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through conference presentations and publications. The 
data gathered and the medical metro lines created will 
inform the clinic’s VBHC dashboard. Once published, 
the results will be used in the education programmes of 
bachelor and master students.

DISCUSSION
Our aim is to contribute to the VBHC literature by 
demonstrating how TDABC and process mining can be 
combined to enable realistic cost measurement on a large 
scale, an aspect which practitioners currently consider 
both urgent and a major challenge.2 Furthermore, by 
trialling this method in a complex care context, we will 
contribute to the currently sparse literature on cost 
measurement and process improvements in complex 
care with long time horizons and non- linear care paths.13

We further aim to contribute to the patient- centred 
fertility care literature22 30 34 by introducing TDABC to 
the field and by reporting real patient journey costs and 
outcomes (in a baseline value assessment) that can serve 
as a benchmark for other clinics. Other clinics will be able 

to input their annual costs into the model while assuming 
the same time- based equations. The time equations can 
also be adjusted as technologies change or processes modi-
fied, for example, by introducing Artificial Intelligence 
(AI) embryo selection35 or vitrification.36 Through this 
research, we hope to enable internal, longitudinal bench-
marking as well as across- clinic benchmarking. In addition, 
we believe that the outcomes of this research could aid 
clinics in predicting future costs as populations age and 
change and in their organisational decision- making.13 This 
approach could contribute to improve quality and efficacy 
to keep healthcare affordable in the future decades.

Patients have repeatedly indicated that expectation 
management and information sharing are important 
aspects of patient satisfaction.22 30 37 38 By incorporating 
patient journey information in a value- based dashboard, 
we aim to provide gynaecologists with the tools to better 
discuss likelihoods and time- to- pregnancy with patients. 
We see the medical metro lines created in this project as 
a tool with which clinics can visually communicate and 
redesign care paths.

Figure 4 Explanatory sequential diagram showing the flow of data during all four phases. Labelled arrows are referred to in 
the text. Bold outlined rectangle: data source, rounded rectangles: analyses performed on data, solid arrows: data flow, dotted 
arrows: data validation. CCR, cost capacity rate; EHR, Electronic Health Record; FET, frozen embryo transfer; IFA, initial fertility 
assessment; IUI, intra- uterine insemination; IVF, in- vitro fertilisation; IVF- ICSI, IVF with intracytoplasmic sperm injection, OI, 
ovulation induction; TDABC, time- driven activity- based costing; VBHC, value- based healthcare.
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This research has several methodological limitations. 
First, the single- centre focus of this study will poten-
tially limit the generalisability of the results because all 
the data are gathered from one clinic. Nevertheless, we 
consider this single- centre design realistic since we are 
covering several care paths and anticipate a high volume 
of manual data collection (observations). To partially 
mitigate this shortcoming, we have chosen a focal clinic 
that adheres to European guidelines, meaning that the 
standard operating procedures and ways of working are 
comparable to other European clinics governed by the 
NVOG39 40 and ESHRE. These treatment protocols are 
publicly available for comparison purposes.41 The treat-
ment modalities we cover in this research project are 
described in detail in prior consensus statements issued 
by ESHRE.41–49 Furthermore, our findings are likely to be 
applicable in clinics that work according to WHO stan-
dards. To further improve the generalisability and bench-
marking potential, we aim to measure the duration of 
activities that involve alternative technologies or ways of 
working. For example, multiple methods for freezing and 
thawing embryos will be observed and measured (vitrifi-
cation and cryopreservation).

Second, the process mining will have limitations related 
to incomplete cases.50 For patients that have started but 
not yet finished treatment, an outcome state cannot be 
defined. We will address this limitation by restricting the 
sample to cases with known outcome states in robustness 
checks, which limits the size of the cohort. An associated 
issue is that, by using retrospective data (especially if only 
completed cases), the study will be impacted by techno-
logical advancements in fertility care, with earlier cohorts 
having been treated under different technological condi-
tions than those during our observations.

Third, TDABC studies can suffer from subjectivity 
because the cost calculations are heavily dependent on 
the time measures used, and these are typically estimated 
based on expert interviews. To address this limitation 
and improve the generalisability of our results given 
different staff experience levels, daily circumstances and 
patient characteristics, we will use time measurements 
during repeated observations to reach an average time 
per activity and process. This will also enable us to iden-
tify cost predictors associated with activities with variable 
durations as described previously.

ETHICS AND DISSEMINATION
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collection. We intend to publish the research in peer- 
reviewed journals and present it at relevant conferences 
and seminars.
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