight). After group 
creation, the control-flow, organisational and time analysis were conducted. The results were 
integrated and evaluated in separate sessions with a university and a MUMC+ supervisor. These 
evaluations led to some additional research, hence the feed-back loop. This process mining 
methodology was carried out for each researched process effectiveness performance indicator. 

3.2. Developing the general clinical process effectiveness measurement framework 
In chapter 2 (Preliminaries) healthcare quality domains were introduced and it was mentioned 
that process effectiveness can be operationalized for a clinical treatment process by using 
measurable performance indicators (introduced in subsection 2.1.2) and by setting goals for 
these indicators, that serve as a cut-off point to determine whether a process execution is either 
successful or unsuccessful (introduced in subsection 2.1.3). This formed the basis for creating a 
general clinical process effectiveness measurement framework. 
 
In subsection 2.1.4 it was mentioned that the following internal quality domains are 
distinguished in the healthcare domain: effectiveness, timeliness, efficiency, safety and demand-
orientation. Using the reasoning that process effectiveness can be measured within (and for) 
each domain, effectiveness should not be put forth as a separate quality domain. However, 
clinical effectiveness does not fit in the other quality domains. Therefore, it is proposed in this 
thesis to replace the effectiveness quality domain with a clinical effectiveness quality domain. 
Based on these five process internal quality domains a general clinical process effectiveness 
measurement framework was constructed, see Table 2. Examples of possible indicators and 
goals are given in Table 2. In subsection 3.3 the indicators and goals used in this thesis are given. 
 

Table 2: General clinical process effectiveness measurement framework 

Quality domain Effectiveness Indicators Effectiveness Goals 
Clinical 
effectiveness 

E.g. volume of cataract 
surgeries  

E.g. more than 250 surgeries per surgeon 
(adverse event rate of 0.2 per cent) 

Timeliness E.g. time between 
diagnosis and treatment 

E.g. time between diagnosis and 
treatment is less  than 3 weeks 

Efficiency E.g. cost of treatment E.g. less than 5000 euro per treatment 
Safety E.g. complication X E.g. complication X never occurs  
Demand-orientation E.g. same doctor involved 

in all surgeries in a clinical 
treatment process 

E.g. in more than 90% of all process 
executions the same doctor is involved in 
all surgeries 











  METHODOLOGY 

 16 | P a g e  
 

This enlarges the probability of finding differences between patient groups within the process 
mining analysis that focuses on low-level timeliness and furthermore it might enlarge the 
practical value of this research. With respect to care continuity especially surgical continuity 
seems important to the MUMC+ patient population. Investigating this might also enlarge the 
practical value of this research. High-level timeliness is investigated as well in this thesis project, 
since this gives an indication of the logistical pressure on the whole treatment process and thus 
also on the (examination) visits. Now concrete goals were chosen. The amount of goals per 
domain was limited to one or two, due to the limited research time scope. 
 
3.3.4. MUMC+ cataract treatment process effectiveness framework 

For the quality domain clinical effectiveness the indicator volume of cataract treatments was 
included. A concrete goal (cut-off point) for this indicator was set on 250 surgeries per surgeon 
per year, based on the literature finding on adverse event rates (subsection 2.3.2) in 
combination with data restrictions (see subsection 3.4).  
 
For the quality domain timeliness the maximally acceptable waiting time of 20 minutes was 
included as preliminary indicator for the examination visits (low-level timeliness). It was chosen 
to focus specifically on the preoperative and final postoperative examination visits, two 
important visits that represent the begin and end of the cataract treatment process. When 
investigating the data during the log inspection step in the process mining investigation, it was 
found that only throughput times of examination visits were reliable and waiting times could 
not be distinguished from treatment times. Therefore, goals for the throughput time of the 
preoperative and postoperative were consulted with the first hospital supervisor. For the 
preoperative examination, the planned treatment time is 60 minutes. If one adds the found 
maximally acceptable waiting time of 20 minutes, a proper benchmark for the throughput time 
is 80 minutes. For the final postoperative examination the planned treatment time is 20 
minutes. Adding again the maximally acceptable waiting time, gives a proper benchmark for the 
throughput time of 40 minutes.  
 
For analysing the high-level timeliness, the Dutch national Treeknorms for outpatient 
procedures were used. The norm for the maximum time between referral and the preoperative 
examination (diagnostics) is four weeks and 80% of all patients should be diagnosed within 3 
weeks (Dutch ministry of Health, Welfare and Sports, 2005). The norm for the maximum waiting 
time between referral and an actual outpatient treatment is seven weeks and 80% of all patients 
should be treated within 5 weeks (Dutch ministry of Health, Welfare and Sports, 2005). As a 
result, the norm for the maximum waiting time between pre-operative examination and an 
actual outpatient treatment is three weeks. This last norm was used in this thesis. Note that 
the 80%-norms are more strict in practice, but that they do not tell for each independent case 
whether it was either executed successfully or unsuccessfully from a timeliness point-of-view: it 
depends on the timeliness of other cases. The maximum waiting time norms do provide a single 
cut-off point per case (patient). 
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The data was not normally distributed within both groups and the variance in both groups did 
not differ significantly. The difference in means was not significant (P = .001).  
The time between the second surgery and the final postoperative examination was on average 
37 days in Disco for group 1 and 36 days in Disco for group 2. After removing outliers in SPSS, 
the averages were respectively 34 days (standard deviation = 6 days) and 35 days (standard 
deviation = 6 days) in group 1 and group 2. The data was not normally distributed within both 
groups and the variance in both groups did not differ significantly. The difference in means was 
not significant (P = .534). 
 
4.1.7. Evaluation of process mining results 

The main analysis findings are summarized in Figure 12. These findings were discussed with the 
first hospital supervisor. One of the causes for these findings is the current surgery planning 
policy. The current policy is to try to schedule the same medical specialist in the surgery roster 
every other week in order to facilitate both surgical continuity for the patient and a minimal 
time between the two surgeries (14 days). This surgery planning policy can explain the high 
percentage of patients that have both surgeries by the same surgeon, due to the emphasis on 
surgical continuity in the policy. A negative consequence of the desired surgical continuity is an 
increased average time between the pre-operative examination and the first surgery (and the 
higher variance). This most likely has to do with planning flexibility: it is easier to treat a patient 
as soon as possible if the patient can be scheduled at two different surgeons (more planning 
options) than if the patient is to be scheduled at the same surgeon. Furthermore, a triage 
system is in place. The simplest cases (category 1) can be treated by junior doctors. The medium 
cases (category 2 and 3) are always treated by medical specialists and both surgeries are 
preferably done by the same specialist. The most complicated cases of cataract (category 4) are 
always treated by one medical specialist, who is the only one authorized for these surgeries. The 
triage system can explain the found difference in function involvement per group and the 
distribution of combination sessions among the patient groups. Since only the triage-category 1 
patients can be treated by junior doctors, these cases need to be distributed among all junior 
doctors. It thus rarely happens that the same junior doctor treats the same patient twice, 
hereby explaining the found difference in function involvement. Combination sessions are 
always performed by medical specialists and due to the emphasis on surgical continuity in the 
surgery planning policy they occur more often in the surgical continuity group. 

Figure 12: Main findings demand orientation analysis 

Process mining techniques helped in this analysis to give insight into the link between the 
execution of the cataract treatment process and its effectiveness with respect to surgical 
continuity. Especially the organisational and time perspective were useful. 
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4.2.1.5. Time analysis 

The time-related performance was analysed again using Disco, Excel and SPSS. Disco was used 
to provide raw time performance estimates to determine whether further, more precise, 
investigation within Excel and SPSS was viable. Here only the values found in SPSS, after outlier 
removal, are given. The same process milestones and outlier removal method  as in the demand 
orientation analysis were used here. The average throughput time was 61 days for group 1 
(standard deviation = 9 days) and 81 days for group 2 (standard deviation = 15 days). The 
variance in both groups differed significantly (P = .001). The values were not normally 
distributed and  the means differed significantly (P = .000), which was expected based on the 
performance indicator choice. 
 
The average time between the preoperative examination and the first surgery was 11 days for 
group 1 (standard deviation = 5) and 33 days for group 2 (standard deviation = 11) after outlier 
removal. The variance and mean differed significantly between both groups (P = .000). The high 
average and variation within group 2 gave cause to further investigate the over-all distribution 
of the time between diagnostics and the first surgery. Over-all the average time between 
diagnostics and the first surgery was 20 days (standard deviation = 13) after outlier removal. The 
distribution is positively skewed. A histogram is given in Figure 16. Since the average is very 
close to the Treeknorm of 21 days and the standard deviation is relatively high (the variation 
coefficient is .65), it follows that almost half the patients are not treated within the time norm, 
as found when creating patient groups. 

Figure 16: Histogram time between preoperative examination and the first surgery 

The average time between the two surgeries was 15 days in group 1 (standard deviation = 4) 
and 14 days in group 2 (standard deviation = 1). The variance differed significantly between 
both groups (P = .000). Furthermore, the means differed significantly (P = .043), indicating a 
difference in time-related performance that was not directly expected based on the 
performance indicator choice. The average time between the second surgery and the final 
postoperative examination was found to be 35 days for both groups in both groups within Disco. 
This time interval was not further investigated in Excel and SPSS. 
 
4.2.1.6. Evaluation of process mining results 

The main analysis findings are summarized in Figure 17.The control-flow analysis did not result 
in explicit interesting findings and an organisational analysis was not possible on the case 
movement level. 
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These findings were discussed with the first hospital supervisor. The low proportion of people 
that are treated within 21 days after the pre-operative examination most likely has to do with 
the high inflow of patients in the cataract treatment process (approximately 1250 per year) in 
combination with the used surgery planning policy, in which there is an emphasis on surgical 
continuity (hereby limiting the planning possibilities). The found statistical difference in 
average and variance in the time between both surgeries can most likely be explained by the 
fact that most patients that were treated within 21 days after the pre-operative examination 
experienced surgical discontinuity and most patients that were treated after 21 days after the 
pre-operative examination experienced surgical continuity, in line with the conclusion of the 
demand orientation analysis. In the demand orientation analysis it was found that the surgeon 
was most often a medical specialist if there was surgical continuity. Since in the surgery planning 
it is tried to schedule medical specialists  every other week and this is not explicitly done for 
junior doctors, it is logical that the average and variance in time between surgeries are a bit 
lower for patients that were treated after 21 days. Note that although the difference in average 
time between groups is statistically significant, its impact on the throughput time is minimal: 
only one day difference on average. Process mining techniques helped in this analysis to give 
insight into the link between the execution of the cataract treatment process and its 
effectiveness with respect to (high-level) timeliness. Especially the time perspective was useful. 

Figure 17: Main findings high-level timeliness analysis 

4.2.2. Low-level timeliness analysis 

Here the low-level timeliness analysis is outlined. The main questions that are answered in this 
analysis are applied versions of the research sub-questions and as follows  
 
Low-level timeliness analysis questions 
 
1. Is there a difference in the ordering and frequency of activities between patients that had 

a throughput time of 80 and 40 minutes or less in respectively the pre-operative and final 
postoperative examination and patients with a longer throughput time?                            

2. Is there a difference in organisational resource involvement between that had a 
throughput time of 80 and 40 minutes or less in respectively the pre-operative and final 
postoperative examination and patients with a longer throughput time?                            

3. Is there a difference in time-related performance between patients that had a throughput 
time of 80 and 40 minutes or less in respectively the pre-operative and final postoperative 
examination and patients with a longer throughput time? 

First surgery Second 
surgery

First surgery Second 
surgery

15 days (st.dev = 4 days)

14 days (st. dev = 1 day)

First surgery within 
21 days

First surgery after 
21 days

P = .043

57% of all 
patients

43% of all 
patients
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4.3.3. Constructing groups 

Groups were created based on the volume of cataract surgeries per surgeon, in line with 
literature. The goal (cut-off point) used was 250 surgeries per surgeon per year, as set out in 
Chapter 3. Since only data from approximately 29 weeks was used, this norm was pro rata set 
on 139 surgeries. Note that surgeons might also perform surgeries in other healthcare 
institutions. This was not taken into account, since no insight could be gained on this matter. 
This means that the found volumes are a lower-limit of the true volume per surgeon within the 
researched timeframe. Two surgeons in the dataset performed more than 139 surgeries each 
within the researched timeframe as measured by the surgery service Dagverpleging-zwaar. In 
total 199 patients had both surgeries by a high-volume surgeon (group 1, high-volume surgeon). 
The other group consists of 19 surgeons who performed less than 139 surgeries each, 289 
patients had both surgeries by a low-volume surgeon (group 2, low-volume surgeon). Note that 
the total amount of patient for which the service Dagverpleging-zwaar is registered is thus 488, 
a bit lower than the 514 cases in the event log. 

Figure 27: Preliminary process model clinical effectiveness analysis 
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5. Evaluation and additional research 
In the process mining analyses the cataract treatment process at MUMC+ was investigated. The 
starting point of the investigated process was set on the pre-operative examination and the end 
point was set on the final postoperative examination. Three process mining analyses focused on 
the high-level process: (1) the demand orientation analysis, (2) the high-level timeliness analysis 
and (3) the clinical effectiveness analysis. One process mining analysis, the low-level timeliness 
analysis, zoomed in on the preoperative and postoperative examination visits. Within each 
process mining analysis, three perspectives were investigated (if possible): the control-flow, 
organisational and time perspectives. Here the process mining results are integrated and jointly 
evaluated. Furthermore, some additional research that resulted from the evaluation is 
described. This chapter is split in three subsections: the first subsection discusses the high-level 
process evaluation, the second subsection discusses low-level process evaluation and the third 
subsection describes the performed additional research.  

5.1. High-level process 
The cataract treatment process at MUMC+ is characterised from a logistics point of view by a 
high yearly inflow of patients (approximately 1250 patients). The treatment process is 
characterized from an organisational point of view by a surgery planning policy in which 
surgical continuity is central and a triage-policy with four different categories. The different 
triage-categories differ with respect to the (organisational role of the) surgeon allowed to 
perform the surgery and the emphasis on surgical continuity, as mentioned in the prior 
evaluation subsections. These logistic and organisational characteristics of the cataract 
treatment process at MUMC+ were central in evaluating and explaining the process mining 
findings with process owners in the separate analyses. 
 
In the demand orientation analysis a lengthening effect of surgical continuity on the time 
between the preoperative examination and the first surgery was discovered. The most likely 
cause for this difference is the increased planning flexibility if there is no surgical continuity: it is 
harder to schedule a patient for two surgeries at the same surgeon as soon as possible than at 
two different surgeons, especially if one takes the high yearly inflow patients into account and 
the influence that this inflow of patients has on the planning possibilities. Furthermore, in the 
demand orientation analysis a significant difference in the function of organisational resources 
involved between the group of patients with surgical continuity and the group of patients with 
surgical discontinuity was found. This could be explained by the fact that junior doctors may 
only treat health cases of triage-category 1 and these cases are in high demand among junior 
doctors (the availability is scarce). It thus rarely happens that the same junior doctor treats the 
same patient twice. Patients that had surgeries by junior doctors thus often experienced surgical 
discontinuity. In the surgery schedule of medical specialists it is tried to schedule the same 
specialist every other week, in order to facilitate surgical continuity. This contributes to the high 
amount of patient that experienced surgical continuity. The following insights into the link 
between the cataract treatment execution and its effectiveness was gained 
 
Demand orientation analysis insights  
 
1. Surgical continuity (demand orientation effectiveness) interacts with timeliness: trade-off 
2. Surgical continuity is influenced by the surgery planning policy and the triage policy 



  EVALUATION AND ADDITIONAL RESEARCH 

 44 | P a g e  
 

In the high-level timeliness analysis it was discovered that 57% of all patients have their surgery 
within 21 days after their pre-operative examination and thus made the Treeknorm. The most 
likely explanation for this low score is the combination of a high yearly inflow of patients 
(process external factor), which has an influence on the planning possibilities for surgeries, in 
combination with the emphasis on surgical continuity (process internal factor). The latter is in 
line with the finding of the demand orientation analysis that surgical continuity interacts with 
timeliness: there is a trade-off. This insight also offers the opportunity to possibly increase the 
percentage of people that have their first surgery within the Treeknorm: put less emphasis on 
surgical continuity for health cases where this is possible. The following insights into the link 
between the cataract treatment execution and its effectiveness was gained 
 
High-level timeliness analysis insights  
 
1. The score on the Treeknorm most likely results from the high yearly inflow of patients 

(external factor) in combination with the emphasis on surgical continuity (internal factor) 
2. The score can possibly be improved by putting less emphasis on surgical continuity 

In the clinical effectiveness analysis no differences in clinical effectiveness between patient 
groups was discovered. In Chapter 7 (Discussion and recommendations) a reflection is given on 
this matter. However, it was discovered that two surgeons performed more than 139 surgeries 
(high-volume surgeons) and these surgeons are medical specialists. Nineteen surgeons 
performed less than 139 surgeries (low-volume surgeons) and out of these 19 surgeons, 7 were 
medical specialists and 12 were junior doctors. Furthermore, a) difference in throughput time 
was discovered. The most likely cause is the difference in case-mix: the patient group with a 
high-volume surgeon is likely a mix of triage-categories 2, 3 and 4, the patient group with a low-
volume surgeon is likely a mix of triage-categories 1, 2 and 3. It would be interesting to create 
separate patient groups for all triage-categories and to check for between-group differences in 
order to provide more insight in the case-mix difference and its consequences for timeliness. 
Some additional research was performed and this is described in subsection 5.3. The following 
insights into the link between the cataract treatment execution and its effectiveness was gained 
 
Clinical effectiveness analysis insights  
 
1. Patients that were treated by a high-volume surgeon had on average a shorter throughput 

time than patients that were treated by a low-volume surgeon 
2. The patient case-mix of high-volume and low-volume surgeons differed 

5.2. Low-level process (examination visits) 
On this level the throughput times of the preoperative and final examination visits were 
examined. The constructed benchmarks (40 minutes for the final postoperative examination 
and 80 minutes for the preoperative examination) were not accomplished for the majority of 
patients. The high yearly inflow of patients (external factor) in the cataract treatment process 
and as a result the high number of patients within the process puts a strain on (planning) the 
examination visits. From an organisational point of view, deviant visit status changes, most 
likely done by optometrists, contribute to the large throughput times. Lowering the amount of 
deviant visit status changes, e.g. by clarifying the visit status policy, can lower the throughput 
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times. However, after removing these cases from the dataset, the average throughput time was 
still a lot larger than the benchmark time. Further investigation is required to find other causes. 
It is possible that the planned treatment times are too short. Lastly, it was also found that the 
fraction of patients that are too late for their examination visit, either due to arriving too late or 
queuing, is 23% for final examination visits, which is high but in line with medical literature. The 
impact of this on the logistical process performance should be further researched. The following 
insights into the link between the cataract treatment execution and its effectiveness was gained 
 
Low-level timeliness analysis insights  
 
1. The low score on the benchmark times results from a variety of causes 
2. The high yearly inflow of patients (external factor) most likely contributes to the low score  
3. Deviant visit status changes contribute to the low-score and are most likely done by 

optometrists. Lowering the amount of deviant visit status changes can improve the score 
on the benchmark throughput times 

4. Further investigation into other causes is required 
5. The fraction of patients that is too late for their appointment is high but in line with 

medical literature 

5.3. Additional research 
During evaluation of the combined process mining results with the second university supervisor, 
it was discussed that there might also be a difference in time between the preoperative 
examination and the first surgery between patients that had surgery by either a medical 
specialist or a junior doctor and experienced either surgical (dis)continuity. The reasoning was 
that this could occur due to the difference in patient case-mix, resulting from the triage-policy.  
 

Table 9: Created patient groups with time to surgery averages (additional research part 1) 

 Medical specialist(s) as surgeon Junior doctor(s) as surgeon 
Surgical continuity Average: 23 days Average: 13 days 
Surgical discontinuity Average: 19 days 

 
Average: 13 days 

 
 
This was analysed within SPSS. The found averages per group are given in Table 9. A difference 
was found within the group of patients with surgical discontinuity. A One-way ANOVA was 
conducted since the assumptions with respect to normality within groups and equal group 
variance were met. It indicated that the difference in group average was statistically significant 
(P = .035). No statistical difference was found within the group of patients with surgical 
continuity (One-Way ANOVA, P = .087). This most likely has to do with the low amount of 
patients that had both surgical continuity and were treated by a junior doctor. The found 
difference can be explained by the triage-policy: the junior doctors only treat health cases of 
triage-category 1 and these are in high demand, which results in short waiting times for surgery. 
The medical specialists that treat patients without surgical continuity, treat health cases of 
triage-category 2 and 3 (a case-mix). These cases are not scarce, leading to higher waiting times 
for surgery. 
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It was also discussed that it would be interesting to create separate patient groups for the 
different triage categories. It was impossible to uniquely identify each triage-group within the 
data extracted from the HIS however. The result of the triage-process was not available within 
the created dataset. It is known however, that junior doctors only treat triage-category 1 health 
cases and that low-volume medical specialists treat triage-category 2 and 3 surgeries. The high-
volume surgeons most likely treat a mix of triage-category 2, 3 and 4. Furthermore, in the 
dataset it was found that patients treated in both surgeries by a high-volume medical specialist 
always experienced surgical continuity. Based on the combination of surgeon volume in both 
surgeries (high/low), surgical continuity and organisational role of the surgeon in both surgeries, 
five unique patient groups can be created for further statistical analysis that represent a (mix of) 
triage-category(s). These are given in Table 10. The two groups with surgical discontinuity were 
already analysed above (see Table 9 for the found average times). 
 

Table 10: Created patient groups with time to surgery averages (additional research part 2) 

 Medical specialist(s) as surgeon          
in both surgeries 

Junior doctor(s) as surgeon   
in both surgeries 

Surgical continuity High-volume surgeon 
(Average: 18 days) 

- 

Low-volume surgeon 
(Average: 34 days) 

Low-volume surgeon 
(Average: 13 days) 

Surgical discontinuity - - 
Low-volume surgeon 

(Average: 19 days) 
Low-volume surgeon 

(Average: 13 days) 
 
The other three groups were created in Disco and subsequently analysed in SPSS. The found 
average times between the preoperative examination and the first surgery are given in Table 10. 
A graphical overview is given in Appendix N. The non-parametric Welch test (ANOVA 
assumptions were not met) indicated a significant difference in average time between high- 
and low-volume medical specialist surgeons (surgical continuity) (P = .008). A One-way ANOVA 
indicated a significant difference in average time between low-volume medical specialists and 
junior doctors (surgical continuity) (P = .004). No difference was found between high-volume 
specialists and low-volume junior doctors (surgical continuity). 
  
These findings can help in explaining the found differences in the average and variance of the 
throughput time between patients that were treated by either a high- or low-volume surgeon 
in both surgeries: especially the patient group with surgical continuity treated by a low-volume 
medical specialist increases the variance and average of the entire low-volume patient group. 
This can most likely be explained by the limited planning possibilities of low-volume medical 
specialists, especially if surgical continuity is required. Furthermore, the patients of triage-
category 1, treated by junior doctors, have an impact on the variance as well.  
 
The findings of this additional research can be used as well to sharpen the advice on how to 
improve the average time between the preoperative examination and the first surgery. It is 
especially interesting to try to minimize the group of patients that were treated in both 
surgeries by the same low-volume medical specialist. Lastly, note that process mining was not 
applied in this additional research. The inspiration for the additional analyses originates from 
the process mining analyses however. 








































































