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Appendix H: Average and median
durations observed

Appendix H table 1: Activity durations measured.

Lab Activity # Mean Meanperk Med Range Otherrelated
factors

General lab tasks

Fill liquid nitrogen tanks (bi-weekly) 3 43,7 44,0 42-45

Freeze donor sperm 3 36,0 36,0 35-37

Daily lab clean-up and afternoon checks 3 56,7 55,0 55-60

Daily lab start-up and morning checks 5 21,6 30,0 21-31

Medium preparation (Cryopreservation) 3 72,7 70,0  50-98

Weekly medium preparation (DMSO) 4 10,8 9,5 5-19

Weekly medium preparation (HTF Hepes) 3 11,3 10,0 10-14

Weekly medium preparation (HTF/HSA) 3 67,7 37,0 35-131

Weekly medium preparation (ST80 tubes) 3 27,4 30,0 21-31

Initial Fertility Assessment (IFA)

SST tubes and stickers (day in advance) 5 6,1 5,7 4-17
Semen received and washed for SST or 13 47,0 41,0 30-113  Sperm count
IVF/ICSI
using swim-out technique 51,80
using swim-up technique 42,43
thawed from frozen 55,00
SST insemination 4 12,8 13,0 5-20
SST evaluation 9 5,6 5,0 4-7
Urologist consultation 3 29,7 30,0 29-30 Case mix

Intra-uterine insemination (IUI)

1UI; Stickers and administration (day in 4 9,0 9,0 8-10

advance)

IUI: Semen received and washed for 1Ul 8 37,0 40,0  22-45 Case mix
using swim-out technique 41,33
thawed from frozen 31,50

Load catheter 3 5,7 6,0 5-6

In-vitro fertilization (IVF)

Phase 2 egg retrieval
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Appendix H table 1: Continued

Lab Activity # Mean Meanperk Med  Range Otherrelated
factors

IVF: dishes and stickers (day in advance) 4 23,7 1,17 per PO 24,0 12-34,8 HCP's skill

ICSI: dishes and stickers (day in advance) 6 50,3 3,39 per PO 52,5 29-175  HCP'sskill

ICSI: Embryoslide preparation (day in 3 14,0 1,20 per PO 16,0 8-18

advance)

ICSI: dishes and stickers (day of) 4 30,0 2,45 per PO 27,5 15-50 HCP's skill
Ovum pickup/Oocyte recovery after 13 345 5,22 per 36,0 15-66 HCP's skill,
puncture tube case mix
Phase 3 fertilization

ICSI: Hyaluronic Acid Wash incl preparing 9 28,2 2,51 per 30,0 6-49 HCP's skill

dishes oocyte
IVF: Oocyte denudation (day after 5 30,6 2,89 per 25,0 18-50 HCP's skill
puncture) oocyte
IVF: Insemination 7 10,4 9,0 4-26
ICSI: Insemination 10 58,9 9,5 per 45,0 28-108  HCP'sskill,
oocyte case mix
ICSI: Daily embryo evaluation 7 6,0 1,17 per 5,0 2-8
embryo
IVF: Daily embryo evaluation 7 6,7 1,04 per 5,0 3-12
embryo
Call patient to share results or schedule 8 5,6 50 4-10
appointment
Phase 4 embryo transfer
Embryo transfer: preparation of 3 50 50 5-5
wash media
Embryo transfer: room preparation and 7 34,9 36,0 27-44 HCP’s skill
lab work
Preparation for freezing 4 12,0 12,0 5-19 HCP’s skill
(dishes and media)
Freezing of embryos 9 29,1 30,0 19-33
using cryopreservation method 31,00 32,6
using vitrification method 27,60 29,0
Letter is made and sent to patient 3 5,0 5,0 5-5

Frozen embryo transfer (FET)
Preparation for thawing of embryo (dishes) 7 7,1 8,0 2-11

using devitrification method 7,00 75 HCP’s skill
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Appendix H table 1: Continued

Lab Activity # Mean Meanperk Med  Range Otherrelated
factors
using cryopreservation method 7,33 9,0 HCP’s skill
Thawing of embryo in preparation for FET 23 39,9 40,0  17-62 Case mix
using cryopreservation method 43,1 40,0

(blastocyst stage)

using cryopreservation method 46,1 50,0
using devitrification method 25,2 26,0
Total observations 218

Note: Average and median time observations, per lab task, and the associated cost predictors per activity
based on respondent’s statements and the observations. All times are given in minutes. Count refers to
the number of times the activity was observed (in total 218 observations). PO: predicted oocyte (refers to
the predicted number of oocytes based on ultrasounds prior to the follicular aspiration procedure.
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Appendix I: Capacity cost rates (CCRs)

We determined resource pools based on the treatment options offered, and such that
no treatment is allocated any costs that are not causally related to it. For example,
the laboratory’s costs were split into separate sub-departments to prevent allocating
lab costs to a treatment trajectory without a causal link. To illustrate, the ICSI-
lab is a separate cost pool because only patients undergoing IVF treatment with
ICSI insemination require use of this specific set of resources. To account for the
constant shifting of tasks between embryologists and analysts in the lab, we created
a weighted average CCR that reflects the staffing levels of the clinic, namely that
one embryologist is present for every three analysts working. This accounts for the
four-eye principle, and the fact that embryologists need to sign off on certain choices
or activities typically performed by analysts. Similarly, the gynecologist's CCR is a
weighted average of the gynecologist and his/her physician's assistant. The CCRs
cover the following costs: building rent, digital infrastructure costs, all medical and
support staff salaries, medical and non-medical equipment, disposables, medical
waste disposal, and weekly multidisciplinary team meetings.

Appendix I table 1: CCRs constructed and used.

Nr Name Description Rate

CCRO Overheads This rate covers the costs of building rent, IT €0,109
infrastructure, support staff and weekly team meetings,
divided by the practical capacity of all healthcare
professionals working at the clinic.

CCR1 Gynecologist This rate covers the costs of gynecologists and their €1,918
corresponding doctor's assistant, based on their salaries.
The practical capacity (denominator) is the total number
of hours the Gynecologist is available to handle patients.

CCR2 Physicians This rate covers the costs of the physicians, based on their ~ €1,077
salaries, relative to their practical capacity.

CCR3 Nurses This rate covers the costs of IVF Nurses, based on their €0,837
salaries, relative to their practical capacity.

CCR4 Clinic This rate covers clinic's procedure rooms' equipment, €0,207
disposables and medication stock. The practical capacity
(denominator) is the total number of hours a physician or
gynecologist is available to treat a patient in a procedure
room.

CCR5 Urologist This rate covers the costs of the Urologist, based on their €3,333
salaries, relative to their practical capacity.
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Appendix I table 1: Continued

Nr

Name

Description

Rate

CCR6

CCR7

CCR8

CCR9

CCRI0

CCRI11

CCR12

Lab staff

Lab - general

Lab - IVF

Lab-ICSlI

Lab - Freezing

Radiology staft

Laparoscopy OR
staff

This rate covers the costs of the embryologists and
laboratory analysts, as a weighted average, based on their
salaries and relative to their practical capacity. In this
case, one embryologist is present each day, alongside 3
analysts, and work is shared among staff as needed.

This rate covers the equipment and disposables of the
semen lab, including for example the centrifuges and
microscopes needed to wash and evaluate semen samples.
The practical capacity (denominator) is the total staff time
allotted to the semen lab.

This rate covers the equipment and disposables of the IVF
lab, including for example the incubators, microscopes,
and dishes to complete IVF or ICSI inseminations. The
practical capacity (denominator) is the total staff time
available to perform IVF related tasks.

This rate covers the equipment and disposables of the ICSI
lab, which is a secluded area of the lab only relevant to
ICSI inseminations. The practical capacity (denominator)
is the total staff time available to perform ICSI.

This rate covers all media, cryopreservation tanks, and
materials required to freeze, store and thaw embryos or
other material. The practical capacity (denominator) is the
total staff time available to cryopreservation tasks.

This rate is a weighted average of all staff required to
perform a hysterosalpingogram, which occurs in the
radiology department. This is a diagnostic image required
by a small subset of patients.

This rate is a weighted average of all staff required to
perform a laparoscopy, which occurs in the operating
room outside of the clinic. This is a diagnostic operation
required by a small subset of patients during the initial
fertility assessment.

€2,087

€0,446

€1,845

€1,205

€0,938

€ 2,089

€3,193

Note: Cost capacity rates (CCRs) identified and calculated. Disposables costing less than €10 per piece
were incorporated into the relevant CCR. Significant disposables greater than €10 per piece were
allocated directly to care paths, and not included in CCRs. Note: IFA: Initial Fertility Assessment,
IVF: in-vitro fertilization, ICSI: intracytoplasmic sperm injection, FET: Frozen embryo transfer,

IUl: intra-uterine insemination, Cryo.: Cryopreservation
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Appendix J: Interactive costing tool (Fert Eval)

The interactive costing tool developed throughout the project and referenced in
Chapter 4 is available at the following link:

https://doi.org/10.1007/s10198-024-01744-5 supplementary file 5The front-end of the

tool allows users to select treatments and to estimate per-trajectory costs and looks
as follows:

~&* Fert Eval

Diagnostics Input Cost estimate

Initial Fertility Assessment (IFA)

Number of diagnostic consultations with Gynecologist 2 € 162,15

HSG required? no (default) € -

Urology or Androlegy consultation with testicular ultrasound? 0 €

Diagnostic operation required? no (default) € -

Number of semen survival tests (SSTs) required? 1€ 19552
Initial Fertility A (IFA) cost estii € 503

In-vitro fertilization (IVF) intake

MNumber of diagnostic consultations with Gynecologist 0 €
HSG required? no (default) €
Urology or Andrology consultation with testicular ultrasound? 0 €
Diagnostic operation required? no (default) €
Number of semen survival tests (S5Ts) required? 0 €

IVF intake cost estimate €

Treatment cycles Input Cost estimate
Cycle 1 please select £€0,00
Cycle 2 pleass select £0,00
Cycle 3 please select £ 0,00
Cycle 4 please select £0,00
Cycle 5 please select £€0,00
Cycle 6 pleass select £0,00
Cycle 7 please select £ 0,00
Cycle 8 please select £0,00
Cycle 9 please select £0,00
Cycle 10 please select £€0,00
Cycle 11 pleass select £0,00
Cycle 12 please select £ 0,00
Cycle 13 please select £0,00
Cycle 14 please select £€0,00
Cycle 15 pleass select £0,00
Cycle 16 please select £ 0,00
Cycle 17 please select £0,00
Cycle 18 please select £0,00
Cycle 19 please select £€0,00
Cycle 20 please select £ 0,00
Total cost estimate € 502,96

Appendix ] figure 1: Front-end of costing tool.

On a second sheet, users can view and adjust the CCRs used as inputs, and see the
corresponding cost estimates per treatment cycle:
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% Fert Eval

Item Type Cost estimate

Ovulation induction Ol Gonadotropins € 963,00

Ol Clomid CC or Letrozole € 221,00

Intra-uterine insemination Ul with stimulation medication € 854,00

Ul with natural cycle € 518,00

U1 with stimulation medication € 854,00

In-vitro Fertilisation (IVF) IVF small € 2.479,00

IVF medium € 2.595,00

IVF large € 2.825,00

IVF/ICSI combination medium € 3.010,00

IVF/ICSI combination large €3.617.00

1C5l small € 2.740,00

1C3I medium € 3.291,00

ICSI large € 4.089.00

Frozen embryo transfer (FET)  FET with natural cycle € 940,00

FET with stimulation medication £€1.036,00

Expectant monitoring Expectant monitoring €0,00
Nr CCR name CCR per min

0 CCRO Building, facilities, support staf €0,1088

1 CCR1 Gyn with DA €1,9181

2 CCR2 Physician £1,0767

3 CCR3 IVF Murse €0,8369

4 CCR4 Clinic equipment, disposables €0,2070

5 CCRS Uroclogist €3,3333

& CCRé Staff lab | Embryologist & Ana € 2,0871

7 CCR7 General lab incl semen €0,4463

8 CCRS Lab IVF & IC3I € 1,8453

¢ CCR9 Lab ICsl € 1,2051

10 CCR10 Lab Cryo €0,9381

11 CCR11 Radiclogy € 2,0888

12 CCR12 OK Laparascopie €3,1931

Appendix ] figure 2: CCR input sheet of costing tool.

In a third and larger spreadsheet, each activity is programmed in one row and can be
adjusted. Making changes here is reflected in the first two interfaces of the tool, and
ensures traceability from input information to cost estimate:
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Appendix ] figure 3: Excerpt of costing tool, depicting each activity as one row that can be adjusted using
input fields on the right.
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Appendix K: Data Iinka\ge in the case of colorectal
cancer in Victoria, Australia

To build the longitudinal database described in figure 1 of the manuscript for CRC in
Australia, we integrated data from multiple sources, covering three major hospitals
in Melbourne. Data from two clinical registries, ACCORD57F49F' and TRACC58F50F?,
were linked with the three hospital's administrative datasets (VAEDS59F51F)
and primary care data (NPS Medicine Insight). The merged data provided a
comprehensive view of patient encounters, treatments, and medication usage related
to colorectal cancer. Activity costs were derived from VAED (WIES factor60F52F*) and
NPS Medicine Insight, through cost retrieval of medical services and pharmaceutical
prescription item numbers respectively available on MBS61F53F° and PBS62F54F8
websites. The project was part of a larger multi-center research program and had
received ethics approval by Royal Melbourne Hospital Ethics Board through the
BioGrid application (202003/8).

ACCORD is a comprehensive cancer outcomes and research database that collects
information on patients with various tumor types. For this study, patients
diagnosed with colorectal cancer were selected. ACCORD contains patients' clinical
characteristics, such as tumor type and treatments received, and utilizes an
encrypted unique swap identifier (USI) for data linkage. The Victorian Admitted
Episodes Dataset (VAED) provides information on hospital admissions, diagnoses,
and procedures in Victorian hospitals. The dataset includes encounters with the
healthcare system and covers patients admitted to public or private hospitals,
extended care facilities, or day procedure centers. The NPS Medicines Insight
database consists of de-identified electronic health records from Australian general
practices. It includes information on patient encounters, investigations, and
prescribed medications. After linking the ACCORD subset from the three hospitals
with the NPS Medicinelnsights and VAED data, 4336 unique patient records
remained. TRACC focuses on the treatment of recurrent and advanced colorectal
cancer, enrolling patients from Australian and Hong Kong hospitals. After linking
the TRACC data to the ACCORD subset, the linked dataset contained 4246 unique
patient records.

ACCORD; Australian Comprehensive Cancer Outcomes and Research Database
TRACC; Treatment of Recurrent and Advanced Colorectal Cancer

VAED; Victorian Administrative Episodes Data hospital administrative Datasets
WIES; Weighted Inlier Equivalent Separation factor

MBS; Medicare Benefits Schedule

PBS; Pharmaceutical Benefit Scheme

S
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In sum, we linked data from ACCORD, TRACC, VAED, and NPS Medicines Insight
to build a longitudinal database of all patient encounters (activities, consults,
surgeries, etc.) and medication usage related to CRC. Activity costs were derived
from VAED (WIES factor) and NPS Medicinelnsights. In NPS Medicinelnsights,
information related to prescriptions and medical services provided to patients by
general practitioners is available. This information corresponds to item numbers
that are found in the Pharmaceutical Benefits Scheme (PBS, drugs) and Medicare
Benefit Schedule (MBS, medical services). In the linked dataset, there is no cost data
available within NPS Medicinelnsights, however, it is possible to retrieve individual
item number cost online on PBS and MBS websites. Therefore, both websites were
scraped to retrieve cost data of all available items and data was uploaded onto the
secure server to attribute cost to items found in NPS Medicinesinsight.

In the case of CRC in Australia, we linked five sources of data to meet the requirements
discussed above. These data sources are summarized in appendix K table 1, per
phase of treatment relevant to CRC, and together these data sources cover the data
requirements described in the main manuscript. Each row details the data sources,
depicted in appendix K figure 1. In case of CRC, patients pass through 4 stages of
care. Lastly, life event data is required to define an end state to each patient pathway
(e.g., survivorship). To be able to link, merge and use such data, ethical approval
from the relevant institution(s) should be requested, detailing how the data will be/
is anonymized to ensure privacy [1-3]. It is considered best practice to categorize
data that is not needed in direct form, such as age or BMI, which in combination
with each other could enable the identification of individuals that fall outside the
normal distribution [1]. The combined registry data captures a total economic burden
of $ 60,63M AUD, across approximately 4000K/4 million care activities delivered. A
noticeable shortcoming of this dataset is that it covers very few patients treated with
radiation therapy (about 30) whereas it would be expected that about 15% of patients
were treated with radiation [4]. This may have been caused by the data joining
process, whereby several patients were excluded if data was incomplete following the
merge this or this may be related to inconsistent reimbursement (DRG) coding.
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Appendix K table 1: data sources for pathway construction.

General requirements for process mining with cost aggregation CRC case data sources
Pathway Data Timestamp data Sources

(examples)
(A) Indication General practitioner GP visit NPS

(B) Diagnosis

(C) Admitted Episodes

(D) Medications

€
Life events

All

data

Specialist diagnostics
data

Hospital data on
admitted episodes

Prescription
medication data

Life event data from
national registries

Cost data

Screening referral
Detected in another
admission

Imaging techniques (CT/
MRI)

Colonoscopy

Histology

Surgeries

Admission for
chemotherapy
Palliative care

Chemotherapy drug
during admission

Drug prescribed for side
effect

Diagnosis
Death, survivorship
Lost to follow-up

Annual standardized
service costs

DRGs, DBCs, or reference
prices

Cost estimates derived
from activity-based
costing techniques

Medicinelnsight,

NPS
Medicinelnsight,

VAED,
WIES Factor,
CPI

NPS Medicinelnsight,

ACCORD

TRACC, ACCORD

NPS Medicinelnsight,
VAED (WIES Factor)

Note: VAED: Victorian Admitted Episodes Dataset; ACCORD: Australian Comprehensive Cancer
Outcomes and Research Database; TRACC: Treatment of Recurrent and Advanced Colorectal Cancer;
PBS: Pharmaceutical Benefit Scheme, MBS: Medicare Benefits Schedule, CPI: Consumer price index
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VAED (WH) Victorian Admitted
Episodes Dataset (WH)
VAED (RMH) Victorian Admitted
Episodes Dataset (RMH)
NPS l NPS Medicinelnsight ‘
Treatment of Recurrent and
TRACC | Advanced Colorectal Cancer

ACCORD Australian Comprehensive Cancer Outcomes and Research Database

1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

Appendix K figure 1
Note: Summary of data used for colorectal cancer (CRC) case study and timeframes.
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Appendix L: Patient characteristics per dataset used

for CRC case study

Appendix L table 1: Sample characteristics.

Lifeevents, Admitted Chemo. Diagnostic  GP visits, Prescriptions
from episodes, Episodes test fromNPS  from NPS
ACCORD fromVAED fromVAED (N=50) (N=163) and ACCORD
(N=4246) (N=3233) (N=461) (N=84)
Gender
F 1792 (42.2%) 1357 (42.0%) 175(48.9%) 24 (48.0%) T4 (45.4%) 43 (51.2%)
M 2454 (57.8%)  1876(58.0%) 183 (51.1%)  26(52.0%) 89 (54.6%)  41(48.8%)
Age Group
<30 42 (1.0%) 38 (1.2%) 7(2.0%) 2 (4.0%) 2 (1.2%) 2 (2.4%)
30-39 113 (2.7%) 84 (2.6%) 16 (4.5%) 1(2.0%) 6 (3.7%) 2 (2.4%)
40-49 311(7.3%) 247(7.6%) 40 (11.2%) 4(8.0%) 18(11.0%)  7(8.3%)
50-59 698 (16.4%) 522 (16.1%) 82 (22.9%) 8 (16.0%) 29(17.8%)  9(10.7%)
60-69 1220 (28.7%) 950 (29.4%) 110 (30.7%)  16(32.0%)  55(33.7%) 32 (38.1%)
70-79 181(27.8%) 902 (27.9%)  70(19.6%)  11(22.0%)  30(18.4%)  19(22.6%)
80-89 572 (13.5%) 416 (12.9%) 29 (8.1%) 8 (16.0%) 20(12.3%) 10 (11.9%)
90+ 37 (0.9%) 27(0.8%) 1(0.3%) 0(0.0%) 1(0.6%) 2 (2.4%)
Unknown 72 (L.7%) 47 (1.5%) 3(0.8%) 0(0.0%) 2 (1.2%) 1(1.2%)
Tumor location
Colon 2580(60.8%) 1983(61.3%)  218(60.9%)  31(62.0%)  95(58.3%) 52 (61.9%)
Rectal 1508 (35.5%)  1153(35.7%)  132(36.9%)  19(38.0%)  64(39.3%) 30 (35.7%)
Other 19(0.4%) 17 (0.5%) 2(0.6%) 0(0.0%) 0(0.0%) 0(0.0%)
Undefined 139 (3.3%) 80 (2.5%) 6 (1.7%) 0(0.0%) 4(2.5%) 2 (2.4%)
Tumour Stage
A 763 (18.0%) 591 (18.3%) 37(10.3%) 10(20.0%)  37(22.7%)  17(20.2%)
B 1250 (29.4%)  923(28.5%)  77(21.5%) 17 (34.0%) 43(26.4%) 18 (21.4%)
c 1037 (24.4%) 802 (24.8%)  11(31.0%)  10(20.0%)  30(18.4%) 19 (22.6%)
D 646 (15.2%)  526(16.3%)  106(29.6%)  9(18.0%)  34(20.9%) 25 (29.8%)
Unknown 550 (13.0%) 391 (12.1%) 27 (7.5%) 4(8.0%) 19 (11.7%) 5 (6.0%)
Ethnicity/ Indigenous Status
Aboriginal 507(12.0%)  297(9.2%)  18(3.9%) 10(20.0%)  18(1.0%)  9(10.7%)
Not Ab/TS 3462 (81.6%) 2824 (87.4%)  335(72.7%) 36(72.0%)  135(82.8%) 70 (83.3%)
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Lifeevents,  Admitted Chemo. Diagnostic GPvisits,  Prescriptions
from episodes, Episodes test fromNPS  from NPS
ACCORD fromVAED  from VAED (N=50) (N=163) and ACCORD
(N=4246) (N=3233) (N=461) (N=84)
Torres Strait 18 (0.4%) 18 (0.6%) 1(0.2%) 0(0.0%) 0(0.0%)  0(0.0%)
Unknown 254 (6.0%) 93(2.9%) 107 (23.2%) 4(8.0%) 10 (6.1%) 5 (6.0%)
Remoteness
Inner Regional 224 (5.3%) 151 (4.7%) 18 (5.0%) 0(0.0%) 0(0.0%)  1(1.2%)
Major City 3959 (93.2%) 3056 (94.5%)  338(94.4%) 48(96.0%)  160(98.2%) 82 (97.6%)
Outer Regional 36 (0.8%) 18 (0.6%) 0(0.0%) 0(0.0%) 1(0.6%) 0(0.0%)
Remote 1(0.0%) 0 (0.0%) 0 (0.0%) 0(0.0%) 0(0.0%)  0(0.0%)
Unknown 26 (0.6%) 8(0.2%) 2(0.6%) 2 (4.0%) 2 (1.2%) 1(1.2%)
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Appendix M: Cost aggregation algorithm

The objective of the algorithm is to enhance the process maps with additional
information regarding the costs of each of the executed process steps. Thus, the
extension can aggregate the value of a custom defined numeric value, over all aligned
traces to a petri net. This function takes in four objects:

1. an event log L, which contains a set of traces to be aligned to the petri net,
2. the discovered petri net itself,

3. The start- and end markings M and M,

4. an aggregation function, such as the median, the mean, the sum.

The algorithm pseudocode is provided in appendix C figure 2. The initialization step
of the algorithm initializes an empty list O of numeric values, where the current cost
value will be stored (step 1). Then first, from the event log L, the set of traces @, is
stored and a list of all the activities or transition T, in the model A ,. Secondly, For
each level of hierarchy evaluated (H), each trace o in @, is aligned to model A, (step 2).
Then, for each activity aj(i) in the trace o aligned to transition T,, ;, the associated cost
value is aggregated by the specified aggregation function (in this case mean, although
minimum, maximum, or median are also possible) and stored in the initialized list O
(step 3). When all traces have been completed, the list O is concatenated to the list of
transitions T, in the model A ,, resulting in an annotated model (step 4). This results
in a decorated petri net with aggregated costs added to each transition or each
activity in the petri net. The costs are then added as an additional attribute, summing
all costs of the activities for the included cases (output).
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Input: Lh, Ay Mo, M¢ ,ﬁggregation
Output: ?\H,annotated

Step 0 1 Initialise list O with k components where k = number of
Initialise unique transitions Ty in the petrinet Ay

Step 1. For each k in O:

Subset 1. Let @u= {tul,tu2,...tui} denote the set of traces in Ln
Traces from of all case 7 in I on aggregation level H

log 2. Subset from L, all Tn,i in @n associated with Ay.
Step 2. For each h in H:

Align traces 1. Let An denote the set of aligned traces of all case i
on each in I on aggregation level H

Level 2. Au= Alignments (@(V) n, An) )

3. Let Mu denote the set of activities in the aligned
traces An associated with Ay of all caseiinIon
aggregation level H

Step 3. For each unique Tyin Mu:
Aggregate 1. Let Ok denote the total value of custom
node attribute on transition Ty
2. Ok :ﬁggregation(TH )
next Ty
Step 4. Next h
End Next k
Step 5. For each Ty in Ay
Add For cach Muin An
decoration IF Ty - MHu
to net )\'H,annotated= :fz‘idditoinﬁ(Ok 7)\'H)
End IF
next My
next Ty
Step 6. return }MH,annotated

Output:

Appendix M figure 1: Pseudocode node aggregation in petri net, which illustrates how the algorithm
aggregates costs.
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Appendix N: Enabling costing information items

and translations

Appendix N table 1: Items used for “enabling cost information” construct, in Dutch and English.

English
I feel that the cost system within my
organization

Dutch

Ik heb het gevoel dat het
kostensysteem binnen
mijn organisatie

Repair 1

Repair 2

Repair 3

Repair 4

Repair 5

Internal transparency 1

Internal transparency 2

Global transparency 1

Flexibility 1

Flexibility 2

Flexibility 3

enables me to work more efficiently
(e.g., by allowing me to compare
the costs of alternative processes or
technologies).

can help me deal with unforeseen
work problems.

allows me to recognize when things
are going wrong (e.g., when certain
processes, patients, or clients are
being handled inefficiently).

allows me to revise methods to
perform my work more efficiently.

allows me to identify opportunities for
improvement.

gives me useful information about
the cost of care (e.g., care pathways,
treatments) that was provided.

gives me useful information about
how to do my job.

allows me to understand the broader
processes within my organization.

enables me to make decisions to
deliver care more effectively.

allows me to make decisions to deliver
care more efficiently.

enables me to do my job more flexibly.

mij in staat stelt om efficiénter te
werken (bijv. door dat ik de kosten
van alternatieve processen of
technologieén kan vergelijken).

mij kan helpen bij het omgaan met
onvoorziene werkproblemen.

mij in staat stelt om te herkennen
wanneer er dingen fout gaan (bijv.
wanneer bepaalde processen,
patiénten, of cliénten inefficiént
worden afgehandeld).

mij in staat stelt om methoden te
herzien om mijn werk efficiénter uit
te voeren.

mij in staat stelt om
verbetermogelijkheden te
identificeren.

mij bruikbare informatie geeft
over de kosten van de zorg (bijv.
zorgtrajecten, behandelingen) die
werd geleverd.

mij bruikbare informatie geeft over
hoe ik mijn werk moet doen.

mij in staat stelt om de bredere
processen binnen mijn zorginstelling
te begrijpen.

mij in staat stelt om beslissingen te
nemen om de zorg beter te leveren.

mij in staat stelt om beslissingen
te nemen om de zorg efficiénter te
leveren.

mij in staat stelt om mijn werk
flexibeler uit te voeren.
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English
I feel that the cost system within my
organization

Dutch

Ik heb het gevoel dat het
kostensysteem binnen
mijn organisatie

Coercive 1

Coercive 2

Coercive 3

Coercive 4

Coercive 5

Coercive 6

Coercive 7

Coercive 8

Coercive 9

is designed to direct people's actions
toward the norms and standards of
higher (top) management.

is designed to direct people's actions
toward the norms and standards of
external agencies (e.g., governments,
inspection, health insurers or offices).

is used to limit the authority of
executive like me.

is used to limit the authority of
healthcare professionals (doctors,
nurses, etc.).

is used to report to senior (top)
management whether employees'’s
actions are conform to what was
planned.

is used to monitor employee
adherence to healthcare and/or
medical procedures.

is used to monitor whether employees
adhere to organizational procedures.

is used to communicate the
expectations of upper (top)
management, about how employees
should act as healthcare professionals.

is used to communicate the
expectations of upper (top)
management, about how employees
should act as managers.

is bedoeld om de acties van mensen
te sturen in de richting van de
normen en standaarden van het
hogere (top) management.

is bedoeld om de acties van mensen
te sturen in de richting van de
normen en standaarden van externe
instanties (bv overheden, inspectie,
zorgverzekeraars of kantoren).

wordt gebruikt om zeggenschap van
leidinggevende zoals ik te beperken

wordt gebruikt om de zeggenschap
van zorgprofessionals (artsen,
verpleegkundigen, enz.) te beperken.

wordt gebruikt om aan het hogere
(top) management te rapporteren of
medewerkers zich aan de planning
houden.

wordt gebruikt om te monitoren
of medewerkers zich aan
zorgprocedures en/of medische
procedures houden.

wordt gebruikt om te monitoren
of medewerkers zich aan
organisatorische procedures houden.

wordt gebruikt om te communiceren
over de verwachtingen van het
hogere (top) management, over

hoe zorgprofessionals dienen te
handelen.

wordt gebruikt om te communiceren
over de verwachtingen van het
hogere (top) management, over hoe
leidinggevende dienen te handelen.

Note: The items related to coerciveness are listed here but were not used in the analysis reported in
chapter 8. These items were chosen based on van der Hauwaert et al. (2022), Mahama and Cheng
(2013), and van Beuren and Dos Santos (2019), and are rooted in rooted in Adler and Borys (1996) and
Ahrens and Chapman (2004).
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Summary

Rising healthcare costs impact us all, regardless of our health. This thesis explores
the interdisciplinary challenge of healthcare costs by focusing on how and why co-
constructed cost management systems foster cost accountability, aid value-based
healthcare (VBHC) strategy implementation, and improve resource efficiency and
staff wellbeing in healthcare organizations. Using Practice theory, and by focusing
on one specific setting that exemplifies cost and workforce challenges, it explores
how changing perceptions of costs, and new cost information, impact daily medical
practices as treatments are personalized to patients. By implementing a novel
patient-level cost accounting intervention in a fertility clinic delivering medically
assisted reproduction (MAR) treatments such as in-vitro fertilization (IVF) over
three years, the thesis generated impact through value improvements in the form of
cost reductions and outcome improvements. It also extended our understanding of
how new treatment pathways stabilize compromises between patients, healthcare
providers, and society. By bridging the topics of cost pressure and workforce
wellbeing using Self-determination theory, it advances the field by illustrating how
and why enabling cost infrastructure is important to sustainable healthcare delivery.

Chapter 1 introduces the topic of healthcare costs from an organizational
and managerial perspective, explores why healthcare organizations lack cost
measurement or management infrastructure, and presents the research questions
and intervention. These research questions center around how cost concerns impact
medical decisions and lead to cost variation, how such variation can or should be
accounted for, and how or why cost information may contribute to staff’'s wellbeing
and motivation. Answering these questions sheds light on how, from both a technical
and social perspective, managerial accounting systems can enable strategies such as
VBHC and benefit the workforce.

Chapter 2 focuses on how, when, and why cost information has supported
organizational decision-making in prior research. It synthesizes findings from 3874
studies across medical domains to understand if, how, and why cost systems support
VBHC. It finds that granular costing methods (e.g., ABC, TDABC) help professionals
manage care by identifying cost drivers, enabling before/after comparisons, and
supporting process evaluations across groups and time. However, most studies are
recent, US-based, and focus on standardized care. True system implementation
is rare, and methods often vary so widely that terms like ‘ABC’ lose meaning. The
review identifies three best practices—process mapping, timed observations,
and clinician input—as vital to effective cost management system design and
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construction. These best practices were applied in the later chapters. Due to a lack of
prior studies implementing cost management systems in personalized care settings,
where patients require significantly different resources or care, we emphasize
the need for future research focused on (a) personalzied care and (b) organiztional
implementation rather than one-off economic analyses.

Chapter 3 focuses on the role of costs in daily decisions, when clinicians need to judge
what resources are necessary or appropriate for specific patients hoping to become
parents. Using Practice Theory and based on two years of ethnographic immersion
in a fertility clinic, the chapter examines how accounting practices influence daily
resource allocation decisions. It focusses on how clinicians engage in and develop
accounting practices, how this shapes their judgements of what resource use is
appropriate for individual patients, and reveals that accounting actions are integral
to medical practice. The chapter develops the concept of teleological indeterminacy
to explore how clinicians experience uncertainty during these valuations, because
they must anticipate how actions (now) will cause cost and performance outcomes
in distant and uncertain futures. In these moments, the costs of using more petri
dishes or other materials are weighed against distant outcomes like prengnacy and
parenthood. It shows how clinicians face uncertainty when applying standard rules
to personalized cases, such as in IVF. Accounting systems shape perceptions of what
constitutes “good practice,” yet clinicians often lack the practical foresight to predict
cost outcomes. This chapter illustrates how cost accountability emerges in practice
and the limits of rules in guiding resource use.

Chapter 4, informed by the prior chapters, presents the development of a novel
cost estimation method tailored to fertility care (TDABC-PM), which estimates per-
patient costs from consultation to pregnancy and birth. It treats each patient’s care
path as a unique cost object, capturing variation in resource use at the activity level
(e.g., number of consultations required, specific diagnostic activities delivered,
volume of embryos cultivated). Such cost predictors, when chosen by clinicians,
illustrate where and why cost variation occurs in the organization. It may prompt
staff to reflect on cost sources and accept new responsibilities by attempting to
improve or manage such costs. The method combines management accounting and
bioinformatics methods to enable full-cycle cost estimation, making it relevant to
other settings. In particular, because the method can capture patient-level variation
cross entire treatment pathways, it extends literature on TDABC and VBHC.

Chapter 5 applies this method to a decade of Dutch fertility treatment data
(13 203 treatments relating to 4190 pregnancy trajectories and 6822 male and female
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patients), identifying sources of cost and outcome variation. Informed by the previous
chapters, it demonstrates that costs incurred in the laboratory phases of care vary
due to six patient-level or organizational factors, such as the number of embryos
generated. It identifies key decision-making moments that significantly determine
costs and outcomes across entire pregnancy trajectories, and which impact costs in
subsequent treatments for that same patient. This informed three care delivery shifts
that improved the costs and outcomes of care provided:

1. Vitrification (a new method of embryo freezing and thawing)
2. Al-based embryo selection
3. Combined IVF/ICSI protocols

These shifts reduced costs by between €322 to €4089 per pregnancy trajectory,
or €1.3 million in the Dutch setting, while improving time-to-pregnancy. These
shifts, by preventing later treatments, made care more sustainable by reducing
the total number of treatments needed. This reduced staff workload, resource use,
and disposables use per pregnancy trajectory. The empirical results are relevant
to European clinics, which follow the same protocols, and which have been facing
significant growth in treatment demand (20% growth in demand in 2021; over 368 000
FET treatments we delivered in Europe in 2021). Paradoxically, these improvements
caused financial losses for clinics, as shorter treatment durations and fewer repeat
cycles reduced revenue. The TDABC model created is included in this chapter as
an open-access digital tool, designed to be maintained in the clinic and scaled to
other clinics or settings. The analysis reveals that decisions made during treatment
impact costs, resource requirements, and outcomes in later treatments — these
patterns cannot be identified using current diagnosis-related group prices (DRGS),
and allowed us to give concrete advice about how Dutch DRGs could be adjusted to
better account for changing technologies and resource consumption patterns. Lastly,
the chapter illustrates how and why TDABC systems must account for patient-level
variation to support local decision-making.

Chapter 6 extends the methodology to the Australian colorectal cancer setting, which
shares personalization challenges with fertility care, but features a more granular
reimbursement model. Using data from 4246 patient pathways and over 4 million
care activities (2012—2020), the chapter shows that inpatient admissions drive 93%
of costs, and that the costs of a treatment depend significantly on the timing of the
treatment in the patients’ trajectory. For instance, the costly chemotherapy regimen
Mflolfox 6 ($35 K AUD), is much more costly during stage C cancer than any other
stages. Importantly, this chapter illustrates that future interventions should aim



Summary | 419

to reduce costs of inpatient episodes, rather than focusing on drug and medication
costs as is often suggested. The algorithm developed in this project can be used by
practitioners and policymakers in other care settings, and the results reveal that the
relative timing of a treatment in the patients’ CRC trajectory significantly impacts
costs incurred.

Chapter 7 focuses on how new technologies stabilize cost and resource use patterns in
organizations through new pathways. It extends the analysis presented in chapter 5,
and the practice-theoretical perspective developed in chapter 3, by exploring how
new technologies like vitrification move resource use from later treatments rounds
onto earlier treatment rounds within entire pregnancy trajectories. The chapter
uses TDABC-PM across one decade of clinical data (4190 pregnancy trajectories, 18
445 care activities), participant observations (430 hrs), and a practice-theoretical
lens to identify key patterns in pregnancy trajectories. It illustrates that the value
of treatments to patients depend on their relative timing during the pregnancy
trajectory. For instance, the chapter finds that the 5" successive IUl treatment
offered, as is typically mandated by Dutch fertility care guidelines, has near-zero
success chances for patients and should be avoided. Because clinicians allocate
resources by considering the patients’ trajectory as a total package, rather than
individual treatments or products, the chapter shows that early treatment rounds
generate losses whereas later treatment rounds in the trajectory recuperate these
losses by requiring fewer human and material resources.

By zooming in on the vitrification technology, and by exploring how this care delivery
shifts improved value to patients and the health system but generates financial losses
for the clinic, the chapter illustrates that these compromises are unpredictable and
unfold over time. The chapter extends our understanding of how and why enabling
cost management infrastructure must capture costs retrospectively to improve value
in healthcare organizations.

Chapter 8 focuses on cost management behavior and workforce wellbeing. It builds
on the insights of the previous chapters by conceptualizing when, how and why
‘enabling’ cost information can empower individuals to manage costs in their daily
work. This chapter draws on Self-Determination Theory to empirically investigate
the relationships between cost information, psychological wellbeing, motivation,
and behavior. Using survey responses from 217 healthcare managers across diverse
medical contexts and organizations. The chapter shows that enabling cost information
significantly relates to psychological wellbeing (autonomy, competence, relatedness),
and that psychological needs satisfaction relates to improved motivation. When
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cost information is enabling, it contributes to repair practices, internal and global
transparency, and offers flexibility by allowing users to customize the system. These
findings are relevant, because psychological well-being and motivation are related to
lower chances of workplace stress and burnout, and should be prioritized.

Chapter 9 analyses the ‘doing of” interdisciplinary research - research between
multiple disciplines and sectors as I have engaged in across the previous chapters —
to analyze how such work impacts early career researchers, and to analyze what skills
and practices are required to do such work. Based on four years of autoethnographic
data from three early career researchers and a comparative analysis (50 hrs of
transcribed meetings, 600 pages of field notes), the chapter demonstrates that the
monodisciplinary organization of scientific institutions (e.g. Universities) limits the
generation, dissemination, and understanding of knowledge that does not fit neatly
into disciplinary silos. Whilst doing interdisciplinary work, junior researchers must
engage in three practices (condensing, staging, and trespassing) which can come to feel
like ‘dirty work’ within monodisciplinary spaces. The chapter provides advice to
early career scholars seeking to address interdisciplinary societal grand challenges
like healthcare costs, and contributes to literature on transdisciplinarity, knowledge
production, and researcher wellbeing. The practical recommendations regarding
how to organize and make space for transdisciplinarity can inform universities and
research teams hoping to generate transdisciplinary knowledge - this is often called
for when studying interdisciplinary challenges like healthcare workforce challenges,
rising costs, or sustainability.

Finally, in chapter 10, the thesis presents overarching contributions and
recommendations regarding cost management in healthcare. It discusses how
cost estimates may only be experienced as legitimate and actionable by staff for a
short period of time and are tied to specific organizations. This is because they are
considered outdated and meaningless once care delivery methods have changed
and may only facilitate learning and decision-making amongst those staff that
contributed to system construction. This leads to the conclusion that to improve the
‘value’ of care delivered, cost estimates:

1. Must reflect local routines and expenses, to be viewed as real, relevant, and
actionable by (managing) clinicians.

2. Should be traced retroactively as new technologies shift actions, time spent,
and materials used in unpredictable ways across different treatments. New
technologies and their protocols can shift resource use from one treatment to
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another, impacting the entire patient trajectory, and resulting in compromises
that unfold over time in unanticipated ways.

3. Can improve psychological wellbeing (autonomy, competence, relatedness) and
motivation when designed in an enabling way, which requires a high degree of
granularity such that different specialists can act on them within their limited
scope of autonomy.

These results suggest that undergoing the process of system construction and
maintenance is more important to an organization than the actual cost or
performance metrics generated. | urge future research to trace how enabling cost
management systems are co-created in practice, then implemented and adapted
over time, and in doing so come to change managerial and clinical practices. This
research must be prioritized over efforts to produce new cost ‘averages’; Such
averages quickly become outdated, and do not enable individuals to learn what
decisions lead to desired outcomes, where and how resources are consumed, or
what can be done to improve local routines. During such co-creation processes,
attention must be paid to if, when, or how individuals accept new accountabilities
for costs, resource use, or care sustainability. This is particularly important, as the
relationship between actions (now) and distant but hoped-for outcomes (e.g. patient
wellbeing, parenthood, recovery) become increasingly difficult to anticipate for staff.
As care is increasingly personalized to patients, such systems will need to account for
variation retroactively, to enable local learning and decision-making. This thesis has
demonstrated that, although treatments are standardized, the resources required
to deliver them are not. In personalized care settings, these standardized protocols
generate cost and resource use variation per patient as the protocols are applied in
practice. It is precisely within these spaces of difference that economically significant
improvements can be found, that co-created managerial cost accounting systems can
support local decision-making, and that different forms of value can be discussed,
estimated, and strived for.
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Samenvatting (Nederlands)

Stijgende zorgkosten en tekorten aan middelen raken ons allemaal op directe
en indirecte manieren. Dit proefschrift verkent de interdisciplinaire uitdaging
van zorgkosten door te focussen op hoe en waarom gezamenlijk ontwikkelde
kostenbeheersingssystemen kostenverantwoording bevorderen, de implementatie
van Waardegedreven zorg (WGZ, oftewel value-based healthcare, VBHC) strategieén
ondersteunen, en bijdragen aan efficiénter gebruik van middelen en het welzijn van
zorgpersoneel binnen zorgorganisaties. Gebruikmakend van Practice Theory, en
met een focus op één specifieke setting die exemplarisch is voor stijgende kosten
en toenemende vraag, onderzoekt het hoe veranderende percepties van kosten
en nieuwe kostinformatie het dagelijks medisch handelen beinvloeden wanneer
behandelingen worden gepersonaliseerd voor patiénten. Door de implementatie
van een vernieuwende kostprijsinterventie op patiéntniveau in een fertiliteitskliniek
die medisch begeleide voortplantingsbehandelingen (zoals in-vitrofertilisatie, IVF)
aanbiedt, genereerde het onderzoek over een periode van drie jaar impact in de
vorm van kostenreducties en verbeterde uitkomsten (time-to-pregnancy). Daarnaast
breidt het ons begrip uit van hoe nieuwe behandelingen onvoorziene compromissen
tussen patiénten, zorgverleners en de maatschappij met zich meebrengen door te
onderzoeken hoe en waarom effectievere behandelingen tot financiéle verliezen voor
de kliniek leidden. Door de themas kostendruk en personeelwelzijn te verbinden
levert het proefschrift een bijdrage aan het vakgebied door te laten zien hoe en waarom
een faciliterende kosteninfrastructuur essentieel is voor duurzame zorgverlening.

Hoofdstuk 1 introduceert het thema zorgkosten vanuit een organisatorisch en
managementperspectief, onderzoekt waarom zorgorganisaties vaak geen infra-
structuur hebben voor kostenmeting of -beheer, en presenteert de onderzoeksvragen
en de interventie. Deze onderzoeksvragen richten zich op hoe kostenoverwegingen
medische beslissingen beinvloeden en leiden tot kostenvariatie, hoe met dergelijke
variatie kan of zou moeten worden omgegaan, en hoe of waarom kostinformatie
kan bijdragen aan het welzijn en de motivatie van zorgpersoneel. Het beantwoorden
van deze vragen werpt licht op hoe, zowel vanuit technisch als sociaal perspectief,
managementaccountingsystemen strategieén zoals WGZ (VBHC) kunnen
ondersteunen en het zorgpersoneel ten goede kunnen komen.

Hoofdstuk 2 richt zich op hoe, wanneer en waarom kostinformatie in eerder
onderzoek besluitvorming binnen zorgorganisaties heeft ondersteund. Het
synthetiseert bevindingen uit 3874 studies over verschillende medische domeinen om te
begrijpen of, hoe en waarom kostensystemen VBHC ondersteunen. De analyse toont aan



Samenvatting | 423

dat gedetailleerde kostentoerekeningsmethoden (zoals ABC en TDABC) professionals
helpen bij het managen van zorg door kostenveroorzakers te identificeren, voor/
na-vergelijkingen mogelijk te maken en procesevaluaties over groepen en tijd te
ondersteunen. De meeste studies zijn echter van recente datum, afkomstig uit de
VS en richten zich op gestandaardiseerde zorg. Werkelijke systeemimplementaties
zijn zeldzaam, en de gebruikte methoden variéren vaak zodanig dat termen als ABC’
hun betekenis verliezen. De review identificeert drie best practices—procesmapping,
tijdsmetingen en input van zorgprofessionals—als essentieel voor een effectief
ontwerp en de opbouw van kostenbeheersingssystemen. Deze best practices zijn
toegepast in de latere hoofdstukken van dit proefschrift. Vanwege het gebrek aan
eerdere studies die kostenbeheersingssystemen implementeren in gepersonaliseerde
zorgomgevingen—waar patiénten sterk uiteenlopende middelen of zorg nodig
hebben—onderstrepen we de noodzaak van toekomstig onderzoek gericht op
(@) gepersonaliseerde zorg en (b) organisatorische implementatie in plaats van
eenmalige economische analyses.

Hoofdstuk 3 richt zich op de rol van kosten in dagelijkse beslissingen, wanneer
zorgverleners moeten inschatten welke middelen noodzakelijk of passend zijn voor
specifieke patiénten met een kinderwens. Vanuit Practice Theory en gebaseerd op
twee jaar etnografisch veldwerk in een fertiliteitskliniek onderzoekt dit hoofdstuk
hoe accounting praktijken dagelijkse beslissingen over middelengebruik beinvioeden.
Het richt zich op hoe zorgverleners deelnemen aan en zelf boekhoudpraktijken
ontwikkelen, hoe dit hun oordelen over passend middelengebruik voor individuele
patiénten vormt, en laat zien dat boekhoudkundige handelingen een integraal
onderdeel zijn van medisch handelen. Het hoofdstuk ontwikkelt het concept
teleological indeterminacy om te verkennen hoe zorgverleners onzekerheid ervaren
bij deze waarderingen, omdat zij moeten anticiperen op hoe hun handelingen (nu)
in de verre en onzekere toekomst kosten en uitkomsten zullen beinvloeden. In
zulke momenten worden de kosten van bijvoorbeeld extra petrischalen of andere
materialen afgewogen tegen verre uitkomsten zoals zwangerschap of ouderschap.
Het hoofdstuk laat zien hoe zorgverleners onzekerheid ervaren bij het toepassen
van standaardregels op specifieke patienten tijdens IVF behandelingen. Accounting
systemen beinvloeden hoe wordt waargenomen wat als “good medical practice” geldt,
terwijl zorgverleners vaak het praktische inzicht missen om kostengevolgen goed te
voorspellen. Dit hoofdstuk illustreert hoe kostenverantwoording in de praktijk tot
stand komt, en waar de grenzen liggen van regels als leidraad voor middelengebruik.

Hoofdstuk 4, gebaseerd op de voorgaande hoofdstukken, beschrijft de ontwikkeling
van een nieuwe cost estimation methode, specifiek gericht op fertility care (TDABC-
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PM). Deze methode berekent de per-patiéntkosten vanaf consult tot zwangerschap
en geboorte. Elk patiénttraject wordt gezien als een uniek cost object, waarbij variatie
in resource use op activity level wordt vastgelegd (bijv. aantal benodigde consulten,
specifieke diagnostische activiteiten, het aantal gekweekte embryos). Dergelijke cost
predictors, wanneer gekozen door clinici, maken inzichtelijk waar en waarom cost
variation binnen de organisatie optreedt. Dit kan het personeel stimuleren om na te
denken over cost sources en nieuwe verantwoordelijkheden te nemen, bijvoorbeeld
door pogingen te ondernemen om deze kosten te optimaliseren of te beheersen. Deze
aanpak combineert management accounting en bioinformatics methoden om full-
cycle cost estimation te realiseren, wat haar relevant maakt voor andere settings.
Doordat de methode variatie op patiéntniveau over volledige treatment pathways kan
vastleggen, vormt zij bovendien een uitbreiding van de literatuur rondom TDABC
en VBHC.

Hoofdstuk 5 past deze methode toe op een decennium aan data over zorgpaden (13
203 behandelingen, 4190 trajecten van 6822 mannelijke en vrouwelijke patienten),
waarbij bronnen van kosten- en uitkomstvariatie worden geidentificeerd. Op basis
van de voorgaande hoofdstukken toont het aan dat de kosten in de laboratoriumfasen
van de zorg variéren door zes patiént- of organisatiegebonden factoren, zoals het
aantal gegenereerde embryo’'s. Het beschrijft cruciale beslissingsmomenten die de
kosten en uitkomsten over volledige zwangerschapstrajecten aanzienlijk bepalen en
van invloed zijn op de kosten in latere behandelingen van die patiént. Dit leidde tot
drie veranderingen in de zorgverlening die de kosten en uitkomsten verbeterden:

1. Vitrificatie (een nieuwe methode voor het invriezen en ontdooien van embryo’s)
2. Kl-gebaseerde embryoselectie
3. Gecombineerde IVF/ICSI-protocollen

Deze veranderingen verminderden de kosten met €322 tot €4089 per
zwangerschapstraject (oftewel €1.3 miljoen in de Nederlandse context) en verkortten
de tijd tot zwangerschap. Doordat hierdoor latere behandelingen werden voorkomen,
werd de zorg duurzamer, omdat het totale aantal benodigde behandelingen
afnam. Dit verlaagde de werklast voor medewerkers, het gebruik van middelen en
het gebruik van wegwerpmateriaal per zwangerschapstraject. Paradoxaal genoeg
veroorzaakten deze verbeteringen financiéle verliezen voor klinieken, omdat kortere
behandeltrajecten en minder herhaalde cycli de inkomsten verminderden. Het in dit
hoofdstuk ontwikkelde TDABC-model wordt als open-access digitaal hulpmiddel
aangeboden, zodat het in de kliniek kan worden onderhouden en in andere klinieken
of settings kan worden toegepast. Uit de analyse blijkt dat beslissingen tijdens
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de behandeling de kosten, middeleninzet en uitkomsten in latere behandelingen
beinvlioeden—patronen die met huidige diagnose-related group-prijzen (DRGS) niet
zichtbaar zijn. Dit maakte het mogelijk om concreet advies te geven over aanpassingen
in de Nederlandse DRGs, zodat deze beter rekening houden met veranderende
technologieén en patronen in middelengebruik bij vruchtbaarheidsbehandelingen.
Ten slotte laat het hoofdstuk zien hoe en waarom TDABC-systemen rekening moeten
houden met variatie op patiéntniveau om lokale besluitvorming te ondersteunen.

Hoofdstuk 6 breidt de methodologie uit naar de Australische context van colorectale
kanker, die vergelijkbare personalization-challenges kent als fertility care, maar een
meer granulair reimbursement model heeft. Op basis van data van 4.246 patient
pathways en meer dan 4 miljoen care activities (2012—2020) laat het hoofdstuk
zien dat inpatient admissions 93% van de kosten bepalen, en dat de kosten van een
behandeling sterk afhangen van de timing van de behandeling in het traject van de
patiént. Zo blijkt het dure chemotherapy-regime Mflolfox 6 (35K AUD) in stadium
C aanzienlijk kostbaarder dan in andere stadia. Van belang is dat dit hoofdstuk
aantoont dat toekomstige interventies zich vooral zouden moeten richten op het
terugdringen van de kosten van inpatient episodes, in plaats van — zoals vaak wordt
verondersteld — de nadruk te leggen op drug- en medicatiekosten. Het in dit project
ontwikkelde algoritme kan worden ingezet door zowel practitioners als policymakers
in andere care settings. De resultaten tonen aan dat de relatieve timing van een
behandeling in het patiéntentraject een significante invloed heeft op de uiteindelijk
gemaakte kosten.

Hoofdstuk 7 richt zich op hoe nieuwe technologieén kosten- en middelen-
gebruikspatronen in organisaties stabiliseren. Het breidt de in hoofdstuk 5
gepresenteerde analyse en het in hoofdstuk 3 ontwikkelde practice-theoretical
perspectief uit door te onderzoeken hoe nieuwe technologieén, zoals vitrification,
het gebruik van middelen van latere behandelrondes verschuiven naar eerdere
behandelrondes binnen zwangerschapstrajecten. Het hoofdstuk maakt gebruik van
TDABC-PM (4190 zwangerschapstrajecten, 18 445 zorgactiviteiten) en kwalitatieve
observaties (430 uur) om de belangrijkste patronen in zwangerschapstrajecten te
identificeren. Het illustreert dat de waarde van behandelingen voor patiénten afhangt
van de relatieve timing tijdens het zwangerschapstraject. Zo blijkt uit het hoofdstuk
dat de vijfde opeenvolgende lUl-behandeling, zoals doorgaans voorgeschreven
door de Nederlandse richtlijnen voor vruchtbaarheidszorg, vrijwel geen kans op

succes biedt voor patiénten en daarom beter kan worden vermeden. Omdat clinici
middelen toewijzen door het patiénttraject als één geheel te beschouwen in plaats
van afzonderlijke behandelingen of producten, laat het hoofdstuk zien dat vroege
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behandelrondes verliezen genereren, terwijl latere behandelrondes deze verliezen
compenseren door minder menselijke en materiéle middelen te vereisen.

Door in te zoomen op de vitrificationtechnologie en te onderzoeken hoe deze vorm
van zorgverlening meer waarde oplevert voor zowel patiénten als het zorgsysteem,
maar tegelijkertijd financiéle verliezen meebrengt voor de kliniek, illustreert het
hoofdstuk dat dergelijke compromissen onvoorspelbaar zijn en zich gaandeweg
ontvouwen. Het hoofdstuk vergroot ons inzicht in hoe en waarom een faciliterende
kostenmanagementinfrastructuur de waarde in zorgorganisaties kan verbeteren.

Hoofdstuk 8 richt zich op kostenmanagementgedrag en het welzijn van medewerkers.
Het bouwt voort op de inzichten uit de voorgaande hoofdstukken door te
conceptualiseren wanneer, hoe en waarom ‘faciliterende’ kosteninformatie individuen
kan bekrachtigen om kosten in hun dagelijkse werk te beheren. Dit hoofdstuk baseert
zich op Self-Determination Theory om empirisch de relaties te onderzoeken tussen
kosteninformatie, psychologisch welzijn, motivatie en gedrag. Op basis van enquéte-
antwoorden van 217 zorgmanagers Nederland breed (uit verschillende medische
contexten en organisaties) laat het hoofdstuk zien dat faciliterende kosteninformatie
samenhangt met psychologisch welzijn (autonomie, competentie, verbondenheid),
en dat het vervullen van deze psychologische behoeften leidt tot een hogere mate
van motivatie. Wanneer kosteninformatie faciliterend is, draagt het bij aan ‘repair
work’, interne en algehele transparantie, en biedt het flexibiliteit door gebruikers
de mogelijkheid te geven het systeem aan te passen. Deze bevindingen zijn relevant
omdat psychologisch welzijn en motivatie significant samenhangen met een lagere
kans op werkgerelateerde stress en burn-out.

Hoofdstuk 9 analyseert het ‘doen van’ interdisciplinair onderzoek — onderzoek tussen
meerdere disciplines en sectoren, zoals ik in de voorgaande hoofdstukken heb gedaan
- om te onderzoeken hoe dergelijk werk invloed heeft op beginnende onderzoekers
en welke vaardigheden en praktijken nodig zijn om dit werk te kunnen uitvoeren. Op
basis van vier jaar auto-etnografische data van drie beginnende onderzoekers en een
vergelijkende analyse laat het hoofdstuk zien dat de monodisciplinaire organisatie van
wetenschappelijke instellingen (bijv. universiteiten) de totstandkoming, verspreiding
en het begrip van kennis die niet precies in disciplinaire silo's past, beperkt. Tijdens
het verrichten van interdisciplinair werk moeten junioronderzoekers drie praktijken
toepassen (condensing, staging en trespassing), die binnen monodisciplinaire
omgevingen kunnen aanvoelen als ‘dirty work’. Het hoofdstuk biedt advies aan
startende onderzoekers die zich richten op interdisciplinaire maatschappelijke
uitdagingen, zoals gezondheidszorgkosten, en draagt bij aan de literatuur over
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transdisciplinariteit, kennisproductie en het welzijn van onderzoekers. De
praktische aanbevelingen over hoe men transdisciplinariteit kan organiseren en
hiervoor ruimte kan creéren, kunnen universiteiten en onderzoeksteams helpen
die transdisciplinaire kennis willen genereren — iets wat vaak wordt bepleit bij het
bestuderen van interdisciplinaire uitdagingen zoals problemen rond het personeel in
de zorg, stijgende kosten of duurzaambheid.

Ten slotte presenteert het proefschrift in hoofdstuk 10 overkoepelende bijdragen
en aanbevelingen over kostenmanagement in de gezondheidszorg. Het bespreekt
hoe kostenramingen door medewerkers slechts gedurende een beperkte periode
als legitiem en bruikbaar worden ervaren, en verbonden zijn aan specifieke
organisaties. Dit komt doordat ze verouderd en betekenisloos worden zodra
zorgverleningsmethoden veranderen en mogelijk alleen leerprocessen en
besluitvorming faciliteren onder medewerkers die hebben bijgedragen aan de
constructie van het systeem.

Daaruit volgt de conclusie dat, om de ‘waarde’ van geleverde zorg te
verbeteren, kostenramingen:

1. Lokale routines en uitgaven moeten weerspiegelen, zodat ze als reéel, relevant en
legitiem worden gezien.

2. Achteraf moeten worden getraceerd, omdat nieuwe technologieén de
handelingen, de bestede tijd en de gebruikte materialen op onvoorspelbare wijze
kunnen verschuiven tussen verschillende behandelingen. Nieuwe technologieén
en hun protocollen kunnen het gebruik van middelen van de ene behandeling
naar de andere verleggen, wat gevolgen heeft voor het volledige patiénttraject
en resulteert in compromissen die zich in de loop van de tijd op onverwachte
manieren ontvouwen.

3. Het psychologisch welzijn (autonomie, competentie, verbondenheid) en de
motivatie kunnen verbeteren wanneer ze op een faciliterende manier zijn
ontworpen, wat een hoog detailniveau vereist zodat verschillende specialisten
ermee kunnen werken binnen hun beperkte mate van autonomie.

Uit deze resultaten blijkt dat het doorlopen van het proces van systeemconstructie
en -onderhoud voor een organisatie belangrijker kan zijn dan de feitelijke kosten- of
prestatiecijfers die eruit voortkomen. Ik benadruk het belang van vervolgonderzoek
naar hoe faciliterende kostenmanagementsystemen in de praktijk samen met
gebruikers worden gecreéerd, vervolgens worden geimplementeerd en gaandeweg
worden aangepast, en hoe ze daarbij de management- en klinische praktijken
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veranderen. Dergelijk onderzoek is van hogere prioriteit dan het produceren van
nieuwe ‘gemiddelde’ kosten; zulke gemiddelden raken snel verouderd en bieden
medewerkers niet de mogelijkheid om te leren welke beslissingen leiden tot gewenste
uitkomsten, waar en hoe middelen worden verbruikt en wat kan worden gedaan om
lokale routines te verbeteren.

Tijdens deze co-creatieprocessen is het bovendien van belang te onderzoeken of,
wanneer en hoe individuen nieuwe verantwoordelijkheden accepteren voor kosten,
middelengebruik of de duurzaamheid van zorg. Dit is vooral cruciaal aangezien de
relatie tussen huidige acties en toekomstige, gewenste uitkomsten (bijv. welzijn van
de patiént, ouderschap, herstel) voor het personeel steeds moeilijker te voorspellen is.
Naarmate zorg steeds meer gepersonaliseerd wordt, zullen dergelijke systemen achteraf
rekening moeten houden met variatie, om lokaal leren en besluitvorming mogelijk te
maken. Dit proefschrift heeft laten zien dat, hoewel behandelingen gestandaardiseerd
worden aangeboden, de middelen die nodig zijn voor de uitvoering ervan dat niet
zijn. In gepersonaliseerde zorgcontexten genereren deze gestandaardiseerde
protocollen variatie in kosten en middelengebruik per patiént wanneer ze in de praktijk
worden toegepast. Precies in deze ‘verschilruimtes’ zijn economische verbeteringen
van betekenis te vinden, kunnen co-gecreéerde managementsystemen voor
kostenverantwoording lokale besluitvorming ondersteunen en kunnen verschillende
vormen van waarde worden besproken, geschat en nagestreefd.
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