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Voor papa




Both sides now
Joni Mitchell

I've looked at clouds from both sides now
From up and down and still somehow

It’s cloud illusions I recall

I really don’t know clouds at all
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xii SUMMARY

Summary

Technological advancements are accelerating at an unprecedented pace, reshap-
Ing societies, economies, and individual behavior. While these innovations offer
benefits such as improved communication, and data-driven decision-making,
they also present challenges, including ethical concerns, inequality, job dis-
placement, and regulatory lag. Nowhere are these dynamics more critical than
In healthcare, where emerging technologies promise to address rising demand
and workforce shortages. However, the gap between technological potential and
real-world implementation remains wide.

Healthcare systems, particularly in surgical care, struggle to adopt and sustain
innovations like Al and robotics due to their complex, context-specific envi-
ronments. A projected global shortage of 12.9 million healthcare professionals
by 2035, with surgical nurses playing pivotal roles, underscores the urgency of
aligning technology with clinical practice. Many MedTech solutions fail to move
beyond pilot stages, hindered by a disconnect between design and real-world use.

This thesis investigates how medical technology interacts with the complex,
high-stakes environment of the operating room. Across five studies, it examines
both systemic and human-centered factors that influence technology adoption,
with a focus on workflow dynamics, performance metrics, and professional ex-
periences. A key finding is that successful implementation depends on integrat-
ing MedTech into clinical ecosystems, rather than introducing it as isolated tech-
nical upgrades.

Hospital hierarchies, limited professional autonomy, and insufficient involve-
ment of frontline staff — particularly nurses — create significant barriers to im-
proving workflows through technology in the operating room. While reducing
workload is often a primary objective, doing so without addressing job satisfac-
tion or preserving autonomy can lead to disengagement. The thesis advocates
for greater transparency in workflows and more inclusive innovation practices,
where technology is designed to support, not replace, human judgment.
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The research also draws parallels with other sectors, such as manufacturing and
finance, where automation has reshaped roles and skill requirements. Healthcare
faces similar crossroads: it must either upskill staff to manage and interpret tech-
nology or prioritize human-centric roles, or risk a polarized workforce — charac-
terized by growth in high-skill (e.g, tech integration, clinical data science) and
low-skill (e.g., basic support care) positions, while middle-skill roles diminish.
However, due to the inherently human nature of healthcare, hybrid systems that
combine technological support with human oversight are the most likely path
forward.

Recommendations for innovators, hospital management, and policymakers em-
phasize early user involvement, context-aware design, role clarity, data-driven
feedback, and frameworks that bridge engineering and clinical realities. Serious
games and interactive tools can aid understanding of OR complexities and foster
stakeholder dialogue.

The thesis concludes that technological advancement in healthcare is outpac-
Ing organizational change, leading to inefficiencies, staff dissatisfaction, and un-
deruse of promising innovations. Bridging this gap requires rethinking imple-
mentation as a design challenge in its own right — one that demands not only
technical solutions but also organizational and cultural transformation. Med-
Tech can only become a sustainable driver of improved care if professional au-
tonomy, workflow transparency, and staff well-being are prioritized throughout
the innovation process.
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Samenvatting

Technologische ontwikkelingen versnellen in een ongekend tempo en her-
vormen daarmee samenlevingen, economieéen en individuen. Hoewel deze in-
novaties voordelen bieden, zoals verbeterde communicatie en datagestuurde
besluitvorming, brengen ze ook uitdagingen met zich mee, waaronder ethische
vraagstukken, ongelijkheid, baanverlies en achterblijvende regelgeving. Nergens
1s deze dynamiek zo cruciaal als in de gezondheidszorg, waar nieuwe technol-
ogieén mogelijkheden bieden om de stijgende zorgvraag en het tekort aan per-
soneel aan te pakken. Toch blijft de kloof tussen technologische mogelijkheden
en daadwerkelijke toepassing in de praktijk groot.

Zorgsystemen hebben moeite om innovaties zoals kunstmatige intelligentie en
robotica effectief te implementeren en te behouden, vanwege de complexe en
contextgebonden aard van hun werkomgeving. Het wereldwijd voorspelde te-
kort van 12,9 miljoen zorgprofessionals in 2035, waarbij operatieassistenten een
sleutelrol vervullen, benadrukt de urgentie om technologie beter af te stemmen
op de klinische praktijk. Toch komen MedTech-oplossingen niet verder dan de
pilotfase, doordat er een kloof bestaat tussen ontwerp en praktische inzetbaar-
heid.

Dit proefschrift onderzoekt hoe medische technologie zich verhoudt tot de com-
plexe en veeleisende omgeving van de operatiekamer. In vijf studies worden zowel
systemische als mensgerichte factoren geanalyseerd die de adoptie van technol-
ogie beinvloeden, met specifieke aandacht voor werkprocessen, prestatie-indica-
toren en professionele ervaringen. Een belangrijke conclusie is dat succesvolle
implementatie afhangt van de integratie van MedTech in het bredere klinische
ecosysteem, in plaats van het introduceren van losse technische “upgrades”.

Ziekenhuishiérarchieén, beperkte professionele autonomie en onvoldoende be-
trokkenheid van zorgverleners aan de frontlinie — met name operatieassistent-
en — vormen aanzienlijke obstakels bij het verbeteren van werkprocessen met
behulp van technologie in de operatiekamer. Het verminderen van werkdruk is
vaak een belangrijk doel, maar als dit gebeurt zonder aandacht voor werkplezier
en behoud van autonomie, kan dit leiden tot demotivatie.



SAMENVATTING XV

Dit proefschrift pleit daarom voor meer transparantie in werkprocessen en een
inclusieve benadering van innovatie, waarin technologie bedoeld is om menseli-
jke besluitvorming te ondersteunen, niet te vervangen.

De studie trekt ook parallellen met andere sectoren, zoals de industrie en de fi-
nanciele sector, waar automatisering de invulling van functies en benodigde
vaardigheden ingrijpend heeft veranderd. De gezondheidszorg staat voor een
vergelijkbaar keerpunt: het personeel moet 6f worden bijgeschoold om technolo-
gie te kunnen beheren en interpreteren, 6f de nadruk moet liggen op mensgerichte
taken. Zo niet, dan dreigt een gepolariseerde arbeidsmarkt, waarin vooral hoog-
geschoolde (zoals tech-integratie, klinische datawetenschap) en laaggeschoolde
functies (zoals basale zorgondersteuning) groeien, terwijl functies op middel-
niveau afnemen. Gezien het sterk menselijke karakter van de zorg, is het echter
waarschijnlijker dat hybride systemen — waarin technologie menselijke super-
visie ondersteunt — de toekomst zullen bepalen.

Aanbevelingen voor innovators, ziekenhuismanagement en beleidsmakers
benadrukken het belang van vroege en betekenisvolle gebruikersbetrokkenheid,
contextbewust ontwerp, duidelijke rolverdeling, datagestuurde feedback en kad-
ers die de kloof tussen techniek en klinische praktijk helpen overbruggen. Se-
rious games en interactieve hulpmiddelen kunnen helpen om de complexiteit
van de operatiekamer beter te begrijpen en de dialoog tussen belanghebbenden
te stimuleren.

Dit proefschrift concludeert dat technologische vooruitgang in de zorg sneller
gaat dan de organisatorische aanpassingen die daarvoor nodig zijn, met als
gevolg inefficientie, ontevreden personeel en onderbenutte innovaties. Om deze
kloof te dichten, moet implementatie worden herzien als een ontwerpuitdaging
op zich — een uitdaging die niet alleen technische oplossingen vergt, maar ook
organisatorische en culturele verandering. MedTech kan alleen een duurzame
drijvende kracht worden voor betere zorg als professionele autonomie, transpar-
antie in werkprocessen en het welzijn van zorgverleners centraal staan in het
innovatieproces.
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18 INTRODUCTION

We are living in an era where technological advancements are not only fre-
quent but accelerating at an unprecedented pace. This exponential rate of inno-
vation is reshaping society, the economy, and individual behavior in profound
ways (Vernyuy, 2024). Driving this acceleration are multiple converging forces:
exponential growth in computing power, increased global connectivity, the vast
availability of data, and significant investment in research and development (Eu-
ropean Environment Agency, 2020). As technologies rapidly build on one anoth-
er, innovation cycles become shorter, enabling new solutions to emerge faster
than ever before (Persoon et al., 2020). While this brings clear benefits — such as
greater efficiency through automation, enhanced communication, and data-driv-
en decision-making — it also presents serious challenges. These include ethical
concerns, digital inequality, job displacement, and psychological strain from con-
tinuous adaptation (Floridi et al., 2018). Institutions and regulatory systems often
struggle to keep pace, leading to gaps in oversight and rising tensions around the
inclusiveness and trustworthiness of technological change (Vernyuy, 2024).

One area where these rapid technological shifts have particularly significant im-
plications is healthcare. Emerging technologies such as artificial intelligence, ro-
botics, and wearable devices offer the potential to address persistent challenges
in the sector, including rising patient demand, increasing case complexity, and
a global shortage of healthcare workers (Thacharodi et al, 2024; Topol, 2019).
However, healthcare systems often struggle to effectively implement and sus-
tain these innovations. The urgency is amplified by a projected global shortfall of
12.9 million healthcare professionals by 2035, with nurses accounting for approx-
imately 40% of this gap (World Health Organization, 2009, 2024). Surgical care
1s particularly at risk, as it is highly dependent on surgical nurses who not only
perform technical tasks but also play critical roles in intra-operative communi-
cation, coordinating workflows, and ensuring the practical integration of new
technologies into complex operating room environments (Porto & Catal, 2021).

The problem lies in the widening gap between technological potential and re-
al-world implementation. Despite the pressing need for innovation, many prom-
ising MedTech solutions fail to move beyond the pilot phase and are never
meaningfully adopted in clinical practice. This so-called “valley of death” between
development and implementation remains a persistent challenge in healthcare
(Cosma et al,, 2025).



INTRODUCTION 19

One key reason is a disconnect between technological design and the complex,
context-specific realities of clinical care (World Health Organization, 2010). In-
novations that overlook this complexity risk adding burden rather than support,
especially in already overstrained environments like the operating room.

Addressing this challenge requires more than technological excellence. It calls
for collaborative, practice-based approaches that bridge the worlds of engineer-
ing and clinical care. Medical process engineering plays a vital role in this effort
by systematically analyzing and improving workflows, thereby aligning innova-
tion with day-to-day practice. These interdisciplinary strategies are crucial not
only for effective implementation but also for supporting the well-being, adapt-
ability, and professional agency of healthcare workers (Allers et al.,, 2024; Yoda,
2016).

This thesis

This thesis contributes to a deeper understanding of how MedTech innovations
interact with the complex clinical reality of the operating room (OR) — a technolo-
gy-intensive, high-stakes environment central to hospital operations. Across five
complementary studies, this work examines both systemic and human-centered
dimensions of technology implementation. It explores how performance metrics,
professional experiences, and planning processes shape the uptake and use of
innovations in practice.

By studying the OR from multiple angles, this thesis aims to (1) highlight over-
looked factors thatinfluence implementation outcomes, (2) offer practical insights
for innovators working in and with hospitals, and (3) support the development
of technologies that are both context-aware and transferable across healthcare
institutions. While each chapter focuses on a distinct aspect of implementation,
together these chapters are guided by the overarching research question:

How can we better understand and support the effective and sustainable implementation
of medical technology in the operating room, considering both system-level processes and
the experiences of healthcare professionals?
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Readers guide

This thesis is structured around five studies, each addressing a different but in-
terconnected element of MedTech implementation in the operating room.

Chapter 1 presents a scoping review of scientific literature on OR performance
and MedTech evaluation. It identifies two critical gaps: (1) the well-being of
healthcare professionals — particularly surgical nurses — is often overlooked in
the development and assessment of technology, and (2) while innovations like
Al-driven planning tools attract attention, their successful integration into daily
OR routines remains rare in practice.

Chapter 2 responds to the first gap by examining how MedTech influences sur-
gical nurses’ workload and job satisfaction. Drawing on interviews and observa-
tions across varying levels of technological complexity, this chapter highlights
design and implementation considerations for reducing unintended burdens on
staff and improving acceptance.

Chapter 3 follows up on the second gap by investigating how OR planning is ac-
tually organized in practice. Based on a cross-sectional study of all Dutch uni-
versity medical centers, it maps current planning strategies, clarifies roles and
responsibilities, and uncovers common challenges that hinder the adoption of
planning innovations.

Chapter 4 builds on these findings to explore the transferability of OR planning
approaches. Through a comparative case study of one academic and one regional
hospital, the chapter investigates how organizational context shapes the success
or failure of implementation efforts, offering insights into what makes a strategy
adaptable across settings.

Chapter 5 shifts focus to the broader impact of systemic constraints, such as
workforce shortages and limited OR capacity. It introduces the design and evalu-
ation of a serious board game aimed at future patients and healthcare stakehold-
ers, simulating the real-life trade-offs involved in OR scheduling. The chapter il-
lustrates how game-based learning can foster awareness and empathy in a time
of increasing pressure on surgical services.
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How can we better understand and support the effective and sustainable imple-
mentation of medical technology in the operating room, considering both sys-
tem-level processes and the experiences of healthcare professionals?

CHAPTERI

Operating room performance optimization met-
rics: a systematic review

In literature, there is little focus on the Literature shows that improving OR
well-being of healthcare professionals - - planning with technology is difficult

CHAPTERII CHAPTERIII
Redefining Effective Operating Room
Surgery Assistance: Planning and Utili-
Impact of Operating zation Strategies of
Room Technology on University Medical
Intra-operative Nurs- Centers
es’' Workload and Job

Satisfaction CHAPTER IV
Operating Room

Planning and Utiliza-
tion Strategies: a Case
Study

CHAPTERV

Development of a Serious Game to Raise Aware-
ness Among Future Patients About Day-of-Surgery
Cancellations

Medical technology can succesfully optimize the workflow of the OR if it is designed
with the whole OR team in mind and if hospital data is used to create transparency.

Figure 1 Structure of this dissertation
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OR Performance Metrics

Operating room performance optimization metrics:
a systematic review

Literature proposes numerous initiatives for optimization of the Operating Room
(OR). Despite multiple suggested strategies for the optimization of workflow on
the OR, its patients and (medical) staff, no uniform description of ‘optimization’
has been adopted. This makes it difficult to evaluate the proposed optimization
strategies. In particular, the metrics used to quantify OR performance are diverse
so that assessing the impact of suggested approaches is complex or even impos-
sible. To secure a higher implementation success rate of optimisation strategies
in practice we believe OR optimisation and its quantification should be further
investigated. We aim to provide an inventory of the metrics and methods used
to optimise the OR by the means of a structured literature study. We observe that
several aspects of OR performance are unaddressed in literature, and no studies
account for possible interactions between metrics of quality and efficiency. We
conclude that a systems approach is needed to align metrics across different el-
ements of OR performance, and that the wellbeing of healthcare professionals is
underrepresented in current optimisation approaches.

List of Abbreviations

OR Operating Room

FMEA Failure mode and effects analysis
VSM Value Stream Mapping

ER Emergency Room

OSH Occupational Safety and Health
PACU Post Anaesthesia Care Unit

This chapter is published as:

Schouten, A. M, Flipse, S. M., van Nieuwenhuizen, K. E., Jansen, F. W, van der Eijk, A. C,, & van den Dobbelsteen,
J.J.(2023). Operating room performance optimization metrics: a systematic review. Journal of Medical Systems,
47(1), 19.
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1.1 Background

Operating Room (OR) performance optimization is investigated from many an-
gles and numerous different strategies are proposed. Think hereby of new sys-
tems based on data analysis that enable more efficient OR scheduling. However,
many of these promising initiatives that are meant to improve the OR do not
seem to land in practice(1). Suggested changes do not always fit the overall work-
flow of the OR, or they solve the targeted problem ineffectively. Creating a support
base amongst the people that implement or work with the innovation also tends
to be problematic(2). To enable improvement of OR performance with innova-
tions that fit well in practice, it should be clear what is exactly meant with the
term OR performance. Furthermore, to know if an innovation improves overall
OR performance, one must know how to measure the overall performance.

Below, we discuss what OR performance means according to literature and which
elements it contains. Next, to investigate how to measure OR performance we
make an inventory of the metrics used in literature to measure OR performance.
Finally, to investigate how the field approaches OR performance optimization, we
collected studies on this topic and addressed what methods were used and what
aspect of OR performance the research focussed on. Besides perspectives on pa-
tients and healthcare professionals, we also consider economic perspectives on
the OR on hospital budgets.

1.1.1 Pressures for change in the OR

The OR comprises a complex environment with multi-layered social interac-
tions, unpredictability and a low tolerance for mistakes(3). Irregularities in the
workflow are often triggered by a combination of factors such as demanding
caseloads, pressure to perform complex tasks and conflicting priorities. This can
result in increased mental strain and stress amongst the healthcare profession-
als(4). Irregularities in workflow on the OR also impact patients. Approximately
60% of the patients visit the OR at some point during their hospital stay(5). Un-
dergoing hospital admission and an operation makes many people experience
emotions such as nervousness, agitation and uncertainty. Irregularities in the
process can worsen this(6).
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Accounting for about 35% to 40% of the costs, the OR is a large contributor to a
hospital’s finances, also being one of the most costly units (7—9). Over the past
years, healthcare costs have increased and diminishing returns have prompted
healthcare administrators to alleviate institutional costs through reductions in
budget allocations(10). Partly driven by the increasing demands for care on the
one hand, and constrained resources on the other, a technological evolution has
taken place over the last decades. This has played an important role in the de-
velopment of surgery and resulted in dramatic changes in working conditions
within the OR(11). But healthcare professionals are not always prepared for this
transformation of their work. Healthcare professionals are reported to lack prepa-
ration for radical (technical) changes in their work(12).

Despite the growing influx of new healthcare professionals, the sector experi-
ences a major exodus of healthcare professionals. Causes are the heavy work-
load and a lack of autonomy. The limited autonomy of healthcare professionals
in their daily work is appointed as a long-standing issue(12). Research from the
Dutch doctors organisation De Jonge Dokter has interviewed 622 young doctors
about their work. About 50% of the interviewees has thought about quitting their
job due to high work pressure, emotional pressure and working culture(13).

The impact of the workflow of the OR on patients, pressure on healthcare profes-
sionals that work on the OR, the vast changing work environment and econom-
ical constraints make that optimizing the OR is high on the academic agenda.
However, the high expectations of patients, interactions between different pro-
fessionals, unpredictability and complex surgical case scheduling make man-
aging and changing the system difficult. Attempts to resort to commonly used
industrial principles to increase factors such as efficiency have been demonstrat-
ed to easily fail due to these (and possibly other) particular characteristics of the
OR(7): human factors have too great of an impact to standardize and automate
certain OR processes. Another complicating factor is the divergent perspectives
on OR performance optimization.

1.1.2 OR performance optimization metrics

The metrics used to quantify OR performance optimization reported in literature
are diverse(14). Many articles focus on the efficiency aspect of OR performance
optimization, some focus more on the quality aspects. For example, the work
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of Bellini et al. (2019) speaks of the optimization related factor efficiency in the
sense of more precise scheduling and limiting waste of resources. Costa Jr. et al.
(2015) speak of both efficiency and optimization, hereby focussing on resources
and time management. Sandbaek et al. (2014) refer to OR efficiency as maximiz-
ing throughput and OR utilization while minimizing overtime and waiting time,
without additional resources. Tanaka et al. (2011) assesses OR performance using
indicators such as the number of operations, the procedural fees per OR, the to-
tal utilization time per OR and total fees per OR. Rothstein & Raval (2018) refer to
the metrics of OR efficiency based on the Canadian Paediatric Wait Times Proj-
ect: off-hours surgery, same-day cancellation rate, first case start-time accuracy,
OR use, percentage of unplanned closures, case duration accuracy, turnover time
and excess staffing costs.

Alternatively, Arakelian, Gunningberg and Larsson (2008) emphasize that apart
from cost-effectiveness, work in the OR should be organized to fulfil the demands
on patient safety and high-quality care. From their perspective, OR departments
must create efficient ways of planning and processing the work, while at the
same time maintaining the quality of care. These authors also show that there
are diverging perspectives among OR personnel on what efficiency and produc-
tivity entail.

The previous paragraphs illustrate that when speaking about OR performance
optimization, different terminology is being used. Furthermore, although many
studies focus on how to optimize or monitor certain aspects of the OR, studies

Table 1 OR performance includes four aspects: 1. Patient safety 2. Quality of care 3.
Cost-effectiveness 4. Well-being healthcare professionals.

OR Performance

Efficiency Cost-effectiveness(17)
Maximizing throughput and OR utilization while

minimizing overtime and waiting time, without

additional resources (16).

Quality Quality of care(17)

Patient Safety(17)

Well-being healthcare profession-
al(12)
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on the impact of these changes on the quality and efficiency of the hospital as a
whole appear to be lacking. This may lead to uncertain optimisation strategies
that are difficult to substantiate with supporting evidence(15). Table 1 summa-
rizes both quality and efficiency aspects of OR workflow and strives to align the
methods and metrics to assess OR performance in terms of 1. Patient safety 2.
Quality of care 3. Cost-effectiveness and 4. Healthcare professional well-being.

1.2 Method

A systematic literature review was conducted to make an inventory of metrics
for optimization of the OR in literature. We used the search engines Scopus, Web
of Science and PubMed with the search terms: “Operation Room” AND Optimi-
zation and Workflow AND Optimization AND Hospital. We limited the search
to articles that discuss ways to optimize the OR as a system, not the performed
medical interventions themselves. Furthermore, articles that were not written
in the English language or did not belong to the category healthcare or medicine
were excluded.

1.2.1 Analysis

An inventory of the topics of the articles was made by filtering out 1. the focus/
aim of the study, 2. the method used and 3. the conclusion. Optimization strate-
gies in other hospital departments might be transferable to the OR as well. There-
fore, to gain insight in the distribution of optimization strategies on the different
departments of the hospital, the articles were analysed by labelling the opera-
tional department the research is focussed on, which topic was investigated, and
which method was used. After creating this overview, only data about the OR
was used. To obtain OR performance metrics a second analysis was conduct-
ed: OR performance characteristics from the articles were split into aspects with
their corresponding metrics.

Coding nodes

Overall categories for departments, topics and methods were identified based on
the first 50 articles, as the authors felt a saturation rate for new categories was
reached. The remaining articles were then labelled within these categories. To
illustrate, Table 2 shows two sections that were both labelled as the metric T_3
and two sections that were labelled as the method M_8.
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Table 2 Sections from articles that were labelled as T_3 and sections that were labelled
as M_8, to illustrate when these sections fall in the same category.

Topic label T_3: Optimize patient flow

1 “In most hospitals, patients move through their operative day in a linear fashion,
starting at registration and finishing in the recovery room. Given this pattern,
only 1 patient may occupy the efforts of the operating room team at a time. By
processing patients in a parallel fashion, operating room efficiency and patient
throughput are increased while costs remain stable” (18).

o “The main objective of this work is to propose and to evaluate a Decision Support
System (DSS) for helping medical staff in the automatic scheduling of elective
patients, improving the efficiency of medical teams’ work” (5).

Method label M_8: Computational

1 “Tosolve the allocation of doctors to surgeries planning problem, also addressed
in literature as Master Surgical Schedule (MSS), we propose a mathematical pro-
gramming approach” (19).

o “In this study, three optimization models were developed for optimizing operat-
ing room scheduling during unexpected events and accommodating emergency
patient surgeries in the established schedule. The first model (Model I) sched-
ules emergency patients in newly opened rooms, whereas the second model
(Model II) aims to assign emergency patients to untapped ranges; the third mod-
el (Model Ill) re-sequences elective and emergency patients in the room with the
greatest free margin” (20).

Coding the articles

Some articles mention multiple topics or methods. If multiple topics were men-
tioned, the article was labelled for the topic which had the most emphasis. This
is illustrated in Example 1, where both the topics patient throughput and costs are
mentioned. However, the emphasis is on patient throughput. For topics the article
was therefore labelled as T_3: Optimize patient flow.

Example 1: “In most hospitals, patients move through their operative day in a linear
fashion, starting at registration and finishing in the recovery room. Given this pattern,
only 1 patient may occupy the efforts of the operating room team at a time. By process-
ing patients in a parallel fashion, operating room efficiency and patient throughput
are increased while costs remain stable”(18).

When labelling the articles for their method, it occurred that an article investi-
gates an optimization possibility and method by means of a literature study. The
method of the article was then labelled as literature study.
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In Example 2, the article investigates how workflow can be improved by identify-
ing the potential failures of the system by means of a management tool.

Example 2: “Failure mode and effects analysis (FMEA) is a valuable reliability man-

agement tool that can pre-emptively identify the potential failures of a system and
assess their causes and effects, thereby preventing them from occurring. The use of
FMEA in the healthcare setting has become increasingly popular over the last decade,
being applied to a multitude of different areas. The objective of this study is to review
comprehensively the literature regarding the application of FMEA for healthcare
risk analysis”(21).

However, the effects of the management system on workflow are investigated by
a literature study. For methods the article was therefore labelled as M_1: Litera-
ture study. In the results the coded articles are displayed in 3 sunburst graphs: the
first shows the distribution of methods and topics of all hospital departments, the
second contains the distribution of methods and topics on the OR. To elucidate
the OR data, the third graph shows a selection with the biggest categories of the
second sunburst (categories with N > 3). Some of the smaller categories are illus-
trated with examples in the text.

Validation

The labelling was performed independently by two of the authors. Discrepancies
were discussed and adjusted by obtaining consensus.
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1.3 Results

In this section, the results of the inventory of OR performance metrics and the
addressed OR performance topics in literature are shown.

1.3.1 Review statistics

Figure 1 shows the search engines, search terms and number of papers found.
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Identification

Articles identified through search
on Pubmed, Scopus and Web of
Science data bases.

- Search string 1: “Operating
Room” AND Optimization (n =
5009)

- Search string 2: Workflow AND
Optimization AND hospital (n =
1777)

Screening

Qualified Articles
n =664

Eligibiligy

Articles with titles, abstracts and
keywords screened.
n=110

Included

Articles included in literature
study.
n=110

Figure 1 Literature search method used to make an inventory of the current literature

on OR optimization.



34 OR PERFORMANCE METRICS

1.3.2 OR performance metrics
Based on Table 1, the characteristics of OR performance (efficiency and quality)

have been split up into aspects and were then further specified into metrics (Ta-
ble 3).

Table 1 OR performance includes four aspects: 1. Patient safety 2. Quality of care 3.
Cost-effectiveness 4. Well-being healthcare professionals.

Characteristic Aspect Ref. Metric Ref.

Efficiency OR throughput  (16) Number of operations per OR per month. (22)
OR utilization (16) Total utilization time per OR per month (hours). (22)

Time (overtime, (16) Off-hours surgery per OR per month (hours) (3)
waiting time) (Results from urgent add-on cases or case
over-runs).

Same-day cancellation rate per OR per month (3)
(classify per cause and time of day.)

First case start-time accuracy per OR per (3)
month (%).

OR use per OR per month (hours) (3)
(Distinguish between overall utilization time

(time something is occurring on the OR) and
operating-specific utilization (time between

first incision and final closure as a percentage

of the room’s overall “open” period.)

Percentage of unplanned closures per OR per (3)
month (%) (may occur due to equipment defi-
cits etc.).

Case duration accuracy per OR per month (%) (3)
(useful to distinguish between true case time

(from patient entry till patient exit) and turn-

over times).

Turnover time per OR per month (hours) (from  (3)
patient exit till next patient entry)

Excess staffing costs per OR per month (€) (can  (3)
be the result of both over-utilization (pay staff
for overtime) and underutilization)

Resources (16) Procedural fees per OR per month (€) (22)

Total fees per OR per month (€) (22)

Quality Quality of care & (17) Number of problems per patient as a result of (12)
patient safety exposure to the healthcare system per OR per

month
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Well-being
health care pro-

fessionals

Autonomy

(12) Workload (number of cases per OR staff mem-  (12)
ber per month)

(12)

1.3.3 Addressed OR performance topics in literature

Table 4 shows the categories used to analyse the articles, the corresponding la-
bels and their names. In Appendix 1.1, Supp. Tab. 1, the topic category and their
corresponding sources are presented.

Table 4 The categories used to analyse the articles, corresponding labels and names.

Category  Label Name Description
Depart- D_1 OR OR department
ment
D_2 ER ER department
D_3 Outpatient clinic Outpatient clinic department
D_4 Patient clinic Patient clinic department
D_5 Hospital Hospital in general
Topic T_1 Optimize role of surgeon
T_2 Reduce delays
T_3 Optimize patient flow
T_4 Reduce costs
T_5 Optimize management Organisational management, risk
management etc.
T_6 Optimize teamwork
T_7 Reduce non operative time
T_8 Optimize anaesthesia procedure Can be optimization of both medica-
tion and procedure.
T_9 Define OR efficiency
T_10 Optimize scheduling Scheduling of operations, medical
staff etc.
T_11 thimize overall equipment effec- Use equipment in a more effective
tiveness way.
T_12  Optimize workflow tracking Such as an engineering perspective

systems

or VSM (Value Stream Mapping)
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T_13  Optimize overall productive ca-
pacity of a department

T_14  Optimize department design Physical rearrangement or redesign
of a department.

T_15 Reduce workload

Method M_1 Literature review
M_2  Analysing data

M_3 Experiment with patients

M_4  Experiment with surgeons

1.3.4 Distribution of the labels

Appendix 1.2, Supp. Fig. 1, shows a sunburst graph that illustrates the distribution
of the labels per department (D_x). To give an overview that represents the distri-
bution of departments in a hospital, only the data from the second search crite-
ria (Workflow AND Optimization AND Hospital) was included in this graph. The
inner circle contains the different departments, namely the OR, ER (emergency
room), outpatient clinic, patient clinic and the hospital in general. The middle
circle shows the corresponding methods, the outer circle shows the topics. Most
articles focus on the OR (D_1, N = 16). The ER receives less attention (D_2, N = 2).
There were no articles that were labelled for outpatient clinic (D_3).

In Appendix 1.2, Supp. Fig. 2 zooms in on methods and corresponding topics of
just the OR. This graph includes all OR data from both search criteria and shows
the methods, topics and number of articles in each category. In Figure 2, a se-
lection of the OR sunburst graph is displayed. This selection contains the most
frequent combination of period, method and topic (N > 3). Most articles have the
aim to optimize scheduling (N = 7), workflow tracking (N = 5) and patient flow (N
= 4) by computational means such as machine learning.
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Figure 2 Selection of the sunburst graph, showing the seven main categories.
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All data was then stratified by the means of a bar chart. Figure 3 shows the data
while looking at different methods per topic. Computational methods (M_8) are
used most frequently (N = 41). The methods that were used the least are experi-
ments with the medical staff (M_7, N = 2) and system engineering (M_10, N = 2).
The most investigated topics are patient flow (T_10, N = 18), OR scheduling (T_3,
N =17) and workflow tracking systems (T_5, N = 15).

B M_1 Literature review

B M_2 Analysing data

- M_3 Experiment with
patients
M_4 Experiment with
surgeons

B M_5 LEAN
M_6 Experiment with
department team
M_7 Experiment with
hospital staff

m M_8 Computational
M_9 OSH integrated
risk management

M_10 System
engineering

‘“
S GG
= N

%
~

Figure 3 Bar chart with the different methods per topic.

1.4 Discussion

In this study we addressed what methods were used in other studies, what as-
pect of OR performance they focussed on, and for which department the effects
were to be relevant. We aimed to investigate how the field approaches OR perfor-
mance optimization and to create an overview of OR performance metrics for the
categories of patient safety, quality of care, cost-effectiveness, and the well-being
of healthcare professionals.

Most studies focused on patient safety, quality of care and cost-effectiveness.
This might be explained by the fact that healthcare has a central focus on patient
wellbeing and clinical outcome measures. One striking result from this study is
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that the well-being of healthcare professionals is largely ignored in OR optimiza-
tion studies. lll-performing in these areas may contribute to staff shortages.
Therefore, we deliberately added the well-being of healthcare professionals as
a crucial aspect of OR performance as we feel that this is a subject that must be
taken in account in OR optimisation.

By taking all four categories within OR performance as a starting point for the
delineation of the ways to measure OR performance, we strive to create an all-en-
compassing overview of relevant metrics in literature. More metrics were found
for efficiency than for quality aspects. This was as expected because efficiency
tends to be easier to measure than quality aspects. Furthermore, quality metrics
are often subjective. For instance, well-being of healthcare professionals, is linked
to the metric autonomy (freedom to make your own choices, plan your workday
etc.). This is a capacity that is difficult to quantify in a valid and reliable way.

Considering the research topics addressed in literature it was found that most ar-
ticles have the aim to optimize OR scheduling, Workflow tracking or Patient flow
by computational means, such as machine learning. Thanks to greater comput-
ing power, as well as the growing availability of large amounts of data, machine
learning holds the promise to make sense of complex modelling tasks(24). Topics
such as OR scheduling, Workflow tracking and Patient flow fit this picture. They
are suitable for computational simulations and optimizations of complex sys-
tems such as the OR that are characterised by high variability in the timing and
alignment of processes.

Categories that involve experiments with healthcare professionals (such as in-
terventions in practice) were only limitedly represented in the literature. With
Al on the rise, it seems a logical choice to use simulations to test optimizations
instead of occupying the (often overworked) healthcare professionals. However,
although simulated efficacy trials have generated many possible interventions
to improve healthcare, their impact on practice and policy is limited so far(25).
Establishing and conveying the credibility of computational modelling and sim-
ulation outcomes is a delicate task(26) and the step from simulation to imple-
mentation in practice turns out to be a difficult one.

Kessler & Glasgow point out that healthcare research must deal with “wicked”
problems that are multilevel, multiply determined, complex and interacting. Re-
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search tends to isolate, decontextualize and simplify issues in order to be able to
investigate them. Consequently, the small number of studies with representa-
tive populations, staff and settings that substantiate optimisation approaches is
in sheer contrast with the large number of papers that promote the potential of
computational methods. Overall, similar to what Fong et al. (2016) report, time-
points, cost, methodology and outcome measures were inconsistent across the
studies in this review, and it appears that multiple metrics can fit a topic. Nev-
ertheless, the topics of the articles cited in this review give insightful handles
of how to structure OR performance metrics. Increasing awareness about these
topics and metrics amongst the people who work with them is therefore of value.

Awareness should also be increased about the definitions of the concepts of OR
performance(17). It is important to realize that the term "OR performance” only
describes a snapshot in time but extents across all topics. Some studies talk
about performance, but do not always specify if there is change in this perfor-
mance. Change can only be measured over time. When doing so, clear criteria are
required to determine if the change is also an improvement. In one context some-
thing might be an improvement, in another it might worsen the situation(27). The
ideal scenario would be to optimize an OR performance topic for all the metrics
from Table 3. However, this may not always be attainable. A sensible approach
1s to apply relevant metrics both at the beginning of your project and after your

Optimisation of one metric Optimisation of multiple metrics

OR utilisation (%)
OR utilisation (%)

Well-being healthcare professionals

Time Time

Figure 4 Two elements of OR performance optimization: optimize for a (set of) metric(s)
and improve or conserve the overall balance of the metrics.



OR PERFORMANCE METRICS 41

intervention in the system, and to evaluate the impact on all four categories of OR
performance. By prioritizing and assigning weights to metrics acceptable ranges
for the optimisation outcomes could be defined. When looking at optimization
in this way, it should comprise two elements: improvement on a (set of) metric(s)
and an improvement of the total system after your intervention.

This approach is illustrated in Figure 4, where on the left the hypothetical opti-
mization of one metric is shown, and on the right the same change of the metric
1s shown, together with another metric of the system. When, for example, one
chooses to optimize OR performance by increasing the metric Number of oper-
ations per OR per month, you aim for point A in Figure 4. However, Figure 4 also
illustrates that an increase along one metric could mean a (unintended) decrease
on another. When taking other metrics into account you can see it is actually
point B you are aiming for. Therefore, measuring every metric before and after
your intervention to monitor the impact on the total system is essential for a
thorough validation of its appropriateness.

1.4.1 Modelling the metrics

Optimizing the system for a certain metric while also considering the other met-
rics should be part of the optimization strategy. Practical execution of this strat-
egy 1s a roadmap with design steps in which the metrics are incorporated. In the
following paragraphs this idea will be illustrated with Figure 5 and an example
scenario for an optimization goal.

ACT

DATA
AIM rg METHOD COLLECTION T» RESULTS?ﬁ CONCLUSIONT

IDENTIFY RELEVANT
METRICS e §

- .
% .
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i i
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SET RANGES

PLAN DO CHECK™

Figure 5 Suggestion for a research setup in which the whole system is taken into ac-
count by incorporating an analysis of the metrics. Based on the PDCA Cycle of Deming.
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Figure 5 shows an example of the main steps of a research approach (aim, meth-
od, data collection, results, conclusion) with an emphasis on the phase between
method and data collection. The approach is based on the Plan-Do-Check-Act
method of Deming(28). In a fictitious scenario the aim of the project is to improve
the well-being of healthcare professionals on the OR. This is the first step of the
model in Figure 5. In second step it is determined that the method used to achieve
the aim will be increasing the metric autonomy of the healthcare professionals.

A questionnaire amongst the staff involved shows that the healthcare profession-
als would like to have more autonomy over when they work. A more open work

schedule is therefore suggested. In the third step of the model the most important
metrics that could be affected by this change are listed by the researchers:

- Excess staffing costs (often caused by over- or under-utilization of the OR).
- OR utilization

- Quality of care and patient safety

- Autonomy

In the fourth step the selected metrics are combined in logical sets as system op-
timisation metrics with assigned weights and acceptance ranges. As an exam-
ple, we could look at optimizing OR utilization. In this case the constant consists
of the metric off time per OR per month and the utility time per OR per month (see
Equation 1).

(Eq.1)
Toff
OR
month _ _Toff _
Tutility  Tutility
OR
month

Ranges of the constant are then given scores and weights to calculate the op-
timal value (Table 5). For example, if T* were to be greater than 1, there would
be more off time per OR than utility time. That is an undesirable scenario. This
range is therefore given a score of -1 and a weight of 2. When T* is low there is
a high utility rate of the OR’s. When T* is high there is a low utility rate. A more
complete overview would be created when also plotting financial metrics and
metrics concerning the well-being of the medical staff.

After data has been collected in step 5 of the model, the results of step 6 can be
compared in step 7. One can then evaluate whether the intended innovation will
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improve the system in such a way that it is worth the investment. And if not,
consider carefully based on the metric overviews where adjustments to the in-
tervention are required.

Table 5 The constant T* describes OR utility. To create insight in what values of T* are
desirable and which are not, scores and weights are assigned to ranges of values of T*.

Score  Weight
0<T*< 2 2 Best
0.25
0.25< T* 1 1 Acceptable
<1
1<T* -1 2 Worst

1.4.2 Limitations

This study has limitations. A major focus of this paper is the importance of see-
ing the whole picture when doing research. We have given examples of possibil-
ities to bring this way of doing research into practice. However, despite the broad
view of this study, we did not cover all aspects of healthcare. We looked at just
the OR. Following our own philosophy, we want to stress that an even broader
scope is relevant for successful optimization in healthcare. There is an intricate
interplay between the different departments of a hospital. Increasing the efficien-
cy of the OR might, for example, cause trouble in the timetable of the PACU (Post
Anaesthesia Care Unit).

1.5 Concluding Remarks

In this study it was found that there are many different perspectives and ap-
proaches used to optimize OR performance. The metrics used to optimize OR per-
formance are diverse. Based on our inventory of the metrics and methods used in
literature we conclude that part of the crucial aspects of OR performance, such as
the wellbeing of healthcare professionals, are underrepresented in the research
field. The lack of studies that account for possible interactions between metrics
of quality and efficiency have limited the impact of optimisation approaches. Too
much focus on one metric potentially deteriorates other elements of the system
you try to optimize. To obtain profitable OR optimization, a systems approach



44 OR PERFORMANCE METRICS

that aligns metrics across functions and better representation of the wellbeing of
healthcare professionals are needed.

1.5.1 Future research

An informative topic to investigate further is to test the effect of awareness of
metrics when optimizing OR metrics in practice. The hypothesis here is that more
awareness of OR performance metrics and their correlations amongst research-
ers could lead to better optimizing strategies. In this context, the model in Figure
5 might also be tested. Does it increase awareness? Do researchers use different
approaches with the model than without? Does this lead to better outcomes?

Another direction is the continuous measuring of OR performance metrics to be
able to monitor unintended interactions, in ways that not put a burden on health-
care professionals (i.e., increasing administrative tasks). Furthermore, technol-
ogy can speed up and smoothen processes within the OR, but the impact on
perioperative processes might not have been considered. An interesting way to
put these thoughts to practice is investigating how the increase of technology on
the OR has influenced the work of healthcare professionals such as OR nurses
and supporting department.
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RESA

Redefining Effective Surgery Assistance: Impact of Operat-
ing Room Technology on Intra-operative Nurses’' Workload
and Job Satisfaction: an Observational Study

The integration of medical technology in the operating room has transformed
surgical workflows and team dynamics but coincides with a global nursing
shortage and high turnover, affecting care quality, nurse well-being, and hospi-
tal finances. This study investigates how technological complexity impacts the
workload and job satisfaction of intra-operative nurses during open, minimally
invasive, and robotic-assisted gynecological surgeries in a Dutch academic hos-
pital. Using a mixed-methods approach, we combined 5 interviews, 28 validated
questionnaires, automated video analysis of 35 surgeries, and hospital data from
411 cases collected in 2022 and 2023. Results show that open procedures yield
the highest job satisfaction through active involvement and manageable work-
loads; minimally invasive surgeries, though less physically demanding, lead to
reduced engagement and lower satisfaction; and robotic-assisted surgeries pose
the most challenges, marked by increased workload, decreased involvement, and
stress due to complex preparation and shifting team dynamics. While technolog-
ical advancements enhance surgical outcomes, they often overlook their effect
on intra-operative nurses. This study highlights the role of communication gaps,
equipment difficulties, and insufficient training in driving burnout and turnover,
and advocates for supportive OR environments that prioritize nurses’ well-being.
It also demonstrates the value of automated video analysis in objectively assess-
ing nursing roles, reinforcing the need to balance technological progress with
human-centered care.
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2.1 Introduction

Technology has become indispensable in the operating room (OR) (Zhang et al.,
2021). The advancement of medical technology is illustrated by the shift from
traditional surgical methods, open surgery and minimally invasive surgery, to
robotic-assisted surgery (Sheetz et al., 2020). When comparing robotic-assisted
surgery to open surgery and minimally invasive surgery, literature shows that ro-
botic-assisted surgery typically takes longer, requires larger teams, and involves
more complex equipment. Likewise, open surgery and minimally invasive sur-
gery each require distinct skills and team dynamics (Zheng et al., 2015). Conse-
quently, each type of surgery functions within a unique working environment
and demands specific skill sets (Gjeraa et al., 2016).

The surge in medical technology brings advantages: the primary goals when de-
veloping medical technology for the operating room are to enhance patient out-
comes, increase time efficiency, and improve surgeons’ well-being (Schouten et
al., 2023). However, the adoption of technology has also introduced new challeng-
es for the surgical team as it increases the complexity of procedural workflows.
Several papers address the impact of the use of technology on team composition
and communication, as well as the influence of experiences of individual oper-
ating room team members (L Cao et al., 2004; Webster & Cao, 2006). For example,
certain aspects of the altered working environment, such as longer surgery du-
rations and more intricate procedures, are associated with heightened stress and
workload for the surgical team. (Gillespie et al., 2021).

Despite significant changes in their work, there is a paucity in literature on the
effects of technology on the work of nurses (Schuessler et al., 2020). Meanwhile,
there is a growing concern that the nursing profession is facing labour shortages
due to a high turnover and inequitable workforce distribution. The causes related
to the nursing shortage are numerous and impacting patient care quality, nurses’
well-being, and hospital finances (Lee et al,, 2020). In particular, the recruitment
and retention of intra-operative nurses are challenging, due to the need to collab-
orate with various health professionals in a fast-paced, high-tech environment
with high patient turnover (Bjorn et al,, 2015). Compared to other nursing special-
ties, intra-operative nurses report less favorable working conditions, such as lim-
itations of communication in the team, feeling of isolation, blocking of vision due
to large equipment, unexpected device errors and malfunctions, fear and anxiety
due to lack of technical knowledge and burnout due to lack of trained nurses
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(Celik et al.,, 2023). Smith & Palesy (2018) introduced the concept of “technology
stress”in perioperative nursing — the idea that the influx of advanced technology,
while improving certain tasks, can also create stress as nurses strive to master
new devices and systems. They argue that in many hospitals, perioperative nurs-
es often become “super users” of new OR technologies, rapidly learning the equip-
ment and then training their colleagues. This expanded role means that nurses
not only deliver patient care but also serve as on-the-spot technical experts and
troubleshooters for complex machines. Smith & Palesy have noted an ongoing
tension between technical and caring aspects of nursing practice in the OR, as
nurses balance operating sophisticated devices with their traditional patient-fo-
cused duties.

To enhance and maintain a robust intra-operative nursing workforce, it is neces-
sary to cultivate a work environment that inspires and motivates nurses (Lam-
brou et al, 2010). A supportive and engaging atmosphere encourages job sat-
isfaction and enhances overall team performance. This not only ensures that
nurses feel valued and appreciated but also strengthens their commitment to
delivering high-quality care during surgical procedures (Gusar et al., 2020). It is
therefore important to understand the relationships between the characteristics
of their working environment, job satisfaction, and workload (Lee et al., 2020).
Most perioperative nursing research, however, does not differientiate between
levels of technological complexity in operating room environments (Kelvered
et al, 2012; Sgrensen et al,, 2014). Literature highlights the need for comparative
studies between high-tech and low-tech operating rooms to, for example, better
understand how nurses allocate attention between patients and technology (Bull
& FitzGerald, 2006; Goras et al., 2019).

In this study, we investigate the impact of medical technology on the work-
load and job satisfaction of intra-operative nurses by comparing these factors
across open surgery, minimally invasive surgery, and robotic-assisted surgery.
The study design follows a mixed-methods approach, combining a qualitative
analysis of interviews with a focused quantitative analysis using questionnaires,
video recordings, and hospital data (Figure 2). By conducting interviews and ad-
ministering validated questionnaires we obtain insight in how nurses perceive
and experience the working conditions in surgical environments with different
technological complexity. We hypothesize that nurses prioritize the physical and
emotional aspects of patient care above a focus on handling medical technolo-
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gy and that such interactions positively influence their job satisfaction. Next to
this qualitative research approach, we explore the potential of automated video
analysis to quantify the role and tasks of intra-operative nurses across the afore
mentioned types of surgery. Automated video analysis offers key advantages
over traditional methods like direct observation or self-reports. It reduces recall
and observer bias, minimizes disruption in the operating room, and provides ob-
jective, consistent, and detailed data. This allows for more accurate comparisons
across surgery types and enables retrospective analysis to validate findings from
other sources (Gabriel et al., 2024).

2.2 Method

At the Leiden University Centre (LUMC) in the Netherlands, we collected three
types of data within the gynaecology department in 2022 and 2023: interviews
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Figure 1 Analysis of three levels of surgical technology within the gynecology department at
LUMC, based on three data sources: interviews and questionnaires with nurses experienced in all
three technology levels, video recordings, and hospital data from 2023.
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and questionnaires with intra-operative nurses, video recordings of gynecolo-
gy surgeries, and hospital datasets of gynecology surgeries. The surgeries were
categorized into three levels of technology: open surgery as the lowest level, min-
imally invasive surgery as the second level, robotic-assisted surgery as the high-
est level. Figure 1 gives an overview of the collected data used for the analysis of
the three technology levels.

In the study, five surgical approaches used in gynecology were incorporated: (1)
open surgery, (2) vaginal surgery, (3) hysteroscopic surgery, (4) laparoscopic sur-
gery, and (5) robotic-assisted surgery. These approaches were distributed across
the three technology levels as follows:

+  Techlevel I Open surgery- Open surgical procedures.
Tech level 2: Minimally invasive surgery - Includes vaginal surgery,
hysteroscopic surgery, and laparoscopic surgery.
+  Tech level 3 Robotic-assisted surgery - Procedures performed with

robotic assistance.

2.2.1 Study design

The study design follows a mixed-methods approach, integrating qualitative in-
terviews with a focused quantitative analysis based on questionnaires, video re-
cordings, and hospital data (Figure 2). The questionnaire consisted of two parts:
the first part was analyzed qualitatively to identify factors influencing workload
and job satisfaction, while the second part—based on the SURG-TLX—was ana-

Interviews Qualitative analysis

How does medical
technology impact the

workload and job
satisfaction of intra- Video recordings Quantitative analysis

Questionnaires

operative nurses?

Hospital data

Figure 2 Flowchart with study design
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lyzed quantitatively to compare perceived workload and satisfaction across dif-
ferent surgery types and phases.

2.2.2 Interviews and questionnaires

We conducted interviews and questionnaires based on the validated survey
structure of SURG-TLX (Wilson et al,, 2011) for each type of surgery (open surgery;,
minimally invasive surgery and robotic-assisted surgery), to identify factors that
influence workload and job satisfaction. Participants included intra-operative
nurses with experience in all three types of surgery. Five nurses participated in
semi-structured interviews, while 28 completed a paper-based questionnaire. Of
these, 19 nurses fully completed the SURG-TLX section. Participation was volun-
tary. For the questionnaire, one of the researchers was present in the operating
room cafeteria, and nurses filled in the form when they had time. The question-
naire was filled out anonymously.

First, intra-operative nurses completed the questionnaire individually. To gain a
better impression of overall practices, they were asked to reflect on their general
experiences with the three types of surgery, rather than on a specific procedure
they had recently assisted in. This approach also encouraged a broader range
of responses and helped increase the response rate. In the first section of the
questionnaire, we gathered general information about the participants, such as
their age, years of experience, and specialty. An open-ended question asked par-
ticipants to identify at least three factors that contribute to their job satisfaction
and three factors that influence their perceived workload. In the second section,
participants were required to complete a SURG-TLX based survey, developed for
this study:.

The original SURG-TLX evaluates six aspects on a scale of 20: mental demands,
physical demands, temporal demands, task complexity, situational stress and
distractions. To capture both workload and job satisfaction, we added a seventh
aspect, job satisfaction, to the SURG-TLX. This is, to our knowledge, the first time
that job satisfaction has been integrated into the SURG-TLX framework. As such,
this represents an initial construct and an exploratory application of the tool. The
job satisfaction aspect was measured using the same 20-point scale to assess
how nurses perceive their satisfaction during surgeries, enabling us to explore
the potential relationship between workload and job satisfaction in the operating
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room. Given the novelty of this addition, the outcomes related to job satisfaction
should be interpreted as indicative rather than definitive—providing direction for
future research rather than serving as hard statistical conclusions.

To facilitate comparisons among open surgery, minimally invasive surgery, and
robotic-assisted surgery for each aspect, we added a separate scale for each sur-
gery type (see Supplementary Figure 1 in Appendix 2.1). All aspects are scored
this way for three clinical phases (corresponding with the registered timestaps of
the hospital) of the surgery: (Phase 1) patient entry to first incision; (Phase 2) first
incision to closing; (Phase 3) closing to patient exit.

In individual semi-structured interviews with five intra-operative nurses, we
delved deeper into the questionnaire questions to gain a richer understanding of
their perspectives. Interviews were conducted following email invitations, with
participants selected based on recommendations from the staff team leader. Par-
ticipants were asked to explain the context behind the factors they considered
important for their job satisfaction and workload. The interview responses were
transcribed using WisperAI (v20231117) (WisperAl Inc., 2023). To analyze the data,
we used inductive categorization, a method where patterns and themes emerge
directly from the data without relying on pre-existing frameworks. This approach
allowed us to group the factors identified by participants into overarching themes
that reflect their insights into workload and job satisfaction.

2.2.3 Video analysis

To quantify the factors identified in the interviews and questionnaires, we ana-
lyzed video recordings of surgeries. Over the course of a year, gynecological sur-
geries were filmed in two ORs using multiple cameras mounted on the ceiling.
The videos were collected on computers running Noldus Observer XT software
(Noldus Information Technology, 2023). The research setup consisted of the op-
erating room with two Axis wide-view cameras mounted on the ceiling. These
cameras were connected via ceiling-mounted cables to the recording computer
in an adjacent room. The second operating room had four cameras installed in
a similar manner, connected to a second recording computer. Before the filming
process began, the study setup was ethically approved by the scientific review
committee of the LUMC.
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Procedures were filmed only if all members of the surgical team consented to
participate and if the patient had signed a consent form at least 24 hours in ad-
vance. To ensure privacy, the faces of the staff and the entire body of the patient
were blurred. The videos were stored and analyzed in the LUMC hospital, accord-
ing to the data compliance plan in Appendix 2.2. Surgeries that deviated from
the planned procedure, such as those impacted by complications, were excluded
from the study:.

Manual annotations

To estimate the frequency of critical factors influencing work satisfaction and
workload, we selected the same camera viewpoint for all videos and manually
annotated the actions of nurses, the overall operating room team, and the room
conditions using Noldus software. The annotation scheme used is detailed in
Supplementary Table 1, Appendix 2.3. The annotations in Noldus were exported
to Microsoft Excel (Microsoft Corporation, 2023) for quantitative data analysis.

Automated pose tracking

We used automated human-pose detection to extract movements and locations
of the staff during surgery. Detection of staff in the videos was accomplished
with AlphaPose (Fang et al,, 2023), which is an open-source framework for hu-
man pose estimation that uses deep learning models. It estimates human poses
by identifying the positions of joints such as shoulders, elbows, and knees in im-
ages or videos. Specifically, AlphaPose was used to detect staff poses in individ-
ual video frames. A version of BYTE (Butler et al,, 2025), adapted to leverage pose
data, was employed to track individual staff members between video frames. To
quantify the time staff spends actively at the operating table, we monitored the
presence of three specific pose subsets in designated annotated areas, as shown
in Figure 3. This metric was chosen because we hypothesized that the time spent
actively at the operating table could serve as an indicator of the nurse'’s active in-
volvement during surgery. To identify this involvement, we required both wrists
to be near the patient, both shoulders to be positioned above the wrists, and the
head (defined as a subset of ears, eyes, and nose) to be in a third area above the
shoulders. These latter two pose subsets were included to mitigate the impact of
camera perspective, ensuring that a wrist from someone not actively working at
the operating table would not be misclassified as involvement.



RESA 61

In addition to positional constraints, movement thresholds were implemented to
prevent false positives from staff merely passing by the operating table without
interacting with it. Movement speed was measured in pixels by analyzing the
positions of key points in the poses across consecutive frames. If the movement
of the shoulders and head exceeded a threshold of 17.5 pixels over 5 frames, the
individual was classified as not being active at the operating table. Wrist motion
was not taken in account, as the wrists are expected to move during activity.
Also, leg motion was not computed as it is difficult to detect them accurately in
this setting due to the wearing of surgical aprons and camera angles. Data anal-
ysis was performed using R (R Core Team, 2023).

2.2.4 Hospital data

To provide an objective context for the interview and questionnaire findings, we
analyzed hospital data from 686 gynecology procedures conducted between Jan-
uary 2, 2023, and December 29, 2023. The dataset included details such as staff
composition, procedure indications, patient ASA scores, emergency classifica-
tions, and the planned duration of each procedure phase, as recorded in the hos-

Figure 3 Frame of one of the recorded videos in which the poses of the staff (1-7) and
the operation table area have been annotated. If the hands of a staff member are in the
blue-line marked area, the shoulders in the pink area and the head in the orange area, it
was counted as “active at the operation table”.
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pital information system HIX 6.3 (Chipsoft, 2023). This analysis aimed to quantify
how often the factors mentioned by nurses in the interviews and questionnaires
occurred.

2.2.5 Handling of missing data

Missing values were handled as follows: for the SURG-TLX questionnaire, only
fully completed responses were included in the quantitative analysis (n = 19).
Partially completed questionnaires were excluded from the analysis of that spe-
cific section but included in the qualitative analysis of the open-ended questions,
where applicable. No imputation techniques were used. For the hospital data and
video recordings, only complete cases with full information were included in the
corresponding analyses.

2.2.6 Ethics

Approval for this research was obtained from the Human Research Ethics Com-
mittee (HREC) on March 25, 2024, under application number 3822.

2.2.7 Statistical analysis

For the SURG-TLX outcomes, a non-parametric Friedman test was performed on
the data to assess whether there were statistically significant differences in the
importance of the SURGTLX domains. If the Friedman test indicated a statistical-
ly significant difference (p < 0.05), post-hoc analysis using the Nemenyi test was
conducted to identify which specific domains differed from each other. Effect
sizes were reported using partial eta squared (1?) to indicate the strength of asso-
ciations. Statistical analyses were conducted using IBM SPSS Statistics (Version
29.0.0.0 (241)) (IBM SPSS Statistics, 2023) to determine the statistical significance
of the findings.

2.3 Results

This section begins with the presentation of the interview and questionnaire re-
sults, followed by the findings from the automated pose detection analysis of the
video data. Finally, the results of the hospital data analysis are presented.
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2.3.1 Interviews and questionnaire results

We conducted five semi-structured interviews and administered 28 question-
naires. The demographic characteristics of the participants are shown in Table
1. The SURG-TLX results showed significant differences in mental demand, tem-
poral demand, distractions, and job satisfaction across procedure types (Figure
4a). Robotic-assisted surgery was associated with higher perceived mental and
temporal demand compared to minimally invasive and open procedures, while
open surgery was linked to the highest job satisfaction. Full descriptive statistics
and effect sizes are provided in Table 2.

In terms of overall workload, mean SURG-TLX scores for the six original domains
were 32.60 for open surgery, 30.32 for minimally invasive surgery, and 40.82 for
robotic-assisted surgery. While the literature indicates that scores exceeding 50
are potentially detrimental to individuals, it is notable that scores for all proce-
dure types in this study remained below this threshold. Nevertheless, robotic-as-
sisted surgery exhibited consistently higher scores relative to both open surgery
and minimally invasive surgery, indicating a greater perceived workload for ro-
botic-assisted procedures.

Regarding the differences between scores for the 3 different phases of the sur-
gery, a significant difference was observed in the mental demand domain, with
phase 1 (patient entry to first incision) scoring higher than phase 2 (First inci-
sion to closing) (p=0.033), indicating that nurses found phase 2 more mentally
demanding than phase 1 (see Figure 4b). Descriptive statistics and effect size are
provided in Table 3.

Table 1 Demographic characteristics of the participants.

Characteristic Mean SD Min Max
Number of women 26 (93%) - - -
Age (years) 36.4 52 25 50
Total work experience (years) 14.18 9.92 1 40
Experience with robotic surgery (years) 419 2.76 0 10

Working hours per week 30.71 4.30 24 36
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Table 2 Descriptive statistics and effect sizes for SURG-TLX domains with significant
differences by procedure type (open surgery 0S, minimally invasive surgery MIS and
robotic-assisted surgery RAS).

Domain Procedure Mean (SD)  Significat differenc- Effect size (partial n?)
type es
Mental de-  OS 18.95(10.96) RAS > MIS(p =0.023) ~0.06 (small-moder-
mand ate)
MIS 16.00 (10.42)
RAS 22.58 (11.41)
Temporal 0S 20.26 (11.39) RAS>0S,MIS (p < ~0.09 (moderate)
demand 0.001)
MIS 19.68 (10.27)
RAS 25.37 (12.43)
Distractions 0OS 16.16 (10.87) RAS>0S(p=0.030) ~0.07 (moderate)
MIS 16.84 (10.23)
RAS 23.05 (14.40)
Job satisfac- 0OS 46.47 (853) 0OS>MIS (p =0.023), ~0.12 (moderate—large)
tion 0S >RAS (p =0.001)
MIS 3453 (13.83)
RAS 31.95 (14.27)
Working 30.71 4.30 24 36
hours per
week

LEFT: Figure 4 a) Boxplot illustrating the SURG-TLX scores for each surgical procedure type: open
surgery (0S), minimally invasive surgery (MIS), and robot assisited surgery (RAS). The scores are
derived by summing the scores for each procedure type across all surgical phases (Phase 1, Phase
2, Phase 3). This figure emphasizes the variations in perceived workload and job satisfaction
across the three procedure types, with * indicating statistically significant differences. b) Boxplot
illustrating the SURG-TLX scores for each surgical phase (Phase 1, Phase 2, and Phase 3). The
scores represent the sum of individual scores across all procedure types.
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Table 3 SURG-TLX Mental Demand Scores per Surgical Phase (summed across surgery
types).

Surgical phase Mean (SD)  Significat differenc- Effect size (partial
es n’)

Phase 1 (Entry to Incision) 16.42 (10.53) Phase 1>Phase2(p  ~0.07 (moderate)
= 0.033)

Phase 2 (Incision to Clo- 22.68 (10.86)

sure)

Phase 3 (Closure to Patient  18.42 (12.16)

Exit)

2.3.2 Factors influencing workload and job satisfaction

Using inductive categorization, the factors identified by the 28 participants in
question 10 and 11 of the questionnaire were grouped into seven main catego-
ries affecting workload and job satisfaction. The development of these categories,
as well as the interpretation of their content, was guided by insights from the
interview data to ensure alignment with the lived experiences and language of
intra-operative nurses. These categories and their corresponding subcategories
are detailed in this section and illustrated with quotes from the interviews. Sup-
plementary Figure 2, Appendix 2.4, illustrates the frequency with which nurses
mentioned the factors.

1. Team Dynamics

The dynamics within the surgical team play a central role in shaping both work-
load and job satisfaction. Nurses consistently emphasized that the skill level and
demeanor of their colleagues influenced their experience. Skilled and pleasant
colleagues could ease workload and contribute positively to the work atmo-
sphere, while less experienced or incompatible team members often increased
stress and complexity.

A recurring theme was the influence of the surgeon’s personality on the overall
team atmosphere. Surgeons who communicated well and maintained a support-
ive tone helped foster a positive working environment, especially in high-pres-
sure settings. Teamwork emerged as a critical factor: when collaboration was
smooth and roles were clearly coordinated, nurses experienced lower workload
and greater job satisfaction.
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One nurse noted, “It makes a big difference if, at the end of the day, everyone is thanked
for their hard work as a team.”

2. Procedural Characteristics

The type of surgical procedure itself also shaped nurses’ experiences. Partici-
pants expressed a preference for open abdominal surgeries over miminally inva-
sive or robotic-assisted procedures. Open surgeries were often described as more
engaging and dynamic, offering greater opportunities for nurses to think along
and remain active throughout the procedure. As one nurse put it, “Open abdominal
surgeries are much more enjoyable than robot and laparoscopic surgeries. They are more
challenging for us because you can think along, stay busy, and keep moving.

Robotic-assisted procedures, in contrast, were sometimes perceived as monot-
onous or passive, particularly when the nurse’s tasks were limited. Long proce-
dures with little direct involvement could increase perceived workload despite
fewer physical demands. Visibility and engagement were particularly low during
certain robotic phases, leading to reduced job satisfaction. The smoothness of a
procedure—how well it flowed without interruptions or confusion—was also key.
Chaotic or poorly managed procedures increased mental demands and stress. Fi-
nally, variety played a dual role: while variation in tasks and cases could increase
satisfaction, rotating across different specialties or shifting between robotic and
minimally invasive surgeries in a single day often elevated workload due to the
preparation and cognitive switching required. One nurse noted, “If we have to
switch between different types of surgeries like laparoscopic, robotic-assisted surgery, and
then laparoscopic again, it becomes very inconvenient. Each change requires extra prepa-
ration, elevating workload.”

3. Preparation and Equipment

Preparation was a consistent determinant of both workload and satisfaction.
Nurses highlighted that when setups were incomplete or plans unclear, they had
to compensate under pressure, increasing their workload and reducing satisfac-
tion. Robotic-assisted surgeries, in particular, required more extensive prepara-
tion.

One nurse explained, “The preparation for robotic-assisted surgery procedures is more
than for an open or laparoscopic procedure.”
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Technology-related challenges—especially with robotic systems—further added
to workload. Equipment malfunctions or delays in system readiness were fre-
quent stressors and led to feelings of frustration and inefficiency. These issues
contributed to lower satisfaction and, in some cases, made nurses feel discon-
nected from the surgical process.

4. Working Environment

Physical elements of the OR environment, such as lighting, sound, and space, also
impacted nurse experiences. Dim lighting, often used in minimally invasive and
robotic surgeries, was noted to increase strain and reduce comfort. While back-
ground music could create a relaxed atmosphere, excessive or disruptive noise
elevated stress levels. Crowding in the operating room—whether from additional
personnel, observers, or equipment—was another challenge. This was especially
prevalent in robotic-assisted surgeries, where large consoles and robot arms took
up significant space, reducing nurses’ freedom to move and increasing physical
and mental workload.

5. Organizational Factors

Beyond the immediate OR setting, broader organizational factors also influenced
nurses’ workload and job satisfaction. Poor OR scheduling, including back-to-
back complex procedures or inadequate breaks, led to fatigue and reduced mo-
rale. High work pressure, often stemming from staff shortages or urgent cases,
compounded these issues. Some participants also cited salary disparities as a
demotivating factor, with several colleagues leaving for better-paying agency
jobs. The ability to take breaks during procedures—particularly during long ro-
botic cases—was another point of concern. Nurses reported that being unable to
step out of the OR, even briefly, negatively impacted both workload and job satis-
faction.

6. Appreciation and Recognition

Feelings of appreciation played a major role in shaping job satisfaction. Nurses
described how simple gestures of recognition could have a significant impact
on their morale. As one participant explained, ‘A simple ‘Hey guys, we worked really
hard together today, thank you so much’ can have a large impact.” Conversely, a lack
of appreciation—especially when coupled with dismissive comments from sur-
geons—could deeply affect motivation and self-worth.
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One nurse recalled, “A specialist once commented on my work: ‘Even a monkey could

7

learn to do that.

Nurses also reported higher satisfaction when they were actively involved and
their contributions were valued. This sense of personal satisfaction was espe-
cially present during open surgeries, where their engagement in the procedure
was often more hands-on and continuous.

7. Physical Demand

Finally, physical strain played a role in how nurses experienced different sur-
geries. Open procedures typically involved prolonged standing, which could be
tiring. However, many participants reported that the engaging nature of these
procedures made the physical demands more manageable.

As one nurse noted, “Open surgery generally means standing longer, but you hardly
notice it because the work is so engaging.”

In contrast, robotic-assisted surgeries often involved sitting for long periods,
which some nurses found physically easier but mentally more draining. Heavy
lifting of robotic equipment or positioning the robotic arms also added to the
physical workload, particularly during setup and takedown phases. By identify-
ing these themes and their associated factors, we gain insight into what impacts
the workload and job satisfaction of operating room nurses. To understand how
frequently these factors occur—and thereby assess the urgency of the challenges
they represent—we analyzed hospital data and video recordings.
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2.3.3 Video analysis

The results of the video analysis encompassed a total of 4 open surgeries with a
cumulative duration of 16 hours and 32 minutes, 24 minimally invasive surgery
totaling 53 hours and 37 minutes, and 6 robotic-assisted surgery with a total du-
ration of 17 hours and 30 minutes. One procedure was excluded due to complica-
tions.

Manual annotations

Figure 5 shows the percentage of nurses’ activity time during each surgery phase,
expressed relative to the average total duration of the phase (with the induction
of anesthesia and surgical preparations combined into phase 1 of the SURG-TLX,
phase 2 corresponding with the cutting phase and phase 3 corresponding with
the emergence from anesthesia) and the SURG TLX scores for job satisfaction.

Percentage active time nurses and SURG-TLX job satisfaction score
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Figure 5 Percentage of nurses’ activity time during each surgery phase, expressed relative to the
average total duration of the phase and corresponding SURG TLX job satisfaction scores. Since the
percentage reflects the combined activity of all active nurses, values may exceed 100%. Phase 1
includes the induction of anesthesia and surgical preparations, Phase 2 corresponds to the cutting
phase, and Phase 3 corresponds to the emergence from anesthesia. The left axis represents time in
seconds, while the right axis represents the SURG TLX job satisfaction score scale.
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For open surgery and robotic-assisted surgery, the highest measured activity lev-
els align with higher job satisfaction scores in the SURG-TLX. Similarly, minimal-
ly invasive surgery follows this pattern in phases 1 and 2. However, in phase 3,
minimally invasive surgery shows higher job satisfaction despite lower activity
levels compared to phase 1, indicating a deviation from the observed relationship
in other phases.

Results automated pose tracking

Supplementary Figure 3, Appendix 2.5, presents the percentage of measured
movement for each procedure type. This percentage represents the proportion
of movement relative to the total duration of the procedure. To enable compar-
ison between procedures of varying lengths, we calculated these percentages.
Additionally, to illustrate the variation in the lengths of the 34 procedures, the
x-axis of the figure displays the surgery duration. Overall, the values for all proce-
dure types remain low, with movement rarely exceeding 10%, indicating minimal
movement during procedures. A distinct difference emerges between robotic-as-
sisted surgery and the other two procedure types, with robotic-assisted surgery
showing lower movement percentages. In contrast, minimally invasive surgery
displays more variability in movement patterns among these procedures. Still, it
1s important to note that minimally invasive surgery also includes considerably
more data points than robotic-assisted surgery and open surgery. Also, open sur-
gery had one notably longer surgery compared to the other procedures, which
may have influenced the data.

Figure 6a presents the average movement percentage calculated for each surgery
phase. The surgery phases were extracted through manual annotation. Overall,
movement percentages are higher during the second phase compared to other
phases. Figure 6b displays the average interaction percentages in the surgery ta-
ble area per surgical phase for each surgery type, where interaction refers to the
number of people actively engaged around the surgical table area. In robotic-as-
sisted surgery, interaction decreases during the surgery phase and remains low-
er across all phases compared to minimally invasive surgery and open surgery.
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2.3.4 Hospital Data

Supplementary Table 2, Appendix 2.6, presents a summary of metrics related to
the gynecological procedures performed in 2023. The data includes total proce-
dure duration, deviations from planned durations, ASA scores of patients, and the
time spent in the dark—defined as the periods during which the dim lights are
turned on, primarily occurring during the cutting phase (phase 2) of the surgery.

Minimally invasive surgery procedures had the shortest operating times, while
robotic-assisted surgery and open procedures had similar durations. During
Phase 2 of the procedure (from first incision to closing), which involves dim light-
Ing, robotic-assisted surgery required more time compared to minimally invasive
surgery, a factor nurses indicated negatively affects job satisfaction, linking to
questionnaire outcomes.

Open procedures often finished ahead of schedule, minimally invasive proce-
dures stayed closer to planned durations, and robotic-assisted procedures tend-
ed to run longer, with the cumulative effect of small delays becoming signifi-
cant over multiple surgeries. Patients undergoing open procedures generally had
higher ASA scores, indicating greater preoperative risk, while robotic-assisted
procedures were performed on healthier patients, with minimally invasive sur-
gery falling in between. Additionally, open and robotic-assisted procedures typi-
cally required more personnel in the operating room compared to minimally in-
vaslive surgery.

2.4 Discussion

This research employed a multi-method approach—questionnaires, interviews,
hospital data and video recording analysis—to evaluate the relation between op-
erating room technology use and intra-operative nurses’ workload and job satis-
faction in the Netherlands. Our study identified several key influencing factors
among which are team dynamics, procedural characteristics, preparation and

LEFT: Figure 6 Average Measured Movement and interaction per Surgery Phase by Procedure
Type. a) Illustrating the percentage of average duration attributed to measured movement during
open surgery (0S), minimally invasive surgery (MIS) and robotic-assisted surgery (RAS) across
different surgical phases. b) Illustrating the percentage of average duration attributed to mea-
sured interaction in OS, MIS and RAS across different surgical phases.
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equipment, work environment, organizational support, appreciation, and physi-
cal demands.

In this study, we extended the original SURG-TLX by adding a seventh aspect: job
satisfaction. To our knowledge, this is the first time job satisfaction has been inte-
grated into the SURG-TLX framework, marking an exploratory adaptation of the
tool. By measuring job satisfaction on the same 20-point scale, we aimed to gain
insights into how nurses experience satisfaction during different types of sur-
geries and how this relates to workload. As this is a first construct, the findings
related to job satisfaction should be considered exploratory. They offer a valuable
starting point for further investigation but should not be interpreted as conclu-
sive statistical outcomes.

2.4.1 Open surgeries

Intra-operative nurses consistently rated open procedures as the most satisfy-
ing, correlating with higher job satisfaction scores on the SURG-TLX. Despite
their longer duration, nurses reported staying actively engaged, contributing to
a manageable workload. One nurse explained that the continuous involvement
in open surgeries enhances satisfaction. At LUMC, open procedures, often in-
volving higher-risk (ASA score) and emergency patients, were preferred for their
challenges and hands-on engagement. Additionally, open surgeries typically
end sooner than planned, reducing overruns and associated stress. The simpler
equipment and well-lit environment in open surgeries further ease workload and
stress (Sonoda et al.,, 2018). Video data supports these findings, showing higher
Interaction with Operating Table scores, suggesting greater team engagement.

2.4.2 Minimally invasive surgeries
Minimally invasive procedures generally involve a lower workload than robot-
ic-assisted procedures but also yield lower job satisfaction than open surgeries.
The reduced workload is likely due to the higher frequency of minimally invasive
surgery cases, allowing nurses to gain familiarity and efficiency. Shorter proce-
dure times and fewer people in the operating room contribute to a more favorable
working environment. Video data also shows higher Movement and Interaction
with Operating Table scores than robotic-assisted surgery, suggesting more ac-
tive involvement by team members. However, job satisfaction scores for mini-
mally invasive surgery remain lower than for open procedures. This may be due
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to the typically lower ASA and emergency scores, which suggest less complex
cases, reducing engagement opportunities. Nurses reported feeling less involved
due to limited visibility of the surgical site and noted that dim lighting, while less
frequent than in robotic-assisted surgery, still impacted satisfaction.

2.4.3 Robotic-Assisted surgeries

Robot-Assisted procedures place a higher workload on intra-operative nurses
than open and minimally invasive surgery and are associated with lower job
satisfaction compared to open surgeries. The preparation phase of robotic-as-
sisted procedures is particularly demanding, in contrast with the other proce-
dures. Interviews revealed that nurses face significant stress preparing complex
instruments and managing unexpected issues, aligning with previous findings
(Sonoda et al, 2018). In the interviews, nurses report a lack of sufficient techni-
cal knowledge for troubleshooting, which increases their workload. Additionally,
the lower frequency of robotic-assisted surgery cases means nurses have less
hands-on experience, compounding stress and workload.

SURG-TLX assessments show robotic-assisted procedures impose greater tem-
poral demands than other surgeries, with actual durations often exceeding es-
timates. This discrepancy adds to nurse workload. The robotic-assisted surgery
work environment, characterized by dim lighting, elevated noise from extra
equipment, and a crowded OR, contributes to increased distraction scores and
lower satisfaction. More personnel are typically present, increasing noise and
reducing space, while robotic-assisted procedures attract additional observers,
further contributing to distractions.

Lower job satisfaction in robotic-assisted surgery cases may be partly due to re-
duced engagement; nurses report limited visibility of the surgical site and fewer
tasks, especially in phase 2 (first incision to closing). This diminished involve-
ment can lead to under-arousal, impacting both performance and satisfaction.
Additionally, robotic-assisted surgery patients typically have lower ASA scores,
presenting less complexity and fewer challenges, which may also lower engage-
ment and satisfaction. Video data supports these insights, showing that robot-
ic-assisted procedures have lower Movement and Interaction with Operating Ta-
ble scores compared to open surgeries and minimally invasive surgery, reflecting
reduced activity and involvement. However, during the cutting phase, video
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analysis shows slightly higher activity levels in robotic-assisted surgery than
in open surgery and minimally invasive surgery. This contrasts with findings
suggesting fewer tasks for nurses during the cutting phase in robotic-assisted
surgery. While robotic-assisted procedures generally have longer durations than
minimally invasive surgery, potentially leading to longer periods of inactivity for
nurses, the average durations of open surgery are comparable to those of robot-
ic-assisted surgery:.

The nurses’ reports of fewer tasks during robotic-assisted surgery may instead
reflect the nature of these tasks, as they also described them as less engaging. It
1s important to note the limited number of recorded videos in this study. Larger
datasets are necessary to obtain more reliable and generalizable results.

2.4.4 Reccomendations

Our findings point to several strategies to improve working conditions for in-
tra-operative nurses. From a management perspective, scheduling should aim
to reduce frequent transitions between surgical setups while still offering variety
in tasks. Grouping similar procedures and allowing sufficient time between cas-
es may help lower setup-related workload and increase engagement. From an
engineering perspective, the physical presence of robotic systems often disrupts
nurses’ workflows. Future designs should prioritize compact solutions, such as
ceiling-mounted systems, to reduce floor clutter. Additionally, systems that func-
tion under normal lighting conditions could improve visibility and comfort for
the surgical team. Finally, reduced nurse engagement during robotic-assisted
procedures remains a concern. Ensuring nurses have a clear, active role in these
workflows—through design or team protocols—will be key to maintaining job
satisfaction.

2.4.5 Limitations

This study was conducted at LUMC, a university hospital with medical trainees
who may take on tasks usually performed by intra-operative nurses, potential-
ly biasing results. The study does not differentiate between scrub and circulat-
ing nurses, who share roles at LUMC, though research suggests these roles may
perceive teamwork differently (Sonoda et al,, 2018). Circulating nurses, who bear
more physical demands (e.g,, fetching equipment), reported higher frustration
levels.
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Focused on gynecological procedures, the study did not distinguish workload
variations across specializations, though atmosphere and demands vary (Catch-
pole et al,, 2016). In LUMC's gynecology department, nurses are not expected to
change robotic arms, unlike in urology, potentially reducing involvement during
robotic-assisted procedures. Analysis of specialization differences was limited
by nurses frequently working across departments and selecting multiple spe-
cializations in questionnaires. Physiological workload measures (e.g., EMG, EEG)
weren't included, so findings rely on subjective assessments and video analysis,
which may limit workload evaluation comprehensiveness. Workload and job sat-
isfaction are subjective, varying by factors such as age and hierarchy tolerance.
A small sample size limits statistical reliability, as illustrated by variability in
workload perceptions across domains. Five interviews were conducted, reduc-
ing generalizability and limiting the interpretive scope. With no statistically sig-
nificant domain differences, SURG-TLX results were left unweighted, potentially
limiting sensitivity (Olthof et al,, 2018). Another potential limitation of this study
is the modification of the SURG-TLX questionnaire by adding an additional do-
main: job satisfaction. While this adjustment was made to capture an important
aspect of the participants’ experiences that is not addressed in the original tool,
it deviates from the validated structure of the SURG-TLX. This could potentially
impact the comparability of our findings with previous studies using the unmod-
ified version. Future research should consider validating the modified tool or em-
ploying complementary methods to assess job satisfaction independently:.

Procedure classification was manual, with challenges from varying data formats
and ambiguous cases (e.g., ‘research under anesthesia”). Vaginal procedures (e.qg.,
hysteroscopies) were grouped with laparoscopies, though further separation may
be warranted. Inconsistent data across procedures may also introduce bias, espe-
cially in emergency classifications and personnel records.

Additional observers during robotic-assisted procedures reportedly increased
workload perception due to added vigilance needs. Observer data was absent,
preventing analysis of how their presence impacts workload. Patient factors be-
yond ASA and emergency classifications, such as BMI, were unavailable, though
they may influence workload; one nurse noted that robotic arms struggle with
obese patients. Dim lighting in phase 2 (first incision to closing) of robotic-assist-
ed surgery and minimally invasive surgery potentially confounded responses, as
nurses noted increased workload in low-light settings.
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We explored the potential of automated video analysis to extract objective mea-
surements of nurse activities. Positively, these measurements aligned closely
with manual annotations, demonstrating the promise of this approach for reli-
ably tracking nurse activities. However, the algorithm metrics primarily captured
lower body movements, missing finer actions such as handovers, which are cru-
cial for understanding workload and skill demands (Quinn et al., 2023).

Additionally, the video analysis algorithm encountered challenges, including ob-
structions, dim lighting, and an inability to differentiate procedural phases, which
limited its capacity to provide detailed insights into specific workload demands.
The limited variety of recorded procedures (4 open, 6 robotic-assisted surgery, 25
minimally invasive surgery) further introduced potential biases, requiring cau-
tious interpretation of the results. These findings highlight the need for further
refinement of the algorithm to capture a broader range of activities and address
contextual challenges.

2.4.6 Future research

This study highlights how surgical modality influences intra-operative nurses’
workload and job satisfaction, but further research is needed to unpack the un-
derlying factors contributing to these differences. Future studies should investi-
gate how elements such as procedural complexity, perceived stress, and quality
of treatment influence workload and satisfaction across different types of sur-
gery. In particular, real-time measures of stress (e.g., physiological indicators or
observational stress markers) could provide deeper insight into how nurses ex-
perience various surgical environments.

Moreover, while this study emphasizes the importance of creating supportive op-
erating room environments, future research should explore concrete strategies to
achieve this. This includes evaluating the effectiveness of targeted interventions
such as team-based communication training, stress management workshops,
and role-specific technical training programs tailored to different surgical tech-
nologies. Additionally, ergonomic improvements—such as adaptable OR layouts,
more intuitive equipment interfaces, or support tools to reduce physical strain—
should be systematically tested for their impact on both nurse well-being and
workflow efficiency.
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Investigating the interplay between organizational practices, technology use,
and human factors will be essential to developing sustainable improvements
In surgical care. Longitudinal studies or intervention-based research could help
determine how such changes influence nurse retention, performance, and ulti-
mately, patient safety.

2.5 Conclusions

This study used a multi-method approach to assess the workload and job satis-
faction of intra-operative nurses at LUMC. Key factors influencing workload and
job satisfaction included team dynamics, procedural characteristics, preparation
and equipment, working environment, organizational factors, recognition and
appreciation, and physical demands.

Generally, nurses found their workload acceptable and were satisfied with their
jobs. Open procedures led to the highest job satisfaction due to continuous en-
gagement and a manageable workload. Conversely, minimally invasive proce-
dures, while less demanding, resulted in lower job satisfaction due to reduced
involvement, simpler cases, higher frequency, and shorter durations. Robotic-as-
sisted procedures were associated with increased workload and decreased job
satisfaction, mainly due to preparation requirements, technological challenges,
diminished involvement, and a less pleasant work environment (Figure 7).

These findings suggest that job satisfaction among intra-operative nurses is not
solely determined by workload intensity but also by the level of engagement and
perceived contribution to patient care. Minimally invasive and robotic-assisted
procedures, despite their technological advancements, may unintentionally re-
duce nurses’ sense of professional fulfillment. This underscores the importance
of optimizing workflow and team dynamics in these procedures to enhance job
satisfaction and maintain high-quality patient care.
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Operating Room Planning and Utilization Strategies of
University Medical Centers: an Observational Study

Hospitals are under increasing pressure due to workforce shortages and rising
patient demand, making efficient OR planning crucial. While research often fo-
cuses on short-term decisions, long-term planning and resource management
receive less attention. Challenges such as late blueprint issuance, staff availabil-
ity, and lack of transparency hinder effective scheduling. This study examines
bottlenecks and opportunities for improvement in OR planning, based on struc-
tured interviews with 54 stakeholders from all eight academic hospitals in the
Netherlands. Findings reveal that OR planning varies, with long-term scheduling
remaining a bottleneck due to staff shortages and unrealistic schedules. Despite
emerging data-driven tools and capacity centers, adoption is slow as stakehold-
ers prioritize transparency over automation. The absence of clear OR planning
policies complicates decision-making. To improve efficiency, hospitals should
focus on: (1) leveraging data for greater transparency, (2) gradually integrating
automation into established systems like EHRs, and (3) developing standardized
OR planning policies to ensure consistency and accountability.

This chapter is under review as:
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belsteen. OPUSI - Operating Room Planning and Utilization Strategies of University Medical Centers: an Obser-
vational Study
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3.1 Background

Hospitals face growing economic and workforce related pressures, due to an ag-
ing population and a shortage of healthcare workers. This creates an urgent need
for process optimization to control costs and improve service delivery (Rais & Vi-
anaa, 2011). The operating theatre, as a complex and high-cost hospital environ-
ment, is central to these optimization efforts (Lee et al,, 2019). Hospital managers
aim to enhance OR performance by delivering high-quality services, ensuring
patient satisfaction and safety, and achieving exemplary care outcomes, while
simultaneously addressing budget constraints and prioritizing staff well-being.
This necessitates efficient surgery schedules that minimize overtime (Fei et al.,
2010).

As examples to improve OR scheduling efficiency, we found that researchers
have proposed diverse strategies, including computational planning and sched-
uling techniques such as machine learning (Al Amin et al., 2025; Harris & Claudio,
2022a; Rahimi & Gandomi, 2021; Schouten et al., 2023; Zhu et al., 2019). Bellini et
al. (2024) discuss the growing adoption of Artificial Intelligence (AI) in health-
care management and note challenges in implementing Al for OR scheduling,
including data accessibility, privacy concerns, and limited validation research.
Oliveira et al. (2023) explores the potential of extended OR hours to address sur-
gery backlogs, while Pasquer et al. (2024) highlights organizational factors, such
as specialty-dedicated rooms and teams, that enhance surgical performance. Ad-
ditional systematic reviews on OR scheduling generally classify research based
on patient characteristics (e.g., in/outpatient, emergency status), decision types
(e.g., medical vs. non-medical), decision-making levels (strategic, tactical, opera-
tional), uncertainties (e.g., patient arrival times, surgery duration, cancellations),
methodologies (e.g., simulations), and practical applications (e.g., theoretical or
real-life data, implementation testing) (Cardoen et al., 2010; Harris & Claudio, 2022,
Hulshof et al,, 2012; Koushan et al,, 2021; Samudra et al., 2016; Zhu et al,, 2019).

We found that most research focuses on operational-level scheduling—where
elective surgery planning takes place—rather than on the strategic and tactical
levels that involve long-term staffing and OR time allocation (Zhu et al., 2019).
There appears to be less emphasis on strategies to address workforce shortages
in OR planning, while staff shortages at the operational level remain a signifi-
cant cause of surgery cancellations, and Koushan et al. (2021) argue that these
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shortages are symptoms of inadequate capacity management. They suggest that
simply expanding the workforce is insufficient unless the underlying issues in
capacity planning are addressed.

Implementing interventions or innovations in hospitals often fails (Jacobs et al.,
2015), and there is a notable gap in applied research within OR scheduling (Harris
& Claudio, 2022; Pasquer et al,, 2024; Samudra et al,, 2016). Few studies report on
successfully implemented scheduling interventions.

Among those that do, Hwang & Barton (2016), Riise et al. (2016), and Visintin et
al. (2017) investigated tools designed to improve master scheduling systems. A
master scheduling system is a framework used to allocate OR resources at the
tactical level, determining the distribution of surgical time blocks to different
specialties or services over a planning horizon (e.qg., weeks or months). Dios et al.
(2015) studied the implementation of a decision support system for scheduling
patients into the OR, while Zenteno et al., (2015, 2016) examined the use of open
time slots dedicated for emergency cases and data-driven scheduling approach-
es that consider downstream bed occupancy. Rowse et al. (2015) also researched
an OR scheduling system that takes bed occupancy into account to reduce sur-
gery cancellations. Calegari et al. (2020) evaluated a heuristic approach for se-
quencing surgeries that integrates both upstream and downstream resources.
These studies provide valuable insights into the practical application of schedul-
ing interventions, yet they remain relatively rare within the broader body of OR
scheduling research.

We acknowledge that hospitals are inherently complex organizations (Glou-
berman & Mintzberg, 2001). While individual aspects of surgery planning might
seem straightforward, integrating these elements into the broader organizational
and social context reveals significant challenges. This lack of cohesion across
various components and processes complicates OR planning, as it involves mul-
tiple stakeholders with sometimes conflicting interests (Cardoen et al.,, 2010).
Poor inter-professional collaboration can hinder patient care and OR planning
effectiveness (van Veen-Berkx et al,, 2015). Additionally, many studies focus on
i1solated aspects of OR planning, lacking a comprehensive system-wide perspec-
tive (Toub et al.,, 2022). Such narrow perspectives can impede the successful im-
plementation of medical technologies or interventions, which require a holistic
understanding of the broader context to ensure relevance and feasibility in clin-
ical practice.
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In the Netherlands, the University Medical Centers (UMCs) adopt a collaborative
approach through the Benchmarking OR initiative, where the operating theaters
of all seven UMCs work together to share information, identify best practices, en-
hance organizational learning, and conduct joint research. Building on this ini-
tiative, this study seeks to map the involvement of individuals and departments
throughout the different phases of the OR planning process. By identifying com-
mon bottlenecks, current practices, and emerging trends, we create a compre-
hensive overview that integrates insights on challenges and best practices. With
this overview we aim to provide a structured framework for understanding and
improving OR planning across all seven UMCs in the Netherlands. Such insights
will contribute to more effective planning processes and addressing healthcare
workforce shortages, ultimately enhancing both operational efficiency and pa-
tient care.

3.1.1 Theoretical framework

The OR planning overview combines and adaptation of the Functional Resonance
Analysis Method (FRAM) model (Hollnagel, 2017) with the positioning framework
of Hans et al,, 2007. Actions from stakeholders that contribute to the OR planning,
referred to as functions in the FRAM model, are plotted in stakeholder-specific
swimming lanes against a timeline ranging from a year in advance to the day
of surgery. We also indicate the planning levels outlined by Hans et al. (2007):
strategic planning (long-term decisions such as capacity dimensioning and re-
source allocation), tactical planning (medium-term decisions, including resource
allocation and scheduling over months to a year), and offline and online opera-
tional planning (short-term decisions involving week-to-week and day-to-day
planning and scheduling).

The original FRAM model, typically used to analyze complex systems, is build up
by functions. A function represents a set of activities performed by the system.
Functions are visualized as hexagons with six aspects: input, output, time, re-
source, control and precondition. Input is what the function needs to start, output
1s what the function produces. Preconditions must be met before the function
can be performed and resources are tools or information that are required to per-
form the function. Control comprises supervisory aspects that influence how the
function is performed. Time represents temporal constraints.
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By linking the functions, the model shows couplings and dependencies, helping
to understand how changes in one part of the system can impact other parts.

3.2 Method

To create detailed overviews of the hospitals’ planning processes, we conducted
a series of interviews with stakeholders. During these interviews, stakeholders
were asked to describe the actions they perform in their segment of the planning
process, the individuals or departments they collaborate with, and the ways they
communicate (e.g., through structured meetings). The interviews were guided
by a printed schematic that included a timeline and stakeholder-specific swim
lanes. The methodology for developing these overviews, including participant se-
lection and the interview setting, is described in detail in this section, following
the COREQ checklist (Tong et al.,, 2007). Although the overviews aim to capture
the current situation, participants were also encouraged to share how they would
prefer to work differently. These preferences were documented as “wish lists”.

3.2.1 Study design

In our adaptation of the FRAM model, we have made four significant changes
(Figure 1). First, since we place the functions on a timeline, we excluded time
as a separate aspect connected to the function. Second, we plot the functions in
stakeholder-specific swimming lanes to clearly delineate responsibilities. Third,
we indicate which functions take place during meetings of the involved stake-
holders. Fourth, we differentiate between functions and subfunctions. A subfunc-
tion, represented as a small black dot, is used when a stakeholder contributes to
a function by, for example, acting as a resource, but does not execute the action
themselves. This choice helps maintain an overview, as the processes we de-
scribe are extensive.

FRAM MODEL ADAPTATION MEETINGS [ Meetng ]

@ = Input @ = Output Chair of meeting ‘ o)

® = Resource @ = Precondition
Present at meeting

@ = Control Has influence on meetlng - -

_______I

Figure 1 FRAM model adaptations.
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Figure 2 shows a simplified example of the overview. In this overview, we include
advance scheduling (Cardoen et al,, 2010), which involves setting a surgery date
for a patient, and allocation scheduling, which specifies the operating room and
the start time of the procedure on the designated surgery day. Additionally, we
cover OR staff planning, which encompasses scheduling for individual physi-
clans, operating assistants, and anesthesia assistants. However, we do not cover
resource scheduling, which involves identifying and reserving necessary equip-
ment and materials for surgery. In our overviews, the term “resource” specifically
refers to staff resources.

Stakeholders
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Figure 2 Simplified example of the OR planning process overview layout.

3.2.2 Participant selection

All seven Dutch University Medical Centers are part of the OR Benchmarking
initiative and participated in this study. One of these hospitals is currently in
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the process of merging from initially two university medical centers. Therefore,
we considered them as one entity, but due to the ongoing nature of the merger,
particularly at the operational level, we decided to create separate overviews for
each of the two originally separate centers. This required interviewing addition-
al stakeholders and resulted in eight overviews for seven hospitals.

We conducted interviews with at least seven stakeholders per hospital, totaling
54 participants. The interviewed stakeholders included members of the board
of directors, OR managers, Capacity Center staff, senior planners, medical spe-
cialists, OR staff planners (who plan OR nurses and anesthesia nurses), OR team
leaders, planning office employees, medical coordinators, and program coordina-
tors. We did not interview health insurance providers, staff from recovery, func-
tion departments, nursing wards, or the intensive care unit (ICU). While these
groups play a role in coordinating bed availability across hospital departments,
they do not directly contribute to OR planning and were therefore excluded from
the scope of our study.

Of the 54 participants, three stakeholders were unable to complete the entire
study because of time constraints, pregnancy leave, and long-term sick leave.
We found a replacement for one of these stakeholders. For the remaining two, we
chose to include their incomplete information if it could be verified by the other
participants in the study:.

3.2.3 Setting

The first round of interviews was conducted on-site at the hospital where the
stakeholders work, with only the two researchers (authors AS and LH) and the
participant present. Once all interviews in the first round were completed, the
findings were consolidated into a single comprehensive overview. To validate
this overview, a second round of interviews was conducted online. Each stake-
holder was presented with the same version of the overview, and the researchers
refrained from sharing any knowledge or insights previously gathered from oth-
er stakeholders. This approach ensured consistency in the way information was
collected. A third and final validation was completed via email. All interviews
were conducted in 2023 and 2024, using the standard consent form format pro-
vided by the University of Leiden, which all participants were required to sign.
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3.2.4 Data collection
The overview was constructed in three stages:

1. Initial Draft (VO): When available, the initial draft is created based on the hos-
pital’s OR regulations document, though not all hospitals have such a docu-
ment, and its content can vary. This draft is then reviewed by at least seven
stakeholders during individual interviews, where they can annotate and pro-
vide feedback on a printed copy of the VO draft. In cases where no regulations
document exists, an empty overview is used as a starting point, which is then
collaboratively filled in with input from the stakeholders.

2. Revised Draft (V1): The feedback from the initial interviews is incorporated
into a second draft. In a second round of individual interviews with the same
stakeholders, the V1 draft is re-evaluated.

3. Final Version (V2): The finalized version of the overview is sent to the stake-
holders via email for a final review.

The study design was pilot tested in the LUMC hospital with three stakehold-
ers, with different occupations. During the interviews, no audio or visual record-
ings were made. One researcher guided the participant through the draft of the
overview, and the second researcher made field notes. This way, the researchers
and the interviewee visually updated the drafts of the scheduling process. Both
researchers asked the participant to elaborate on certain parts of the planning
process when necessary.

To achieve data saturation, a minimum of seven stakeholders were interviewed.
Recurring meetings—defined as structured discussions or regular collaborative
gatherings within the planning process—were included in the overview only if at
least three different stakeholders independently mentioned them. The overviews
derived from the interview results were created by author AS and cross-checked
by author LH against the notes taken during the interviews to ensure accuracy
and consistency.

3.2.5 Analysis and findings
To analyze quantitative aspects of the overviews, such as the number of actions
performed by each stakeholder per hospital and the distribution of actions across
decision levels, the overviews were digitized in Microsoft Excel 2024 (Microsoft
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Corp.). This involved populating columns with data on the (sub-)function, corre-
sponding coordinates, stakeholder, relevant aspects, decision level, timestamp,
hospital, whether the action occurred during a meeting, and whether it resulted
in a planning outcome. The participants’ wish lists were documented in Micro-
soft Excel 2024, organized by profession, and independently labeled and cate-
gorized by AS and LH. Any differences in labeling were discussed and resolved
collaboratively.

3.3 Results

The supplementary files contain the eight produced overviews of the seven hos-
pitals included in this study. This section presents the analysis of these over-
views. First, an overview of the stakeholders and their roles within the hospital
context is provided. Next, a comprehensive overview of OR planning in Dutch
UMCs is described, with key differences between hospitals highlighted. Finally,
participants’ perspectives on potential improvements to the OR planning process
are discussed.

3.3.1 Overview of participants and their context in the hospital
Table 1 shows an overview of the roles of the 54 participants, and how many par-
ticipants per role were interviewed. Note that some participants fulfill multiple
roles. Figure 3 displays the participant roles placed in the context of the relevant
hospital departments.
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Table 1 Overview of the roles of the participants in the hospital and how many participants per

Role in hospital

role were interviewed.

Description

Operating Room
manager

Oversees the entire OR center.

Medical coordinator

Typically an anesthesiologist, responsible for coor-
dinating surgeries on the scheduled day alongside
the program coordinator. Together, they manage
emergency surgeries, delays, and other issues. The
medical coordinator is accountable for medical
decisions.

Program coordinator

Usually an OR nurse who takes on this role a few
days a week. Works with the medical coordinator
to manage emergencies, delays, and schedule gaps
caused by staffing shortages.

Operating Room
team leader

Leads the team of OR nurses.

Planning office

Each medical specialty generally has its own
office responsible for scheduling patients. In some
cases, one office may handle scheduling for multi-
ple specialties.

Medical specialist

Often, a lead medical specialist is responsible for
overseeing the planning aspects for their special-

ty.

Capacity center

Develops an annual budget cycle that includes
financial, production, and capacity planning. This
cycle determines the patient care to be provided
by the hospital and the required capacity.

Board of directors

Responsible for overseeing the organization's
overall strategic direction, ensuring high stan-
dards of patient care, financial stability, and requ-
latory compliance.

Senior planner

Responsible for the distribution budgeted surgery
hours across specific ORs and days.

Staff planner

Develops staff planning for OR nurses and anes-
thesia nurses.
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Figure 3 The general structure of the relevant departments of the hospitals and corresponding
participant roles.
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3.3.2 Overview of OR planning in Dutch UMCs

To quantify the differences between hospitals, Figure 4 illustrates the number
of actions at each planning level for each hospital. The number of actions at the
online operational level is relatively consistent across hospitals. However, the fo-
cus on tactical-level planning varies and is often quite low. Notably, interviews
revealed fewer reported bottlenecks in operational planning when the number of
actions at the tactical level was higher. This trend suggests that hospitals with
more robust tactical planning may experience less need for adjustments to their
original plans.

NUMBER OF ACTIONS PER PLANNING LEVEL

m Strategic level M Tactical level m Offline operational level m Online operational level

9
S S
o <) ) )
0
~ ~ ~ ~ ~
© © © © ©o © ©o ©
wn wn w wn
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) )
o~ | o~ o~ o~ |
HOSPITAL 1 HOSPITAL 2 HOSPITAL 3 HOSPITAL 4 HOSPITAL 5 HOSPITAL 6 HOSPITAL 7 HOSPITAL 8
HOSPITALS

Figure 4 Bar chart illustrating the number of planning actions across strategic, tactical, and oper-
ational levels for each hospital.

Figure 5 presents the number of actions performed by each stakeholder across
different hospitals. There is variation among stakeholders with the same role
across hospitals. For instance, while the number of actions for program coor-
dinators is relatively consistent in most hospitals, the program coordinators in
hospitals 2 and 3 exhibit a significantly higher number of actions.
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Board of directors

Capacity center

Management OR

Senior planner

Medical specialist

OR staff planners

ORteam leaders

Planning office

Medical coordinator

Program coordinator

Function department

Figure 5 Bar chart showing the number of actions performed by each stakeholder across hospi-
tals.

3.3.3 Strategic level

A year in advance, the board of directors formulates a hospital vision and strat-
egy, which is influenced by negotiations with external stakeholders such as
healthcare insurance providers and the government. Simultaneously, medical
specialties develop their own strategies. The interaction between these strate-
gic levels varies by hospital, affecting the degree of collaboration between the
board of directors, medical specialists, and OR management. Surgery hours are
allocated to medical specialties based on these strategies (Figure 6). The alloca-
tion process differs among hospitals: in two, the board of directors supervises the
process, typically delegating execution to the finance and control department;
in another two, a capacity center determines allocations based on data from the
previous year; and in four, the responsibility lies with the OR management team.
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The allocated hours are then presented to the medical specialties, which can
sometimes request changes, potentially leading to several iterations. This pro-
cess is a zero-sum game—if one specialty receives more hours, another receives
fewer.

In seven out of eight hospitals, the newly allocated hours are distributed through-
out the year in four-week cycles, including reduction weeks—periods when the
operating room operates on a reduced schedule, often due to holidays or lower
patient demand. This distribution is commonly referred to as the yearly blue-
print. Five hospitals use the previous year’s blueprint as a baseline, adjusting it
based on the newly budgeted hours, except in cases of structural changes, such
as OR center remodeling or shifts in healthcare provision. The remaining three
hospitals take a more flexible approach, developing their blueprint from scratch
each year.

HOSPITAL 1 HOSPITAL 2
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Figure 6 Selection of the strategic level from two different hospitals, illustrating the strategies
used for allocating surgery hours per medical specialty. The numbers on the x-axis and the
y-axis (right) represent the coordinates of actions within the overview, corresponding to their
positions in the original overviews.
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3.3.4 Tactical level

Approximately six months in advance, the availability of OR staff is determined
(Figure 7). In six hospitals, OR management oversees this process, while in two,
OR staff team leaders and planners take on a more significant role. Every month,
three months ahead of time, the alignment between OR staff capacity and the
yearly blueprint is reviewed. Hospitals employ different strategies to reconcile
any discrepancies. One hospital uses flexible ORs, reallocating them based on his-
torical data to specialties with the greatest need after the initial planning. Three
other hospitals designate specific timeslots as pro-memorie sessions, meaning
that if adjustments are required, patients scheduled in these slots will be the first
to be canceled.

Once the staff budget and yearly blueprint are aligned, a senior planner distrib-
utes the budgeted hours across specific ORs and days. The staff budget refers
to the availability of operating room assistants and anesthesia nurses. In five
hospitals, the capacity center supports this process by analyzing historical data,
such as the utilization of medical specialists in previous months. Four hospitals
reported that the results of this step are reviewed in a tactical planning meeting,
while others communicate them via email.

Larger medical specialties often have more involvement than smaller ones. Med-
ical specialties can request extended operating times for specific procedures,
with the timing of these requests varying by hospital. In some hospitals, this oc-
curs at the tactical level, while others handle it more ad hoc at the operational
level. The result of the tactical level planning is the yearly planning, where the
filled-in blueprint sessions are published in the Electronic Health Record (EHR)
per month, three months in advance.

Parallel to the development of the yearly planning, OR staff planning begins. Six
months in advance, operating room assistants and anesthetic nurses communi-
cate their availability for the coming months. Based on their availability, OR staff
planners develop and publish a duty roster with the working hours.
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Figure 7 Selection of the tactical level of two different hospitals that illustrates the used to align
the yearly blueprint with staff capacity. Both hospitals first divide the surgery hours over the OR
and compensate for staff availability by making use of flexible ORs (Hospital 3) or pro-memorie
ORs (Hospital 4). The numbers on the x-axis and the y-axis (right) represent the coordinates of
actions within the overview, corresponding to their positions in the original overviews.

3.3.5 Offline operational level

Once the yearly planning is published in the EHR, planning offices or special-
ty-specific planners begin scheduling patients from the waiting list into desig-
nated OR sessions for their specialty. They follow guidelines to maintain flexibil-
ity for emergency patients and optimal utilization. For instance, planners aim to
schedule longer surgeries at the beginning of the day and shorter ones towards
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the end. This approach allows for adjustments if a longer surgery overruns, as the
shorter surgery can be moved to another OR with more efficient planning. In five
hospitals it was reported that planners typically develop a decentralized concept
plan, relying on their own judgment, before entering it into the EHR. The advance
planning timeline varies by specialty and surgery type; for example, trauma sur-
gery typically plans patients on a shorter-term basis than more routine proce-
dures.

All patients must be scheduled approximately one week in advance, with (elec-
tive) trauma specialties being an exception. To verify and approve the plans made
by the planners, six hospitals hold a multidisciplinary meeting and a weekly
program meeting. The multidisciplinary meeting, which can be specialty-spe-
cific or combined across specialties, involves the OR management, medical co-
ordinators, and other relevant disciplines discussing the planning (Figure 8). The
multidisciplinary meeting, which may be specific to a single specialty or involve
multiple specialties, includes OR management, medical coordinators, and other
relevant disciplines who collaborate on the surgical planning. The anesthesiolo-
gist assesses whether the patient is fit for surgery, determines the sedation tech-
nique, and addresses specific needs, such as scheduling diabetic patients early.
The surgeon decides on the procedure, such as full mastectomy or breast-con-
serving surgery in breast oncology, based on the cancer’s characteristics, which
also affects surgery duration.

Following this, the weekly program meeting checks if the planning is realistic in
terms of OR staff availability and if all necessary materials, such as 3D-printed
equipment, are ready. It also ensures there are enough ICU and recovery beds.
This results in a final weekly plan, and the OR assistants and anesthetic nurses
are then scheduled according to this plan. After staff scheduling, the planning
1s evaluated at the day level. Before finalizing the day plan, planning offices can
make adjustments, such as adding semi-emergency patients to time slots in-
tentionally left empty for emergencies or delays. These timeslots are typically a
strategic choice of the planning office rather than hospital policy. The day before
surgeries, the day plan is finalized and locked at a specific time, usually early in
the afternoon. After this point, changes are not permitted without approval from
the medical and program coordinators. The strictness of enforcing this locked
planning policy varies by hospital.



OPUS I

102

o
o~ bt ) e ) ~ © n <« ) «~ - £
S
\
1
N
| . Q- "—"——‘"""""""‘+V"—— ¥/ ¥ V0 0 0 0 i _—__—__—__—__—_r—_—__—_——d_ __
| — £) |
iz T - - - ] *
| o g 52 <
—= | g M |
T B s S S
3 | =g 288 |
@ | 25
N — | 8 S |
_ e 2
I ol —-—— - e e - 3
=1
W © | H
% A O S S S S S
Q |9 = . ~
T o 5 ® ®
= < w g
g | mm“ s8¢
5 s <
| mM_ 883
| =
, [ S O S S
|
1 [
1
L
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 2, _——_——
20 - - - }\0 |
=k N |
Sl s>
s |BE| z8%¢ !
¢ 18w 2359¢56 |
o 18| £ 8335
< s |°&]| S |
N_ 5 = | I EEEE————————.— — | 2
E |5 O g
o S
- e e e e ————— ORE T I
r | o . . - - - —) e !
£ -5 @ o |
£ R g£>2
] s> c |
o =] 29 c
g3 S:5 |
s it |
||||||||||||||||||||||||||||||||||||||||||||| K I
I A\
— | T
I
Il
S ——_
| | .
- -
L I
— | z |
2 b
>
3 | E !
3 g _
o e N g Sy Sy |_ L
z s <
= © =
o i o
7] S (O | S P i
o |9, o - - - ~
T | = o o @ |
£ (|ls2s §28¢g |
= | [EE=hE ~ 2 8¢
o ! =25 O g c¢c c |
=] © 508
| @ E S ®© 0o |
[| = S
[ S
|
|
i
SIBPIOYRNEIS anuad 4O Jauued 1s1jeads siauueld siapea| 2140 Suluue|d 10JeUIPI00D 1038UIPI00D Asanoday jod no1/prem

/iuswuedap SuisinN
uonouny

fapedey Jus waSeue |y Joluas |edpaN JILSERTe) wea) Yo [ESIE] wesdoid

Figure 8 Three examples of hospitals who have similar multi-disciplinary meetings and weekly
evaluation meetings on an offline operational level. In these meetings the weekly planning is

evaluated, checked and approved by a broad range of stakeholders. The numbers on the x-axis and
the y-axis (right) represent the coordinates of actions within the overview, corresponding to their

positions in the original overviews.
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3.3.6 Online operational level
On the day of surgery, the medical and program coordinators review the emer-
gency waiting list, which often includes cases that came in overnight. All hospi-
tals have multiple dedicated emergency ORs. Adding patients to the emergency
waiting list is typically done by the medical specialist, who contacts the medical
and program coordinators, with assistance from the planning office in some cas-
es.

The medical coordinator, usually an anesthesiologist, makes medical decisions
regarding the priority of emergency patients and whether the elective schedule
needs to be adjusted for additional emergency surgeries. The program coordina-
tor ensures that the ORs are prepared for these surgeries and that the necessary
staff and equipment are available. A medical specialist can also cancel a surgery
if the patient develops a fever or becomes too ill for the procedure. In such cases,
the specialist must notify both the medical and program coordinators. It is not
uncommon for the coordinators to close a session due to staff shortages, surgery
delays, or emergency surgeries. When a surgery is canceled, either coordinator
will inform the medical specialist and adjust the final planning.

3.3.7 Historical data

After surgery, data is stored, but the extent to which hospitals use this historical
data to improve planning varies. A growing trend across hospitals is the devel-
opment of capacity centers, which are expanding in (staff) size, influence, and
gaining broader acceptance and appreciation. However, in most hospitals, data
analysis is not yet performed consistently; instead, it is typically conducted on
an ad-hoc basis, often in response to specific questions from OR management.

3.3.8 Stakeholder perspectives

Stakeholders involved in OR planning across various hospitals expressed a range
of wishes and concerns, highlighting both challenges and areas for improvement.
A common theme is the need for better long-term planning, with stakeholders
preferring realistic and transparent blueprints that align with current capacity
and avoid over-scheduling. For example, three stakeholders suggested issuing
final blueprints earlier—ideally 8—12 weeks in advance instead of the current 4-6
weeks—to allow more time for preparation, particularly for large or complex sur-
geries.
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Eight stakeholders emphasized the need to account for staffing shortages in the
planning process, with one suggestion being to consider 80% capacity as the new
100% to create more realistic and achievable schedules.

Communication and coordination are significant pain points. Decentralized plan-
ning often requires excessive back-and-forth communication, leading to ineffi-
ciencies. For instance, one stakeholder noted that medical specialists sometimes
call anesthesia directly instead of coordinating through the OR office, creating

inconsistencies. Another example involves the clustering of similar procedures,
where specialties independently schedule many small surgeries on the same day,
causing bottlenecks. Nine stakeholders suggested standardizing communica-
tion protocols and fostering better collaboration between specialties and depart-
ments, particularly to address issues such as emergency cases and cancellations.

Data-driven approaches and enhanced tools were frequently mentioned as crit-
ical improvements. Ten stakeholders wished to integrate historical data into
planning systems to improve resource prediction and scheduling accuracy. For
example, five stakeholders proposed using historical data to determine procedure
times at the surgeon and anesthetist levels and implementing Al tools to opti-
mize schedules. Twelve stakeholders also highlighted the limitations of current
EHR systems, noting that they do not effectively track schedule changes. They
emphasized the need for a more user-friendly EHR system that enables real-time
updates and transparent tracking. Furthermore, four stakeholders identified sig-
nificant value in the ability to create a draft schedule within the EHR that remains
hidden from patients until finalized.

Twelve stakeholders also emphasized the importance of feedback and adherence
to planning rules. They called for structured evaluations of planning outcomes
and the establishment of clearer guidelines to ensure consistency across special-
ties. For instance, seven stakeholders highlighted the need for stricter policies to
lock schedules, minimizing last-minute changes after the operational planning
meeting. Four stakeholders proposed conducting weekly planning reviews with
all relevant departments to promote transparency and alignment.

Ultimately, stakeholders desire a planning process that is proactive, transparent,
and responsive to their needs. Specific improvements include issuing earlier and
more realistic blueprints, integrating advanced data tools, streamlining commu-
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nication, and aligning planning processes more closely with operational real-
ities, such as accounting for downstream impacts like recovery room and bed
availability.

3.4 Discussion

This study aimed to identify bottlenecks, current practices, and emerging trends
in OR planning. The findings show variability in planning practices across Dutch
hospitals, particularly in the number of strategic, tactical, and operational actions,
as well as in how responsibilities are distributed among stakeholders. Differenc-
es in the number of actions at each decision level can be attributed to variations
in hospital locations, leading to distinct case-mix compositions. Additionally,
hospital size plays a role in shaping planning approaches. A hospital’s strategic
priorities also influence its planning focus; for instance, a hospital prioritizing
emergency cases in the region may adopt a more operationally driven planning
strategy. The distribution of responsibilities among stakeholders often reflects
their own preferences and organizational dynamics.

3.4.1 Bottlenecks

Stakeholders involved in OR planning have highlighted bottlenecks that impede
efficiency. One major challenge is long-term planning, with blueprints often is-
sued too late—4—6 weeks in advance—providing insufficient preparation time,
especially for complex surgeries. Stakeholders have proposed issuing blueprints
8—12 weeks earlier and designing more realistic schedules that account for staff-
ing constraints, such as planning at 80% capacity to better match available re-
sources. This challenge aligns with the Case-Mix Planning Problem described
in the literature, which focuses on determining the optimal combination of sur-
geries to perform within a specific period (Cardoen et al., 2010). The aim is to bal-
ance resource utilization—such as staff, ORs, and beds—while achieving desired
outcomes like financial efficiency or improved patient throughput, all within the
constraints of surgeon availability and patient prioritization (Kim et al., 2018).

Communication and coordination remain critical challenges in OR planning. De-
centralized planning often results in inefficiencies, such as excessive back-and-
forth communication and inconsistent practices. Poor coordination between
specialties can lead to bottlenecks, such as the clustering of small procedures on
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the same day. Standardized communication protocols and improved cross-spe-
cialty collaboration could mitigate these issues. However, stakeholders empha-
sized that while centralized planning is desirable, current EHR systems lack the
functionality to support it. A significant concern is that concept plans in EHRs
are immediately visible to patients, potentially causing confusion. Additionally,
stakeholders reported that the way information is presented in EHRs often lacks
clarity, making it difficult to maintain an overview during the planning process.
Despite these limitations, EHR systems are frequently cited in the literature as
successful hospital innovations that significantly enhance patient care coordi-
nation (Omaghomi et al,, 2024). This suggests that developing an EHR system
tailored to standardized OR planning — where planning is conducted using the
same system and follows consistent rules across departments, without central-
izing all decisions — could be a valuable improvement for hospitals, addressing
existing challenges and enhancing planning efficiency:.

Stakeholders also emphasized the need for planning systems that integrate his-
torical and real-time data to enhance scheduling accuracy, with suggestions for
using data-driven methods to predict procedure times at both the surgeon and
anesthetist levels. While the literature describes numerous systems with such
functionalities, implementation remains challenging due to fragmented hospital
data storage, financial constraints, and resistance from staff to adopt yet another
system (Cardoen et al, 2010). However, modern EHR systems are increasingly
capable of integrating historical and real-time data. A more structured approach
to data storage, combined with the continued development of systems already
embedded in clinical workflows, is likely the most effective path forward. The
financial constraints hospitals face in acquiring more advanced EHR systems
must be considered (Nguyen et al., 2022). Due to the high costs of vendor-based
EHRs, open-source alternatives are emerging. However, these open-source sys-
tems often lack systematic evaluation based on a standardized reference model,
raising concerns about their reliability and integration into clinical workflows
(Shaikh et al,, 2022).

Additionally, stakeholders report that feedback mechanisms and adherence
to planning rules are insufficient, with inconsistent evaluations and frequent
last-minute changes undermining the planning process. Clearer, universally ap-
plied rules were suggested to improve consistency and efficiency. This could be
in the form of more elaborate OR regulation documents, in which plan rules and
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requlations are documented. These documents should be available and used by
all stakeholders that contribute to the planning. It is also reported in literature that
more structured management policies can reduce variability and increase pre-
dictability, thereby improving operating room efficiency (Sandbaek et al,, 2014).

An open question remains whether formalizing proven planning strategies into
hospital policies would lead to greater uniformity in OR planning across institu-
tions. However, while standardization can enhance efficiency, variation is not
inherently negative. We advocate for well-substantiated variation, ensuring that
differences in planning approaches are intentional, evidence-based, and tailored
to the specific needs of each hospital rather than resulting from ad hoc decisions
or inconsistent practices.

Finally, current planning sometimes overlooks downstream factors, such as re-
covery room and bed availability, which can result in delays and resource mis-
matches. The challenge of integrating upstream and downstream scheduling
1s well-documented in the literature, highlighting the need for comprehensive
approaches to address this complexity (Calegari et al., 2020). Incorporating da-
ta-driven approaches may offer a potential solution. For instance, Shehadeh &
Padman (2022) discuss the modeling of surgery scheduling problems constrained
by downstream capacity and propose stochastic optimization methods to im-
prove efficiency.

3.4.2 Emerging trends

Although historical data is routinely collected, its application to improve OR plan-
ning remains inconsistent. Capacity centers are emerging as valuable tools for
data-driven optimization, but they have not yet been universally adopted. This
hesitancy aligns with findings in the literature, which indicate that implement-
ing innovations in hospital settings often fails (Jacobs et al,, 2015). This study
also revealed that stakeholders value transparency and a clear overview of the
processes they are involved in. The lack of such overview may contribute to their
reluctance to delegate tasks to data-driven tools. At present, it appears that the
primary value of hospital data lies in enhancing transparency for stakeholders
rather than automating processes or reducing workloads and responsibilities.
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3.4.3 Key recommendations

Based on our findings, we propose three key actions to help hospitals strengthen
their OR planning in an ecosystem marked by severe workforce shortages and
an increasingly demanding population due to factors such as aging and obesity:

1. Leverage hospital data to enhance process transparency, Stakeholders need a clear
overview of OR planning processes to foster trust, collaboration, and efficien-
cy. Regular data analysis can support this.

2. Introduce automation only after transparency is established; Once processes are
well understood, automation — preferably integrated into existing systems
like EHRs—can be gradually introduced to optimize OR planning.

3. Establish clear, written OR planning policies; While many hospitals possess in-
formal knowledge of effective planning strategies, documenting these guide-
lines will accelerate the learning curve for new staff, promote accountability,
and ensure that all stakeholders — regardless of hierarchy — have a voice. Al-
though deviations from standard regulations will sometimes be necessary, a
universally accepted framework will greatly enhance transparency and fair-
ness in OR planning.

By prioritizing these steps, hospitals can build a more resilient and adaptive
OR planning system, ensuring both operational efficiency and equitable deci-
sion-making.

3.4.4 Limitations

This study included only the process components explicitly mentioned by stake-
holders, which may result in some overviews missing certain parts of the plan-
ning process if stakeholders did not bring them up. Future research could mit-
igate this limitation by providing stakeholders with comprehensive overviews
of all hospital processes. Such an approach could help stakeholders identify ele-
ments they may have overlooked when describing their own planning processes.
Additionally, while the overviews aim to provide a complete picture, they lack
detail in certain areas, particularly the integration of resource planning and the
involvement of hospital departments outside the OR center. These limitations
constrain the scope of the findings and their applicability to broader hospital op-
erations.
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Furthermore, it is important to acknowledge that the overviews created for this
study represent a snapshot of the processes in the interviewed hospitals, as these
institutions are continuously evaluating and refining their workflows.

3.5 Conclusions

This study aimed to explore the bottlenecks, current practices, and emerging
trends in OR planning. The findings highlight variability in planning approaches
across Dutch hospitals, particularly in the number of strategic, tactical, and oper-
ational actions and the distribution of responsibilities among stakeholders.

Long-term planning remains a critical bottleneck, with blueprints often issued
too late and insufficiently accounting for resource constraints such as staffing
shortages. Additionally, enhancing EHR systems to better support centralized OR
planning and integrating real-time and historical data are promising strategies
for improvement. However, the successful implementation of these technologies
requires a structured, stepwise approach.

Emerging trends include the gradual adoption of capacity centers and the poten-

tial for data-driven tools to optimize scheduling. However, the current primary
value of hospital data may lie in increasing transparency rather than directly

automating processes (Figure 9).

Figure 9 Planning perspectives can
point in different directions.
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The lack of clarity in data-driven approaches underscores the need for tools that
provide stakeholders with a clear understanding of their roles and the broader
planning process.

Additionally, a lack of feedback mechanisms and inconsistent adherence to
planning rules create inefficiencies, with frequent last-minute changes disrupt-
ing workflows. The implementation of clear, universally applied rules and the
development of comprehensive OR regulation documents accessible to all stake-
holders could improve consistency. However, standardization should not elim-
inate flexibility—rather, we advocate for well-substantiated variation, ensuring
that planning differences across hospitals are intentional and evidence-based,
rather than the result of ad hoc decision-making. To strengthen OR planning in
an ecosystem marked by workforce shortages and increasing patient demand,
hospitals should focus on three key recommendations:

1. Leverage hospital data to enhance process transparency; Stakeholders need
a clear overview of OR planning processes to foster trust, collaboration,
and efficiency. Regular data analysis can support this.

2. Introduce automation only after transparency is established; Once processes
are well understood, automation — preferably integrated into existing
systems like EHRs—can be gradually introduced to optimize OR plan-
ning.

3. Establish clear, written OR planning policies; While many hospitals possess
informal knowledge of effective planning strategies, documenting these
guidelines will accelerate the learning curve for new staff, promote ac-
countability, and ensure that all stakeholders — regardless of hierar-
chy — have a voice. Although deviations from standard regulations will
sometimes be necessary, a universally accepted framework will greatly
enhance transparency and fairness in OR planning.
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Addressing these challenges and bottlenecks requires a comprehensive and
phased approach that prioritizes transparency, structured automation, and clear
policy frameworks. By implementing these steps, hospitals can improve efficien-
cy, reduce bottlenecks, ultimately creating a more resilient and adaptive OR plan-
ning system.
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OPUS II

Operating Room Planning and Utilization Strategies
in a Top Clinical Center: A Comparative Case Study
with University Medical Centers

To develop broadly applicable operating room (OR) planning strategies, a clear
understanding of current practices is essential. Building on our previous OPUS
I study, which mapped OR planning processes, bottlenecks, and best practices
across all seven Dutch University Medical Centers (UMCs), this study examines
OR planning in a Top Clinical Center (TCC) to explore how it is organized and how
it compares to UMCs. We analyzed contextual data on the TCC and UMCs, creat-
ed a generalized OR planning overview for UMCs from OPUS I interviews, and
conducted seven stakeholder interviews at the TCC to map its planning process
and gather improvement suggestions. The results show both similarities and dif-
ferences between the TCC and UMCs, with the TCC following a more structured,
recurring planning cycle. Stakeholders at the TCC prioritized improvements in
communication, timely access to information, and data-driven feedback—mir-
roring preferences seen in UMCs. While planning strategies such as transparen-
cy, clarified responsibilities, and data use appear broadly relevant, successful im-
plementation depends on alignment with local factors like organizational size,
governance, and team structure.

Authors: L. Horenberg (1st), A.M. Schouten (1st), SM. Flipse, FW. Jansen, J.J. van den Dobbelsteen, E.Y. Sarton,
A.C. van der Eijk
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4.1 Introduction

Operating room (OR) planning strategies have been widely explored within the
field of operations research, with a strong emphasis on the use of computational
modeling (Cardoen et al., 2010; Schouten et al,, 2023). Still, such research has had
limited impact on improving OR scheduling in real-world hospital settings (Zhu
et al,, 2019): Harris & Claudio (2022) note an increasing trend of using real-life
data to test OR planning models, but studies focusing on the actual application
of these strategies in practice remain scarce. Additionally, Samudra et al. (2016)
highlight that many OR planning models are tailored to specific cases, limiting
their broader applicability. They argue that developing generalizable strategies
could enhance the implementation of research findings in hospital practice. To
support this, they recommend first gaining a comprehensive understanding of
how OR planning is currently conducted in hospitals, as a foundation for creating
models that are more widely applicable.

The Dutch healthcare system comprises three main types of hospitals: UMCs,
general hospitals and specialized hospitals (Kroneman et al,, 2016). UMCs are
large, publicly funded institutions affiliated with universities, responsible for de-
livering highly specialized care alongside education and research. They func-
tion as tertiary referral centers and cover a wide range of medical disciplines.
General hospitals provide a broad spectrum of secondary care and are typically
structured around partnerships of self-employed physicians. A separate category
within the general hospitals is the ‘Samenwerkende Topklinische Ziekenhuizen
(STZ), which are top clinical centers (TCC) that provide both regular referral care
and highly specialized care. Specialized hospitals —also known as focus clinics
or categorical hospitals—concentrate on specific areas of care, such as oncology
or orthopedics, and generally operate on a smaller scale. These hospital types
differ in funding models, organizational structure, patient case-mix, and scale. As
aresult, planning strategies developed within UMCs may not be directly transfer-
able to other hospital contexts.

Although previous research aimed at improving operating room processes in
UMCs often acknowledges that interventions may not be generalizable to other
hospital settings, it rarely examines the organizational factors that could influ-
ence this generalizability or hinder successful implementation—whether in oth-
er UMCs or different types of institutions (Chohan et al.,, 2022; Ellis et al., 2020;
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Kubala et al,, 2021; Schmitt et al., 2022; Singh et al,, 2023). A systematic review
by Pasquer et al. (2024) highlighted the limited research on how organizational
determinants affect operative performance more broadly. As a result, there re-
mains a gap in understanding which organizational factors should be consid-
ered when implementing OR planning strategies into everyday hospital practice.
Contributing to this effort, our previous study (Schouten et al., 2025) provided an
observational analysis of OR planning practices in the seven University Medi-
cal Centers (UMCs) in the Netherlands, which offered insights into planning in
academic hospital settings. In this study we provided an overview of operating
room planning practices within the UMCs in the Netherlands and offered recom-
mendations to enhance their planning strategies. However, due to structural and
organizational differences between UMCs and other types of hospitals, this per-
spective may present a one-sided view of OR planning within the broader Dutch
healthcare system.

The current study aims to investigate the OR planning practices in a TCC hos-
pital, to gain insight into how OR planning is organized in this organizational
context and to explore how these practices compare to those observed in Dutch
University Medical Centers. We replicate the study protocol from OPUS I in the
current study: OPUS II. We first describe the organizational structures of both the
UMCs and the selected case hospital. Next, we summarize OR planning strategies
commonly observed in UMCs. We then conduct a case study in which key stake-
holders involved in OR planning at the Top-clinical center are interviewed to con-
struct a detailed overview of their planning processes. This overview, along with
their planning priorities and optimization preferences, is subsequently compared
to the findings from OPUS I to assess alignment and contextual differences.

4.2 Method

To develop an overview of the organizational structure surrounding surgery plan-
ning, we collected and analyzed data on financial resources, physical capacity,
and patient case-mix characteristics of both the TCC and UMCs. Additionally, we
conducted seven stakeholder interviews at the TCC to map the surgery planning
process. This methodology was designed in line with the Consolidated Criteria
for Reporting Qualitative Research (COREQ) checklist (Tong et al., 2007).
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4.2.1 Study design
The study design for OPUS II consisted of three main components:

1. Organizational context analysis: We collected information on the organizational
structure of both the UMCs and the selected Top-clinical center. This includ-
ed financial and physical infrastructure aspects, as well as patient case-mix
characteristics. Data for the UMCs were gathered in consultation with an OR
manager representative, providing a high-level overview of typical structures
and practices across the seven UMCs.

2. Generalized OR planning process in UMCs: We constructed a generalized over-
view of OR planning in Dutch UMCs by continuing the analysis from OPUS
[. Planning process overviews developed for that study were compared, and
recurring actions observed in three or more hospitals were included in a con-
solidated overview. Each action was assigned to the actor most commonly
responsible for it, and the sequence of actions was determined accordingly.
The result is a representative model of OR planning in UMCs, serving as a
benchmark for comparison with the Top-clinical center.

3. Case study in a TCC hospital: A follow-up case study was conducted in a TCC
hospital to map its OR planning processes. This involved interviews with
eight key stakeholders involved in OR planning, aimed at gaining detailed
insights into their organizational structure, planning approach, priorities, and
preferences. The findings were then compared to the generalized UMC model
to identify similarities and contextual differences.

The interview approach replicates the methodology used in a previous study
(Schouten et al,, 2025) using an adaption of the Functional Resonance Analysis
Method (FRAM) model (Hollnagel, 2017) with the positioning framework of Hans
etal,, 2007. In this study, interviewees were selected from key stakeholder groups
involved in OR planning within the TCC hospital. They were asked to describe
their own actions, responsibilities, and interactions with colleagues throughout
the OR planning process. To support this, participants were guided by a blank
timeline-based template featuring stakeholder-specific swimming lanes, cover-
ing the planning period from one year before surgery up to the day of the proce-
dure. In addition to mapping the planning process, participants were asked to
reflect on current bottlenecks and suggest interventions they would prefer to see
implemented to improve the OR planning workflow.
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Case selection

The TCC hospital was selected based on the level of comparability with the UMCs
in terms of surgical diversity—including both inpatient and outpatient care, as
well as a mix of elective and emergency procedures—while operating under a dif-
ferent governance and funding structure. Unlike UMCs, it is not directly affiliated
with a university, its physicians are largely self-employed, and it is not desig-
nated as a level-one trauma center. These characteristics allow for a meaningful
comparison with UMCs while reflecting a distinct hospital type. Moreover, the
hospital serves as a representative example of top-clinical centers in the Nether-
lands, many of which share similar features: a strong regional function, a focus
on specific patient populations, and organizational models that emphasize oper-
ational efficiency over academic mandates. As such, this case provides valuable
insight into whether and how OR planning strategies from academic contexts
can be applied more broadly.

Participant selection

A total of eight stakeholders involved in the OR planning process were inter-
viewed for this study. Participants were selected based on their direct involve-
ment in shaping the OR planning outcomes or in coordinating the deployment
of OR personnel, including surgeons, anesthetic nurses, and operating room as-
sistants. Individuals responsible for planning related to intensive care unit (ICU)
staff, inpatient wards, outpatient clinics, or medical materials were excluded, as
their roles were considered peripheral to the core OR planning process under in-
vestigation. Participants were identified in collaboration with the hospital's OR
management and were contacted individually via email with an invitation to
participate in the study.

Interview protocol

The study was conducted at a TCC hospital in the Netherlands and included two
rounds of semi-structured interviews with key stakeholders involved in OR plan-
ning. The first round took place on-site at the hospital, with both researchers and
the interviewee present. During these sessions, participants engaged with a visu-
al planning overview and provided insights into their roles and responsibilities.
The second round of interviews was conducted remotely via Microsoft Teams
to allow for follow-up questions and refinement of earlier input. All participants
provided written informed consent. No audio recordings were made.
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Consistent with the approach used in the previous OPUS I study, data collection
in this follow-up study (OPUS II) consisted of three phases:

1. Initial interviews with open structure: 1n this phase, stakeholders were guided
through an open discussion of their involvement in OR planning using a
blank template featuring stakeholder-specific swimming lanes and a plan-
ning timeline. Unlike the previous study, where a hospital policy document
was used to construct an initial draft, no such document was used here due to
ongoing revisions that would have misrepresented actual practice.

2. Draft overview development and feedback: based on the first-round interviews,
a draft planning overview was constructed. This draft was then discussed
in the second round of interviews, during which participants reviewed the
proposed representation and suggested changes. These suggestions were in-
corporated into the revised version.

3. Final validation: The updated overview was sent to participants via email for a
final accuracy check.

Throughout the process, the first researcher documented participants’ input
directly on the overview template during the interviews, while the second re-
searcher took complementary field notes. These field notes were used to verify
the primary notes and to compile participant “wish lists” for improving OR plan-
ning.

4.2.2 Analysis and findings

To compare the number of actions by planning level and stakeholder, the over-
views of both the UMCs and the TCC hospital were digitized using Microsoft Excel
2024 (Microsoft Corp.). A general overview of the most common actions across
UMCs was then created. Actions from all UMCs were compiled into a single Excel
sheet, and overlapping actions were identified based on content. Actions appear-
ing in three or more UMCs were included in the general overview. Each action
was placed on the timeline according to the product it contributed to (e.g., the
annual blueprint) and its typical sequence. The stakeholder responsible for each
action was determined by frequency; in cases of a tie, the stakeholder most com-
monly reported to by the others was assigned. The TCC hospital was excluded
from the construction of this general UMC overview.
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Stakeholder suggestions for improving the OR planning process — referred to as
“wishes” — were gathered during the interviews and recorded in Microsoft Ex-
cel 2024. Each wish reflected a specific intervention or proposed change. Two
researchers independently reviewed and categorized the wishes. Initially, these
were matched to a predefined set of categories derived from themes emerging
during data collection. If a wish did not align with an existing category, a new
category was created through researcher consensus.

4.3 Results

This section presents the organizational context of the UMCs and the TCC hos-
pital, an overview of the interviewed stakeholders, and a description of the OR
planning processes.

4.3.1 Organizational Context: UMCs vs. the Top Clinical Center

UMCs differ from other hospital types, including TCC hospitals, in several key or-
ganizational aspects (Kroneman et al., 2016; RIVM, 2024). Table 1 compares these
dimensions, highlighting financial structures, physical infrastructure, and pa-
tient case-mix characteristics.

Financially, the TCC hospital derives 93% of its revenue from healthcare services,
compared to 68% in UMCs. UMCs receive a significantly larger portion of funding
from government contributions—23% versus only 4% in the TCC hospital. This
difference reflects the UMCs’ dual role in both healthcare delivery and academic
research and education. UMCs also access more diverse funding sources, with
8% coming from other programs, compared to 3% in the TCC hospital (Rathenau
Institute, 2022).In terms of infrastructure, UMCs operate on a larger scale. The
case hospital has 10 ORs, while UMCs range from 20 to 45 ORs per hospital. Bed
capacity also differs substantially: the TCC hospital has 475 beds, while UMCs
range from 532 to 1,125 beds. Notably, the TCC hospital does not have a dedicated
emergency OR, whereas UMCs typically allocate specific ORs and time slots for
emergency procedures (Interviews OPUS I).

The patient case-mix further illustrates these structural differences. UMCs pro-
vide a much higher proportion of highly specialized referral care—45.1% compared
to 21.5% in the TCC hospital. Conversely, the TCC hospital handles a larger share
of reqgular referral care (78.5%) than UMCs (54.9%). This aligns with the broad-
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er role UMCs play in managing complex cases and operating as tertiary referral
centers. Moreover, seven out of the ten level-one trauma centers in the Nether-
lands are located within UMCs, underlining their responsibility for high-acuity
emergency care.

Table 1 Organizational context of the UMCs vs. the TCC.

Organizational aspect TCC hospital UMCs Reference(s)

Financial aspects

% Revenue from health- 93% 68% Annual account

care services case hospital
(2020); Rathenau
Institute (2022

% Government contri- 4% 23% Annual account

butions (R&E) case hospital
(2020); Rathenau
Institute (2022

% Other funding pro- 3% 8% Annual account

grams case hospital
(2020); Rathenau
Institute (2022

Physical infrastructure

Number of ORs, incl. 10 20 - 45 Rathenau Insti-

day treatment ORs tute (2022)

Number of dedicated 0, With dedicated 0-2 Interviews OPUS

emergency ORs timeslots I (Schouten et al,
2025) and current
study

Number of Beds 475 532* - 1125 Rathenau Insti-
tute (2022)

Patient case-mix

% Highly specialized 21,5% 451% NZA (2022), using

referral care ROBIJN method
and DBC data

% Regular referral care  78,5%** 54,9% NZA (2022), using
ROBIJN method

and DBC data

* Data from 2017 due to missing 2019 figures for some UMCs.

** For comparison: General hospitals typically treat 80.3% regular referral care and 19.7% highly
specialized care, placing TCC hospitals closer to general hospitals than to UMCs. The ROBIJN
method used to determine case-mix is not 100% accurate (NZA, 2022).
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4.3.2 Overview of participants and their context in the hospital
Table 2 provides an overview of the stakeholders interviewed in this study, along

with the specific roles they performed in the OR planning process.

Table 2 Organizational context of the UMCs vs. the TCC.

Role in hospital Description

Operating Room Oversees the entire OR center.

manager

Medical Typically an anesthesiologist, responsible

coordinator for coordinating surgeries on the scheduled
day alongside the program coordinator.
Together, they manage emergency surgeries,
delays, and other issues. The medical coordi-
nator is accountable for medical decisions.

Program Usually an OR nurse who takes on this role

coordinator a few days a week. Works with the medical

coordinator to manage emergencies, delays,
and schedule gaps caused by staffing short-
ages.

Operating Room
team leader

Leads the team of OR nurses.

Planning office

Each medical specialty generally has its
own office responsible for scheduling pa-
tients. In some cases, one office may handle
scheduling for multiple specialties.

Medical specialist

Often, a lead medical specialist is responsi-
ble for overseeing the planning aspects for
their specialty.

Capacity center

Develops an annual budget cycle that in-
cludes financial, production, and capacity
planning. This cycle determines the patient
care to be provided by the hospital and the
required capacity.

Board of directors

Responsible for overseeing the organiza-
tion's overall strategic direction, ensuring
high standards of patient care, financial
stability, and regulatory compliance.

Senior planner/
Project leader

Responsible for the distribution budgeted
surgery hours across specific ORs and days.

Staff planner

Develops staff planning for OR nurses and
anesthesia nurses.
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In addition to differences in funding, infrastructure, and patient case-mix, the
TCC hospital also differs from UMCs in its internal organizational structure. In
the case hospital, the roles of program coordinator and OR staff planner are com-
bined and performed by a single individual, whereas these functions are typical-
ly separated in UMCs. Moreover, the hospital does not employ a senior planner;
instead, a project leader has been responsible for optimizing the OR planning
process and has developed the baseline OR blueprint for the coming years. The
organization of OR assistants also varies: in the TCC hospital, assistants are part
of dedicated teams and commonly work with the same surgeons, fostering stable
team dynamics. In contrast, UMCs organize their assistants into units based on
expertise, allowing for more flexible deployment across surgical teams. Final-
ly, while UMCs often assign an anesthesiologist to act as a medical coordinator
within the OR planning team, this role is absent in the TCC hospital. Instead, an
anesthesiologist is appointed to oversee the emergency OR schedule on a daily
basis.

4.3.3 Overview of OR Planning in the TCC hospital

This section outlines the OR planning structure of the TCC hospital and high-
lights key similarities and differences compared to typical UMC practices. A gen-
eral overview of the UMC strategies is provided in Appendix 4.1, with the TCC
overview in Appendix 4.2.

Strategic level

In the TCC hospital, the OR planning process begins with the finance depart-
ment—under the responsibility of the board of directors—negotiating with health
insurers to establish treatment volumes per Diagnosis and Treatment Code (DTC).
In parallel, medical departments define their own business strategies, which are
then discussed during portfolio meetings. Each DTC is linked to a pre-determined
surgical time. Based on these values, the capacity center calculates the total re-
quired OR hours per specialty. Unlike UMCs, where OR management typically
leads the blueprint development, the TCC hospital creates the OR blueprint—orga-
nized as a recurring four-week cycle—in tandem with budget planning. The cal-
culated hours and proposed blueprint are finalized in a budget approval meeting
in September, involving medical department representatives, the finance depart-
ment, and the board of directors.
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Tactical level

The strategic planning outcomes are further reviewed in monthly Strategic Plan-
ning Meetings (SPMs), where stakeholders including the board of directors, OR
management, the capacity center, care unit leaders, medical specialists, and fi-
nance managers discuss and align on capacity. Staffing availability is checked
during a separate roster meeting attended by an anesthesiologist, an OR assis-
tant, and an anesthetic nurse. This information feeds into the Tactical Planning
Meeting (TPM), where participants evaluate and, if necessary, adjust the blueprint
for the upcoming three months. Changes—such as reallocating flexible ORs—are
implemented by a planner from the admissions office and shared with depart-
ments in Excel format. At the tactical level, strategies varied among the UMCs,
with each institution adopting its own approach. The TCC hospital also employed
a distinct strateqgy, characterized by a structured and recurring tactical planning
cycle, which contrasts with the less standardized coordination typically seen at
the tactical level in UMCs.

Offline operational level

Medical departments distribute their allocated hours from the blueprint among
sub-specialties and coordinate internally with physicians and outpatient sched-
ules. They return this information to the admissions office, where a planner fi-
nalizes and enters it into the Electronic Health Record (EHR). From there, patient
scheduling proceeds based on waiting lists, typically involving collaboration be-
tween medical specialists and the OR day coordinator. In parallel, OR staff plan-
ners develop the duty roster for OR personnel. The day before surgery, the coor-
dinator finalizes the surgery order and confirms that all preoperative screenings
(POS) are completed. Weekly planning is evaluated during dedicated meetings
led by the planning office. Unlike in UMCs, no formal multidisciplinary meetings
were reported. However, bi-weekly planning meetings with the planning office
play a role in coordination.

Online operational level

Daily coordination in the TCC hospital is highly pragmatic. Surgeons consult
with each other and with the admissions office at fixed times during the day to
schedule emergency cases. When an emergency arises, the medical specialist
informs the anesthesiologist and OR day coordinator, who adjust the schedule
accordingly. Additionally, the OR schedule is reviewed daily for accuracy.
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The hospital proactively reserves designated emergency time slots. Some spe-
cialties maintain ‘white spots’—unfilled blocks used for potential emergency
cases. Once an elective patient is scheduled, it is uncommon for the case to be
rescheduled, contrasting with more dynamic adjustments seen in UMC settings.

4.3.4 Differences in OR planning between UMCs and the TCC

Figure 1 presents the number of actions observed at each planning level across
the participating hospitals. The TCC hospital (“Case”) shows a distinct distribu-
tion of planning activities: 10 actions at the strategic level, 2 at the tactical level,
4 at the offline operational level, and 6 at the online operational level. While the
number of strategic actions aligns closely with many UMCs (e.g., Hospitals 4 and
8 also score 10), the TCC hospital performs fewer tactical and offline operational
actions than most. For example, Hospitals 2 and 4 each perform 7 actions at the
tactical level, and Hospital 3 performs 9 at the offline operational level—substan-
tially more than the 2 and 4 actions observed respectively in the TCC hospital.

NUMBER OF ACTIONS PER PLANNING LEVEL

m Strategic level m Tactical level m Offline operational level Online operational level
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HOSPITALS

Figure 1 Distribution of OR planning actions across organizational levels in UMCs and the
TCC hospital.
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Unlike some UMCs, such as Hospital 4, which offsets fewer operational actions
(8) with a high number of tactical actions (7), the TCC hospital does not show this
type of balancing across planning levels. Instead, its activity is concentrated at
the strategic and online operational levels, with limited involvement in the in-
termediate planning layers. This suggests a top-down, streamlined planning ap-
proach in the TCC hospital, possibly reflecting a more centralized structure with
fewer layers of coordination. While this may support efficiency and rapid deci-
sion-making, it could also limit flexibility and adaptability in day-to-day sched-
uling compared to the more distributed processes seen in UMCs.

Figure 2 displays the number of actions performed per stakeholder across hospi-
tals. In the TCC hospital (“Case”), the planning office (5 actions), medical special-
ists (5), and the capacity center (4) take on a prominent share of responsibilities
in the OR planning process.

NUMBER OF ACTIONS PER STAKEHOLDER

4 5 6 7 8 9
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Management OR
Senior planner
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OR staff planners

OR team leaders
Planning office

Medical coordinator

Program coordinator

Wr W"M

Function department

mUMCl mUMC2 mUMC3 mUMC4 mUMC5 mUMC6 mUMCS8 UMC8 mCase

Figure 2 Number of Actions per stakeholder in UMCs and the TCC hospital.
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The capacity center appears to assume tasks that in many UMCs would be per-
formed by a senior planner—a role that is entirely absent in the TCC hospital (0
actions). In contrast to several UMCs where the program coordinator plays a sub-
stantial role—such as Hospital 2 (8 actions) and Hospital 3 (7 actions)—the TCC
hospital’s program coordinator is involved to a lesser extent (2 actions), and pri-
marily in a consultative capacity. Similarly, the medical coordinator performs
only 1 action in the TCC hospital, with limited involvement compared to, for ex-
ample, Hospital 5 (4 actions) and Hospital 8 (3 actions).

SHARED AND UNIQUE PLANNING ACTIONS

m Shared actions  mUnique actions

100%
2
90% 5 4 4
7 7 5
8
80% 9
70%
60%
50%
21
40% 19 18
20 20 20 15
30% = 15
20%
10%
0%

UMC 1 UMC 2 UMC 3 UMC 4 UMC 5 UMC 6 uMmcC 7 UMC 8 CASE

Figure 3 Proportion of shared (orange) and unique (blue) planning actions per hospital. Actions
were defined as shared when they were reported by at least three UMCs. Bars are normalized
to 100% to highlight differences in relative shares across the eight UMCs and the case hospital

(TCC).



OPUS1I 131

Most actions at the offline operational level are concentrated within the planning
office in the TCC hospital. The OR staff planners contribute to 2 actions, whereas
In many UMCs this role is minimal or absent altogether. Meanwhile, OR team
leaders are not actively involved in the case hospital, although they perform up to
5 actions in other hospitals (e.g., Hospital 4). Overall, this distribution highlights a
more centralized approach in the TCC hospital, with greater reliance on a few key
roles—particularly the planning office and capacity center—and fewer distributed
responsibilities across planning stakeholders compared to UMCs.

Figure 3 compares the proportion of shared versus unique planning actions
across the eight UMCs and the TCC case hospital. Actions were defined as shared
when they were reported by at least three UMCs. The stacked bars are normal-
ized to 100%, allowing direct comparison of relative shares between hospitals.
UMC 5 shows the highest proportion of shared actions—90.5% of its actions are
shared (21 shared, 2 unique)—followed by UMC 6 (82.6%, 19 shared, 4 unique). UMC
7 has the lowest proportion of shared actions at 62.5% (15 shared, 9 unique). The
case hospital reports a total of 20 actions, of which 75% (15 actions) are shared
and 5 are unique. While the case hospital’s total number of actions (20) is slightly
lower than that of most UMCs (22—-27 actions), its relative proportion of shared
actions is comparable to the UMCs (75% vs 62,5—90,5%). No clear pattern emerges
that links the proportion of shared actions to hospital size, region, or workflow
style; the variation appears mainly related to differences in the total number of
actions recorded in each hospital.

Out of the 27 unique planning actions identified across all hospitals, 11 are shared
by six or more UMCs, indicating a high degree of consistency for these tasks.
The TCC hospital performs all 11 of these most common actions, though with one
structural difference: the action “Develop decentral weekly planning” is central-
ized in the TCC hospital rather than handled by individual departments. These
frequently shared actions are most often situated at the strategic level (5 actions),
followed by the online operational level (3), and the offline operational level (2).
The tactical level contains no actions that are shared by three or more UMCs,
reinforcing earlier findings that tactical-level planning is the least standardized
and involves the fewest distinct actions across hospitals.
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4.3.5 Stakeholder preferences for improving OR planning

During the interviews, stakeholders from the TCC hospital shared a range of pref-
erences and ideas for improving the surgery planning process. These suggestions
reflect both strategic and operational considerations and highlight opportunities
to optimize coordination, timing, and the use of data within the hospital’'s current
planning structure.

A recurring theme was the ongoing revision of the OR planning process, which
was actively underway at the time of the interviews. The project leader had al-
ready implemented changes up to the integration of the OR blueprint, and stake-
holders expressed the wish to further evolve this process. A key preference was
to assign blueprint construction to the planning office, clarifying responsibilities
and streamlining the process. The next intended phase of the revision will fo-
cus on optimizing planning activities at the operational level. Many stakeholders
emphasized the importance of data-driven feedback loops. One interviewee pro-
posed the development of a dashboard with key performance indicators (KPIs),
such as metrics on the timeliness of surgeries. Another participant supported
this idea and recommended integrating such feedback into the Tactical Planning
Meetings to inform forward-looking decisions.

Improving communication and coordination protocols across departments also
emerged as a priority. Stakeholders expressed a need for clear procedural rules
outlining: (1) how and when patients should be entered into the Electronic Health
Record, (2) how changes to the OR schedule should be communicated at the online
operational level, and (3) how emergency cases should be managed. In particular,
they suggested that surgeons coordinate among themselves regarding emergen-
cy surgeries to reduce the burden on OR staff and avoid last-minute disruptions.
Another area of concern was the timing of information availability. Stakeholders
identified three specific improvements: gaining earlier access to surgeon rosters,
incorporating multi-year planning into strategic discussions, and increasing the
number of designated emergency timeslots from four to five to reduce interfer-
ence with elective scheduling.

Finally, interviewees expressed satisfaction with the hospital’s decision to return
to the practice of developing the OR blueprint before scheduling staff, a sequence
that had been temporarily reversed during the COVID-19 pandemic.



OPUS1I 133

This approach was perceived to enhance production efficiency and provide great-
er flexibility in workforce planning, by allowing staffing decisions to be based on
a clear projection of surgical demand.

4.4 Discussion

This study aimed to assess the adaptability of OR planning strategies previously
identified in Dutch UMCs by applying the same study framework to a hospital
with a different organizational structure. Using the OPUS I protocol, we conduct-
ed a case study in a TCC hospital to examine how organizational context influ-
ences OR planning. The findings show that while many of the same planning
steps and roles are present, differences in hospital scale, structure, and team con-
figuration affect how these activities are organized and carried out.

Organizational structure

The TCC hospital operates with a centralized OR planning model, contrasting
with the departmentally decentralized approach typically found in UMCs. This
centralization is enabled by the hospital’'s smaller scale—10 operating rooms com-
pared to 20—45 in UMCs—and more consistent team assignments for OR nurses.
In this hospital, OR staff are scheduled in dedicated surgical teams associated
with specific ORs, allowing staff rosters to be finalized earlier. Such a model is
less feasible in UMCs due to their broader case-mix and the need for staff to rotate
across specialties.

Comparison of OR planning processes

The overall structure of the OR planning process in the TCC hospital largely mir-
rors that of UMCs, but several differences were observed across planning levels.
At the tactical level, the TCC hospital incorporates available staff capacity early
when assessing the feasibility of the OR blueprint. The central planning office
(admissions office) plays a key role in coordinating adjustments across depart-
ments—an approach not commonly seen in UMCs, where planning is typically
managed within individual medical departments. At the offline operational level,
the planning office assumes a prominent role and takes on responsibilities that
would usually be handled by program coordinators in UMCs. This centralization
reduces the need for weekly multidisciplinary meetings and is instead supported
by bi-weekly planning discussions. At the online operational level, emergency



134 OPUSII

surgeries are scheduled using designated time slots rather than fully dedicated
emergency ORs. Once elective surgeries are scheduled, it is uncommon for them
to be rescheduled in response to emergencies, in contrast to the more flexible
approach often seen in UMCs. In both hospital types, data is primarily used to
estimate the duration of surgical procedures, typically by averaging recent cases
performed by the same surgeon. However, broader integration of data-driven de-
cision-making into planning processes remains in development in both settings.

Stakeholder preferences

Stakeholders in the TCC hospital shared improvement preferences that aligned
with those found in UMCs in OPUS I. These included the desire for better da-
ta-driven feedback, clearer planning protocols, and improved timing of informa-
tion availability. The fact that these themes arose in both decentralized and cen-
tralized settings highlights their relevance across a variety of hospital types.

However, one area of divergence emerged: stakeholders in the TCC hospital pre-
ferred to complete the blueprint before scheduling staff, citing stability in staffing
levels as a supporting factor. In UMCs, where staff shortages are more prevalent,
stakeholders preferred to prioritize staff availability earlier in the planning pro-
cess.

Generalizability of findings

While the OR planning process in the TCC hospital differs from that of UMCs in
terms of structure, scale, and role distribution, many of the underlying challenges
and goals remain consistent. Themes such as improving transparency, optimiz-
ing timing, and strengthening interdisciplinary communication were raised by
stakeholders in both contexts. This suggests that several of the strategic recom-
mendations developed in OPUS I are not limited to academic settings but can be
meaningfully applied in other hospital types—provided they are adapted to the
local context.

In OPUS I, we emphasized the importance of enhancing process transparency
through data use, establishing planning policies, and introducing automation
only after workflows are clearly understood. In the TCC hospital, these strategies
remain relevant but require a tailored approach.
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For example, leveraging data for feedback loops—such as dashboards showing
surgical timeliness—could be directly embedded into tactical planning meet-
ings, supporting the hospital’s already centralized coordination model. Similarly,
while automation of planning tasks may offer long-term efficiencies, stakehold-
ers in the TCC hospital stressed that such solutions should build on their current
manual planning structure, and not replace the personal communication that
facilitates quick coordination in a smaller-scale setting.

The call for clear, written planning policies also resonates strongly in this con-
text. Despite having a centralized planning office, the TCC hospital still faces
challenges in ensuring that all departments follow consistent rules for submit-
ting surgical cases and responding to emergency changes. Documenting these
processes could help align expectations across departments and reduce ad-hoc
negotiation, especially as the hospital continues revising its planning system.

Limitations

This study shares several limitations with OPUS I. First, it is based on stakehold-
er-reported information, which may reflect individual perspectives and incom-
plete knowledge. Second, the study focuses on OR-related roles and excludes
other departments such as material supply or ward staffing. Third, the planning
process described represents a snapshot in time, during a period of ongoing pro-
cess revision.

Furthermore, while OPUS I included all seven Dutch UMCs, this follow-up study
focused on a single TCC hospital. As such, the findings cannot be assumed to
represent all specialized or general hospitals in the Netherlands. Additional case
studies are needed to build a broader understanding of OR planning across vari-
ous hospital types.

4.5 Conclusion

This study examined OR planning in a Top Clinical Center (TCC) to explore how
planning is organized in this context and how it compares to UMCs. By applying
the OPUS I framework to a TCC hospital, we found that while the overall structure
of the OR planning process is comparable, there are important differences in how
planning roles are distributed, how coordination is managed, and how flexibility
i1s operationalized across planning levels. The TCC hospital's centralized plan-
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ning model, smaller scale, and the usage of dedicated surgical teams allow for
different planning choices—such as developing the OR blueprint before assigning
staff and reserving fixed emergency time slots instead of maintaining fully ded-
icated emergency ORs.

Despite these contextual differences, the hospital shares many of the same core
planning activities with UMCs. Stakeholders in both settings also emphasized
similar priorities for improvement, including clearer communication, more time-
ly availability of information, and stronger use of operational data. While the
results stem from a single case, they suggest that some of the planning strat-
egles explored in UMCs—such as improving transparency, clarifying planning
responsibilities, and introducing data-driven feedback—may also hold value in
other hospital contexts. However, successful implementation depends on careful
alignment with local organizational characteristics, including size, governance
model, and team structure.

In conclusion, the strategic direction outlined in OPUS I appears relevant beyond
the academic hospital context, but further research is needed to confirm its ap-
plicability more broadly. Future studies involving a more diverse range of spe-
cialized and general hospitals will help refine these insights and support the de-
velopment of adaptable tools and policies for improving OR planning across the
Dutch healthcare system.
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Operation Hospital

A Serious Game to Raise Awareness among Future Patients
about Day-of-Surgery Cancellations

Same-day surgery cancellations, often due to non-medical factors like schedul-
ing conflicts and staff shortages, impact operating room efficiency, patient sat-
isfaction, and staff morale. Traditional patient education rarely addresses these
systemic issues, contributing to patient anxiety and misunderstanding. This
study evaluated the effectiveness of a serious game in raising awareness about
surgery cancellations and fostering empathy for healthcare providers, compared
to a standard preoperative brochure. In a quasi-experimental design, an interven-
tion group (n=9) played a board game simulating hospital resource management,
while a control group (n=9) read the brochure. Pre- and post-intervention ques-
tionnaires assessed understanding, empathy, and anticipated anxiety. Post-in-
tervention, 100% of the game group reported improved understanding versus 45%
in the control group; empathy also increased more notably in the game group.
Both groups reported moderate anxiety, though extreme anxiety was only seen
in the control group. Most participants believed that knowing the reason for a
cancellation would reduce anxiety, with this view more consistent in the inter-
vention group. The game, while not a replacement for medical education, offers
a valuable complement, helping patients better understand systemic healthcare
challenges and manage expectations.

This chapter is under review as:
AM. Schouten, E. Kalmar, J.J. van den Dobbelsteen, A.C. van der Eijk, FW. Jansen, S.M. Flipse. A Serious Game
to Raise Awareness among Future Patients about Day-of-Surgery Cancellations
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5.1 Introduction

Surgery cancellations remain a persistent challenge in preoperative care, with
rates varying widely across healthcare systems and regions. In developed coun-
tries, same-day elective surgery cancellation rates typically range from 0.37%
to 28%, while in developing countries, these rates can be significantly higher—
between 11% and 44% (Bharti et al, 2023). In the Netherlands, where this study
was conducted, reported last-minute cancellation rates range from 14.3% to 20%.
Notably, around 70% of these cancellations are attributed to scheduling conflicts
rather than medical reasons (Scheenstra et al.,, 2021; Schretlen et al,, 2021). Despite
efforts to address this issue, cancellations on the day of surgery continue to be
a significant concern in many medical centers. These cancellations negative-
ly impact operating room (OR) efficiency, patient satisfaction, and the morale of
medical teams (Armoeyan et al., 2021). Common reasons for surgery cancella-
tions include a lack of available beds and insufficient OR time (Koh et al,, 2021).
Both the lack of beds and OR availability is often linked to staff shortages, which
are closely associated with reduced patient satisfaction regarding physician and
nursing care (Winter et al,, 2020). Physicians have expressed the emotional diffi-
culty of informing patients about surgery cancellations. Patients often react with
anxiety, frustration, or anger, and explaining the reasons for the cancellation can
be challenging for physicians (Viftrup et al., 2021).

To raise awareness among potential future patients about the likelihood and
causes of day-of-surgery cancellations, we developed a serious game. In this
board game, players step into the role of a physician tasked with guiding their
patients through the nursing ward, operating room, and recovery ward. Along
the way, players face challenges such as staff shortages, emergency cases, and
competing demands from other players who also need beds for their patients.
These challenges make it inevitable that players will occasionally need to cancel
and reschedule a patient’s surgery.

5.2 Background

Serious games have gained recognition as an effective educational tool across
a range of disciplines (Zeng et al., 2020). Studies have highlighted healthcare as
a key area for the application of educational serious games (Damasevicius et al.,
2023). Unlike traditional teaching methods, serious games in healthcare stand
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out because they offer a risk-free environment where individuals can practice
high-stakes tasks and navigate unpredictable scenarios. These benefits have
driven the rapid growth and innovation of health-focused educational games
(Sharifzadeh et al., 2020).

In a systematic review, Sharifzadeh et al. (2020) found that most studies on seri-
ous healthcare games focused on improving knowledge, with a smaller portion
aimed at skill development. The studies targeted various user groups, including
healthcare providers, patients, public users, and mixed audiences. Among games
designed for patients, only a small fraction addressed specific diseases, while the
majority focused on broader topics like lifestyle behaviors, social interactions,
cognition, and general health issues such as safety and nutrition.

5.2.1 Related work

An example of a serious healthcare game focused on patient expectation man-
agement was developed by Ingadottir et al. (2017). They developed a game focused
on managing patient expectations about postoperative pain. The game simulates
a real-life scenario where the player’s avatar has returned home after surgery. By
making decisions about daily activities, such as using pain medication, complet-
ing household tasks, or resting, players see how their choices impact the avatar’s
recovery. An example of a game focused on planning and the management of
a medical department was developed by Zhang et al. (2020), who developed a
serious game focused on logistics management in pediatric emergency medi-
cine. The game used a multi-method simulation to model complex healthcare
processes, incorporating game mechanics designed to enhance understanding
of emergency department logistics.

5.2.2 Theories and game mechanics

Aster et al. (2024) conducted a systematic review on the theories and teaching
effectiveness of serious games in healthcare. They highlighted examples in
which Self-Determination Theory (Deci & Ryan, 1985) guided both game devel-
opment and the selection of specific design elements. For example, competence
was addressed by allowing participants to build on prior knowledge and access
additional resources during gameplay. Minimal rules supported autonomy, while
team-based collaboration fulfilled the need for relatedness.
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The review also identified the use of Narrative Engagement (Miller-Day & Hecht,
2013) and Analogical Reasoning theories (Idson et al, 2004). Narrative engage-
ment supported the integration of storylines to enhance decision-making skills,
enabling medical students to transfer competencies to related scenarios. Ana-
logical reasoning emphasized the effectiveness of structured case comparisons
in teaching decision-making principles and inspired the puzzle-based design of
some games.

5.2.3 Contribution of this study

Most serious healthcare games in the literature focus on training healthcare
professionals or educating patients about their medical conditions or lifestyles.
However, this study targets everyday individuals who may undergo surgery in
the future. To promote expectation management and empathy for physicians,
players assume a role that combines elements of a physician and an operating
room manager. In this paper, we describe the development of the game, guided by
Verschueren et al’s (2019) framework for creating theory-driven, evidence-based
serious games for health, and evaluate its efficacy through questionnaires.

5.3 Game design

This section will outline the scientific foundations, the design foundations, game
design and the validation of the game design, following the framework proposed
by Verschueren et al.

5.3.1 Scientific foundations

The target audience for this game consists of everyday individuals, including po-
tential future patients, who may undergo surgery at some point in their lives.
The game is designed to be accessible in non-clinical settings, such as homes,
schools, or public awareness events. It aims to provide an engaging and educa-
tional experience in a casual format, making it suitable for players without prior
medical knowledge. The gameplay mirrors real-world hospital challenges, offer-
ing players a chance to understand the logistical and ethical dilemmas faced by
healthcare providers.
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Outcome objectives

The primary objective of the game is to increase awareness among potential fu-
ture patients about the causes and impacts of day-of-surgery cancellations. This
includes helping players understand the logistical challenges, such as staff short-
ages and resource allocation, that influence surgical planning and decision-mak-
ing in hospitals. The secondary objective is to foster empathy for healthcare
providers by allowing players to experience the complex, high-pressure deci-
sion-making processes involved in balancing the needs of multiple patients. By
stepping into the role of a physician and operating room manadger, players gain
insight into the ethical and emotional challenges healthcare professionals face.
The tertiary objective is to reduce stress and anxiety for patients when their sur-
gery is canceled or rescheduled. By providing a simulated experience of hospital
decision-making, the game helps players better understand the systemic factors
behind cancellations and delays, enabling them to approach such situations with
greater patience and perspective.

Theoretical basis

The game is built on the hypothesis that interactive, role-playing experiences can
improve awareness and empathy in players. By immersing players in the deci-
sion-making processes of surgical planning, the game aims to influence their un-
derstanding of hospital operations while reducing their stress and anxiety about
surgery cancellations. The game draws on Self-Determination Theory (SDT) to
address autonomy, competence, and relatedness in the player experience. By
giving players control over decisions, the game fulfills their need for autonomy,
while challenging tasks and learning opportunities enhance feelings of compe-
tence. Interactions with other players or simulated characters foster relatedness.
The Experiential Learning Theory (Kolb et al.,, 2001) allows for learning through
experience, reflection, and decision-making. Additionally, Cognitive Behavior-
al Theory (CBT) (Beck, 1963) underpins the game's goal of reducing anxiety by
exposing players to challenging scenarios in a safe, controlled environment. To
ensure the game’s logistics were structured realistically, we applied the position-
ing framework of Hans et al. (2007). This framework outlines different planning
levels in surgical scheduling: strategic planning (long-term decisions like capac-
ity dimensioning and resource allocation), tactical planning (medium-term de-
cisions such as scheduling and resource allocation), and operational planning,
divided into offline (week-to-week) and online (day-to-day) decision-making.
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Tool evaluation

The evaluation of the serious game involves a structured approach to assess its
efficacy in achieving the outlined objectives. This includes pre- and post-game
questionnaires to measure changes in awareness, empathy, and anxiety levels.
The study employs a quasi-experimental design featuring two groups: an inter-
vention group that plays the game and a comparison group that receives tra-
ditional educational material about surgery cancellations. For the comparison
condition, an official brochure from a Dutch hospital — typically provided to pa-
tients as part of their pre-surgery briefing — was translated into English while
preserving its original layout (Appendix 5.1). Both the intervention and compari-
son groups are assessed before and after the intervention to evaluate the game’s
impact in relation to conventional educational methods.

Protocol:

1. Recruitment: participants are recruited from the general population, fo-
cusing on adult individuals. Recruitment criteria include a minimal age
of 18 years old.

2. Pre-intervention assessment: both groups complete a baseline question-
naire measuring their awareness of surgery cancellations, empathy for
healthcare providers, and anxiety related to surgical uncertainty.

3. Intervention: the intervention group plays the serious game, while the
comparison group reviews traditional educational materials. Each ses-
sion is conducted in a controlled environment to minimize external in-
fluences.

4. Post-intervention assessment: both groups complete a post-game question-
naire to assess changes in awareness, empathy, and anxiety:.

5. Analysis: data is analyzed to compare pre- and post-intervention scores
within and between groups.

5.3.2 Design foundations
To outline the design foundations, theory-mechanics mapping and design re-
quirements are discussed.
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Theory-mechanics mapping

This section translates theoretical elements into game mechanics, aligning the
game’s design with its educational and emotional goals. Self-Determination The-
ory (SDT) is applied through autonomy, competence, and relatedness.

Players control decisions, such as patient movement, task prioritization, and re-
source allocation, within flexible rules that encourage strategy experimentation.
Task-based mechanics challenge players to manage waiting times, operating
times, and recovery, reinforcing skills and a sense of accomplishment. Collabo-
ration on the hospital mission and competition for the surgeon mission balance
teamwork and individual goals.

Cognitive Behavioral Theory (CBT) integrates unpredictable challenges through
action and emergency cards, simulating issues like staff shortages and emer-
gency patients in a controlled environment. These scenarios reduce stress, build
confidence, and encourage players to reframe surgery cancellations and delays,
fostering empathy for healthcare providers. Narrative Engagement Theory im-
merses players in the roles of surgeons managing patient care and hospital re-
sources. Mission cards drive the narrative with realistic goals, such as complet-
Ing surgeries or minimizing penalties.

The Positioning Framework of Hans et al. (2007) organizes mechanics into stra-
tegic, tactical, and operational levels. At the strategic level, hospital and surgeon
missions reflect long-term goals like resource efficiency and individual perfor-
mance. The tactical level involves patient prioritization and allocation, simulat-
ing scheduling and medium-term planning. Operationally, players guide patients
through phases, managing immediate decisions like staff reassignment and re-
source shortages, reflecting day-to-day hospital problem-solving.

Design requirements

The serious game is designed to simulate the context of hospital operations, fo-
cusing on the nursing ward, operating room, and recovery. It incorporates re-
al-world challenges such as staff shortages, patient prioritization, and emergen-
cy cases while simplifying processes to ensure accessibility for non-medical
players. Realism is balanced with playability by including relatable scenarios and
realistic patient descriptions, intuitive mechanics, and clear instructions. Players
take on a hybrid role as surgeon and OR manager, making decisions at strategic,
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tactical, and operational levels. The game targets everyday individuals, including
potential future patients, with varying levels of familiarity with healthcare sys-
tems, ensuring inclusivity through straightforward rules, visual aids, and adjust-
able difficulty levels.

5.3.3 Game development

This game is designed for 2-4 players aged 12 and up. Players assume the role of
surgeons from different specialties, including neurosurgery, orthopedics, general
surgery, thoracic surgery, cardiac surgery, and gynecology. Each player manages
their specialty’s patient waiting list, aiming to complete surgeries while adher-
ing to hospital-wide goals. The objective is to collaboratively fulfill the Hospital
Mission while individually competing to earn the most points. Failure to meet
the hospital mission (e.g., more than three patient deaths or hospital bankruptcy)
results in all players losing.

At the start of the game, players collaboratively draw Hospital Mission Cards (Fig-
ure 1), which specify objectives such as completing a set number of transplants,
robotic surgeries, or C-sections. Each player is also responsible for fulfilling their
personal Surgeon Mission, earning points by successfully operating on and dis-
charging patients from their waiting list. Points vary by patient complexity, with
more difficult procedures (e.g., robotic surgeries, transplants) offering higher re-
wards.

Players start with a deck of patient cards representing their specialty and draw
five cards to form their passive waiting list. Each round, players can transfer pa-
tients to their active waiting list, where waiting times begin to accumulate. Pas-
sive lists must remain below 10 patients to avoid penalties. Patients must progress
through the nursing ward, operating room (OR), and recovery to be discharged.
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HOSPITAL MISSION | HOSPITAL MISSION

As part of the deal with the As part of the deal with the
health insurance company, all health insurance company, all
players must work together to players must work together to
complete at least: complete at least:
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Figure 1 Example of two Hospital Mission cards. To achieve the left mission card, at least two ro-

bot surgeries must be completed. To achieve the right mission card, at least two transplants and/

or C-sections must be completed. At the start of the game, players receive a total of six (two plus
four) coins to complete this Hospital Mission.
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The game board represents a hospital with five nursing ward beds, five ORs, and
five recovery beds:
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Patients and staff are represented by tokens that players move between hospital
sections. Each patient’s progress is tracked using time bars (waiting time, operat-

ing time, recovery time) on their patient card (Figure 3).

< PATIENT 3

Leo, 47, fractured his wrist in a biking
accident. The bone didn’t heal correctly,
so he needs an open reduction and
internal fixation to realign the bone and
secure it with a plate and screws.

Waiting time

LI T
LR

Figure 3 Patient card (left) of an orthopedic patient and its corresponding token (right). Patient

cards lie in front of the player and are used to track waiting-, operating-, and recovery times. The

tokens are moved from bed to bed to track the position of the patient in the hospital.
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Each day consists of 10 rounds (8 regular hours and 2 overtime hours) (Figure 4).

9|10

OR recovery draw

DAY START

ward

OVERTIME

Figure 4 The clock, which marks a full working day with a day start and ten rounds. The rounds

are tracked by moving a block a step to the right once a round was finished.

Overtime requires players to pay for extra staffing. Unfinished surgeries at the
end of the day result in penalties. The day starts with:

Team Day Start Card: Determines the day’s staffing levels (nurses, OR nurses,
anesthesia nurses). Players collectively assign staff to available beds and ORs.
Emergency Day Start Card: Adds emergency patients to the nursing ward, re-
quiring immediate admission. Players must move or hire staff to accommo-
date these patients.

During each round, players follow a structured sequence:

A L b=

Draw and execute an Action Card (e.g., emergencies, resource challenges).
Recovery Phase: Discharge patients or progress recovery blocks.

Operating Phase: Transfer patients to recovery or progress operating blocks.
Nursing Phase: Transfer patients to the OR or progress waiting blocks.

Active Waiting Lists: Admit patients to the nursing ward or progress their wait-
ing blocks.

End-of-Round Decisions: Players can hire staff or transfer patients from passive
to active waiting lists.
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Patients move through the nursing ward, OR, and recovery phases based on re-
source availability and time requirements:

Waiting Time: Increases each round a patient remains in the nursing ward or
waiting list. Excessive waiting adds red blocks to the operating time bar, pro-
longing surgery:.

Operating Time: Progresses while patients are in the OR. Delays due to resource
shortages (e.g., lack of OR nurses or anesthesia nurses) add red blocks.
Recovery Time: Progresses in recovery beds. Patients who occupy beds too long
do not die but block resources unnecessarily.

Transplants: Both the patient and donor require simultaneous OR availability,
but only the patient needs nursing and recovery beds (Figure 5, left).
C-Sections: The mother requires an OR, and after surgery, both mother and
baby need recovery beds (Figure 5, middle).

Robotic Surgeries: Can only be performed in OR5, which houses the robot, and

typically require longer operating times (Figure 5, right).

~PATIENT 11

Noah, 43, suffers from severe kidney
failure and requires a kidney transplant
to avoid lifelong dialysis.

Waiting time

L e

UL T e

1 2 3 4

Recovery time

UL EL M

%)PATIENT 11

Laura, 27, is preparing for a planned C-
section after a previous emergency
surgery. Her doctors believe this is the
safest route for delivering her second
child.

Waiting time

LT T8

2 3 4

Operating time

)

1 2 3 4

Recovery time

T O 7

4
740

&s PATIENT 7

Ethan, 50, has been diagnosed with
atrial fibrillation that hasn’t responded
to medication. He is scheduled for
robotic-assisted cardiac ablation to
correct the irregular heartbeat.

Waiting time

)

1 8 3 4

Operating time

_LLLI T8

1 2 3 4

Recovery time

LI v

Figure 5 Transplant patient card (left), C-section patient card (middle) and Robotic surgery pa-

tient card (right).
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Players receive penalties for:

1. Sending patients home without surgery:.
2. Returning patients from the OR to the nursing ward with unfinished surgery.
3. Allowing patients to die due to excessive waiting or operating time.

At the end of each day, unfinished surgeries must stop, and affected patients are
sent back to the nursing ward with their time bars reset. Players collaboratively
plan staffing for the next day and draw new patients to their passive waiting lists.
The game ends when all hospital mission objectives are fulfilled, and players cal-
culate their final scores, subtracting penalties.

To win, players must collectively fulfill the Hospital Mission while competing
for the highest individual score. Failure occurs if more than three patients die or
if the hospital goes bankrupt. The player with the most points after subtracting
penalties wins. Appendix 5.2 shows an overview of a game play scenario.
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5.3.4 Validation
Awareness will be measured using pre- and post-game questionnaires with mul-
tiple-choice and Likert-scale items to assess participants’ understanding of the
causes and impacts of day-of-surgery cancellations, with a key question being,
“What are common reasons for day-of-surgery cancellations?”

Empathy for healthcare providers will be evaluated through pre- and post-game
questionnaires to measure changes in participants’ understanding of the chal-
lenges faced by surgeons, with a central question, “How difficult do you think it is for
surgeons to manage surgery cancellations and resource shortages?” Anxiety reduction
will be assessed using pre- and post-game questionnaires, specifically the State-
Trait Anxiety Inventory (STAI) (Spielberger, 1983), with a main question asking,
“How anxious would you feel if your surgery were canceled or postponed?” If participants
who played the game show higher scores in awareness and empathy, and lower
scores in anxiety compared to the control group, this will be considered a positive
validation of the game.

5.4 Results

The control group consisted of nine participants aged between 25 and 35. The
intervention group also included nine participants, divided into three subgroups
of three. Each group played the game for 30 minutes. Participants in the inter-
vention group were likewise aged between 25 and 35. To ensure consistency, the
action and patient cards were presented in the same order for each session. The
study took place at the Technical University of Delft between March and April
2025.

5.4.1 The game sessions

In the first intervention session, no players received penalties, and the group en-
countered one emergency patient. They progressed through five rounds within
the 30-minute timeframe, successfully completing one patient (fully recovered
and discharged). They performed two robotic surgeries and one cesarean section.
This group demonstrated strong collaboration and were willing to grant each
other favors. The second group also received no penalties and completed five
rounds. They operated on one emergency patient and successfully recovered and
discharged both a robotic surgery and a cesarean section. This session was more
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competitive than the first, and one participant did not operate on any patients.
The third group also incurred no penalties. They performed two transplants and
one cesarean section but did not fully complete any patients. This group was nei-
ther particularly competitive nor highly collaborative.

5.4.2 Questionnaire outcomes

In this section the results of the questionnaire on the topics awareness, empathy
and anxiety are presented for both the control group and the intervention group.
For the full questionnaire, see Appendix 5.3.

Awareness

Figure 6 presents the results of Question 1 from the questionnaire, in which par-
ticipants were asked how likely they thought it was that a surgery would be can-
celled. Most participants in the control group acknowledged the possibility of
cancellations, although the brochure slightly shifted perceptions toward seeing
them asless likely. Most participants in the intervention group saw cancellations
as a realistic possibility, but the game shifted perceptions more strongly toward
viewing cancellations as highly likely.

Perception of likeliness surgery cancelation

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Pre

Control

Post

Pre

Intervention

Post

mNot atalllikely mUnlikely mLikely mVerylikely mldonotknow

Figure 6 Perceived likelihood of surgery cancellation in the control and intervention groups. “Pre”
refers to responses collected before the intervention (reading the brochure or playing the game),
and “Post” refers to responses collected afterward.
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Figure 7 presents the results of Question 2 from the questionnaire, which asked
participants how likely they believed it was that a surgery could be cancelled
while already in the hospital. Overall, the brochure led to a modest shift in per-
ception, with more participants acknowledging the possibility of cancellations
even after hospital admission. The intervention group showed a similar initial
distribution, but the game led to a stronger shift in perception than the brochure,
with more participants recognizing the likelihood of cancellations even once
hospitalized.

Perception of likeliness surgery cancelation when already in
hospital

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Control

Intervention

m Not atalllikely mUnlikely ®Likely mVerylikely ®I1donotknow

Figure 7 Perceived likelihood of surgery cancellation in the control and intervention groups. “Pre”
refers to responses collected before the intervention (reading the brochure or playing the game),
and “Post” refers to responses collected afterward.
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Empathy

Figure 8 presents the results of Question 7 from the control group, which explored
participants’ agreement with statements related to empathy for healthcare work-
ers. Overall, most participants acknowledged that healthcare professionals face
difficult decisions when surgeries are cancelled, with this perception strength-
ening after reading the brochure. A similar trend was observed regarding the role
of surgeons in balancing patient needs and hospital capacity. However, overall
empathy toward the broader challenges faced by hospital staff slightly declined
after the intervention.

Empathy for healthcare workers Control Group

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Pre

Post

Healthcare
providers face
are cancelled.

staff in managing patients with the difficult decisions

Pre

of individual
capacity.

Post

hospital’s overall when surgeries

Surgeons must

Pre

Post

the challenges balance the needs

| empathize with

faced by hospital
resources and
emergencies.

m Strongly disagree mDisagree mNeutral mAgree mStrongly agree

Figure 8 Control group responses to statements about empathy for healthcare workers, shown
before (“Pre”) and after (“Post”) reading the brochure. Participants rated their agreement with
statements on the challenges faced by healthcare providers during surgery cancellations, balanc-
ing patient needs with hospital capacity, and managing resources and emergencies.
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Figure 9 presents the results of Question 7 from the intervention group, which
assessed participants’ agreement with statements related to empathy for health-
care workers. Overall, the game led to a marked increase in strong agreement
with the challenges faced by healthcare workers, especially regarding the dif-
ficulty of surgery cancellations and the complexities of resource management.
Although some divergence appeared in perceptions about surgeons balancing
patient needs and capacity, most participants ultimately expressed heightened
empathy post-intervention. Although some divergence appeared in perceptions
about surgeons balancing patient needs and capacity, most participants ulti-
mately expressed heightened empathy post-intervention.

Empathy for healthcare workers Intervention Group

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Pre

Post

are cancelled.

Healthcare
providers face
staff in managing patients with the difficult decisions

resources and
emergencies.

Pre

of individual
capacity.

Post

hospital’s overall when surgeries

Surgeons must

Pre

Post

the challenges balance the needs

| empathize with
faced by hospital

B Strongly disagree H Disagree M Neutral BAgree B Strongly agree

Figure 9 Intervention group responses to statements about empathy for healthcare workers,
shown before (“Pre”) and after (“Post”) playing the game. Participants rated their agreement with
statements on the challenges faced by healthcare providers during surgery cancellations, balanc-
ing patient needs with hospital capacity, and managing resources and emergencies.
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Anxiety

Figure 10 presents the results of Question 8, which asked participants how anx-
lous they would feel if their surgery were cancelled. Overall, the brochure led to
a slight increase in the intensity of anticipated anxiety, with more participants
expecting high or extreme anxiety following surgery cancellation. In the inter-
vention group, the game maintained a focus on moderate levels of anxiety, with
a slight increase in high anxiety, but a reduction in extreme anxiety. Figure 11
presents the results related to how participants believed their anxiety would be
influenced if they understood the reason behind a surgery cancellation. Overall,
the brochure led to a shift toward the belief that understanding the reason for
cancellation could help reduce anxiety. In the intervention group, after playing
the game, the distribution remained the same, with most participants still ex-
pecting reduced anxiety if the reason behind the cancellation was clear.

Understanding

After the intervention, both the control and intervention groups were asked
whether the activity (brochure or game) had influenced their understanding of
the factors contributing to surgery cancellations (Figure 12). In the control group,
around 45% reported that reading the brochure helped them better understand

Anxiousness if surgery would get cancelled

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Control

post |

Intervention

m No anxiety mSlightanxiety m Moderate anxiety mWHighanxiety M Extreme anxiety

Figure 10 Reported levels of anticipated anxiety in response to surgery cancellation, as rated
by control and intervention group participants before (“Pre”) and after (“Post”) the intervention.
Participants indicated whether they would feel slight, moderate, high, or extreme anxiety if their
surgery were cancelled.
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these factors, while approximately 55% felt it did not change their understanding.
In contrast, 100% of participants in the intervention group indicated that playing
the game improved their understanding of why surgeries might be cancelled.
This suggests that the game had a stronger impact on enhancing participants’
awareness of the complexities involved in surgery scheduling and cancellations
compared to the traditional brochure.

Anxiousness if you would know the reason for cancellation

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Control

Intervention

B Less anxious EWouls stay the same B More anxious

Figure 11 Anticipated levels of anxiety in response to surgery cancellation, depending on whether
participants understood the reason for the cancellation. Responses from the control and inter-
vention groups are shown before (“Pre”) and after (“Post”) the intervention. Participants indicated
whether knowing the reason would result in slight, moderate, high, or extreme anxiety.

Understanding of factors behind surgery cancellation after
activity

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m | understand them better m It did not change my understanding W | understand even less

Figure 12 Participants’ self-reported change in understanding of factors contributing to surgery
cancellations after the intervention. The control group responded after reading the brochure,
while the intervention group responded after playing the game.
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5.5 Discussion

This study explored the effectiveness of a serious game in raising awareness
about the causes and emotional impact of day-of-surgery cancellations, com-
pared to traditional educational material. Our findings suggest that the game not
only enhanced participants’ understanding of the complexities behind surgery
cancellations but also increased their empathy toward healthcare professionals
facing these challenges.

The control group, which engaged with a hospital brochure, demonstrated a mod-
est improvement in understanding. Post-intervention, around 45% felt they had a
better grasp of the factors behind cancellations, while 55% reported no change. In
contrast, 100% of participants in the intervention group, who played the serious
game, reported an improved understanding. This highlights the greater educa-
tional impact of the interactive, scenario-based format of the game over passive
reading material. The game'’s ability to simulate real-world challenges, such as
staff shortages, emergency cases, and resource limitations, likely contributed to a
more vivid and lasting learning experience, supporting findings from prior stud-
ies on serious games in healthcare (Aster et al.,, 2024; Sharifzadeh et al., 2020).

In terms of empathy for healthcare workers, both groups initially acknowledged
the difficulties providers face when surgeries are cancelled. However, the game
led to a stronger shift in perception. After playing, nearly 80% of the interven-
tion group strongly agreed that healthcare providers face difficult decisions,
compared to about 70% in the control group. Additionally, while empathy levels
for resource and emergency management slightly declined in the control group,
they remained high in the intervention group, suggesting that the game helped
sustain or even deepen this understanding.

Regarding anxiety levels, participants across both groups anticipated moderate
to high anxiety if their surgery were cancelled. Notably, after the intervention, a
small number of control group participants indicated they would experience ex-
treme anxiety. In contrast, no intervention group participants reported extreme
anxiety post-gameplay. This could indicate that the game, by offering insight into
the reasons behind cancellations, helped reduce the potential for extreme emo-
tional reactions.
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When considering whether knowing the reason for a cancellation would affect
their anxiety, the majority of participants in both groups felt it would lessen their
anxiety. However, this belief strengthened in the control group after reading the
brochure, rising from 40% to nearly 60%. In the intervention group, a consistent
70% believed that understanding the reason would reduce their anxiety both
before and after playing the game. This consistency suggests that the game ef-
fectively conveyed from the outset that behind-the-scenes challenges influence
surgical scheduling.

Importantly, these findings should be interpreted in light of the different learning
goals between the brochure and the game. The brochure is primarily focused on
the medical aspects of surgery, including details on pain management, medica-
tion, and recovery. While the game includes some of this information through
action and patient cards, its emphasis lies more on system-level challenges, such
asresource allocation and staffing issues. Therefore, it is not intended, nor should
it be seen, as a replacement for traditional educational materials like the bro-
chure. Rather, the game could serve as a complementary tool, providing a broader
understanding of the hospital environment and fostering empathy for the health-
care providers involved.

Moreover, it is important to recognize that the brochure used in this study rep-
resents just one part of the broader educational package that patients typically
receive. In addition to written materials, patients are often given supplementary
flyers with images of hospital areas to help them navigate and mentally prepare
for their experience. They also have conversations with their physicians, which
provide crucial, personalized information about their procedure and care. These
multiple touchpoints contribute to a more comprehensive preparation for sur-
gery, and any game-based intervention should be seen as an additional resource
within this wider context.

Overall, the serious game proved to be a more impactful tool than the brochure
in improving understanding and fostering empathy around the topic of surgery
cancellations. These findings align with theoretical foundations highlighted by
Aster et al. (2024), particularly Self-Determination Theory and Narrative Engage-
ment, which emphasize the role of active participation, autonomy, and emotional
Involvement in learning.
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The game’s design, which allowed players to directly experience and respond to
typical OR management constraints, likely increased engagement and facilitated
a deeper cognitive and emotional connection to the topic.

5.5.1 Implications

This study contributes to the growing field of serious games in healthcare by
demonstrating that such tools can be effectively used not only for professional
training or patient self-care but also for managing expectations and emotions
of potential future patients. By promoting a more nuanced understanding of
systemic challenges, serious games could play a valuable role in preoperative
education, ultimately supporting better communication between patients and
healthcare providers. However, they should be integrated alongside traditional
materials and physician guidance, not as standalone educational tools.

5.5.2 Limitations and Future Work

While the results are promising, the sample size was limited, and further stud-
ies with larger, more diverse populations are needed to confirm these findings.
Additionally, long-term effects on participants’ perceptions and behaviors were
not assessed. Future research could explore whether this increased understand-
ing persists over time and whether similar game-based interventions can reduce
preoperative anxiety in actual clinical settings. Further, evaluating how such
games could be effectively integrated into existing preoperative education pro-
grams would be valuable, ensuring they support rather than duplicate or replace
essential medical information.

5.6 Conclusion

Surgery cancellations, particularly those occurring on the day of surgery, remain
a significant challenge within healthcare systems, affecting both operational ef-
ficiency and patient experience. This study introduced a serious game aimed at
raising awareness among potential future patients about the systemic factors
contributing to surgery cancellations, while also fostering empathy for health-
care providers.

The findings indicate that the game was effective in enhancing participants’ un-
derstanding of the logistical and staffing challenges faced by hospitals, and in
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deepening their appreciation of the difficult decisions healthcare workers must
make. Compared to a traditional educational brochure, the game led to greater
improvements in perceived understanding and empathy, while also supporting
moderate emotional responses to hypothetical surgery cancellations.

However, the game is not intended to replace conventional preoperative educa-
tional materials, which focus more heavily on medical information such as pain
management and recovery expectations. Instead, it should be viewed as a com-
plementary tool that can enrich patient education by addressing the broader con-
text in which surgical care is delivered.

In conclusion, integrating serious games into preoperative education may offer a
novel and engaging way to manage patient expectations, promote understanding
of hospital dynamics, and support better communication between patients and
healthcare professionals. Future research should explore the broader application
of such tools in clinical settings and their potential to improve patient prepared-
ness and satisfaction (Figure 13).

Figure 13 integrating serious games into preoperative education may offer a novel and engaging
way to manage patient expectations, promote understanding of hospital dynamics, and support
better communication between patients and healthcare professionals.
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This thesis set out to answer the overarching research question: How can we better
understand and support the effective and sustainable implementation of medical technol-
ogy in the operating room, considering both system-level processes and the experiences of
healthcare professionals? To explore this question, we investigated how MedTech
interacts with and influences clinical workflows in the operating room.

Findings

First, we found that optimization efforts in the OR often rely on narrow sets
of metrics, with a strong emphasis on efficiency. Crucial aspects such as staff
well-being are underrepresented, and insufficient attention is given to the inter-
action between quality and efficiency metrics. As a result, optimization strategies
may inadvertently worsen other parts of the system. A broader, systems-based
approach — one that aligns metrics across domains and integrates the perspec-
tives of healthcare professionals — is essential for sustainable improvement.
Second, our investigation into the impact of OR technologies on intra-operative
nurses showed that job satisfaction is shaped not only by workload, but also by
the degree of engagement and perceived contribution to care. While minimal-
ly invasive and robotic-assisted procedures aim to improve outcomes, they can
unintentionally reduce nurses’ professional fulfillment. Addressing this requires
both managerial and design strategies that promote involvement, reduce physi-
cal and mental strain, and ensure nurses’ perspectives are heard when introduc-
ing new technologies.

Third, our study of OR planning strategies across Dutch hospitals highlighted
structural bottlenecks, such as delayed long-term planning, unclear roles, and a
lack of feedback mechanisms. Despite growing interest in automation and da-
ta-driven tools, our findings emphasize the need to first establish transparency
and clarity in planning processes. Successful implementation of planning in-
novations requires a stepwise approach grounded in clear policies, stakeholder
alignment, and system-wide accountability:.

Fourth, our case study on the transferability of OR planning strategies showed
that while core planning activities are consistent, successful implementation
depends on alignment with local context. Applying the OPUS I framework to a
specialized hospital revealed that factors like centralized planning, smaller scale,
and stable staffing allow for different choices. Strategies from UMCs can be use-
ful elsewhere, but must be adapted to local structures and governance.
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Fifth, we examined how a serious game could educate future patients about the
systemic causes of surgery cancellations and foster empathy for healthcare pro-
fessionals. Participants who played the game showed greater understanding of
OR planning challenges and higher empathy than those who read traditional
materials. While not a replacement for medical preoperative education, the game
can complement existing resources by highlighting system-level issues like staff
shortages and bed constraints. This approach supports better communication
and expectation management by bridging the gap between system dynamics
and individual experiences.

Common threads

A common thread across all five studies in this thesis is the need to view Med-
Tech not in isolation, but as part of a broader clinical ecosystem. Understand-
ing how technology interacts with workflows requires looking beyond isolated
metrics or outcomes and considering the full context in which care is delivered,
including team dynamics, institutional structures, and long-term system goals.
These findings are supported by others in the field. Jeilani and Hussein (2025)
emphasize that organizational and environmental factors are critical to success-
ful digital health implementation, while Buljac-Samardzic et al. (2020) highlight
the importance of team dynamics in integrating new technologies into clinical
practice.

Hierarchy is a key part of this context. In hospitals, hierarchical structures
strongly influence how new technologies are received and used. Nurses and
junior staff may hesitate to raise concerns or offer feedback, especially if their
roles feel threatened or their input is not actively sought. Van Dongen et al. (2024)
show how hierarchy can inhibit open communication, even when patient safety
is at stake. Similarly, Lee & Lee (2024) and Lee et al. (2021) find that professional
and age-based power dynamics can suppress the voices of frontline staff, lead-
ing to missed insights and disconnected innovation processes. These dynamics
point to a broader lesson for engineers and innovators: reducing workload alone
is not enough. While efficiency is often easy to measure, our findings show that
removing tasks without considering engagement or job satisfaction can lower
professional fulfillment. Alzoubi et al. (2024) similarly found that job satisfaction
moderates the relationship between workload and care quality. To support sus-
tainable innovation, transparency in workflows must come before automation.
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All stakeholders need a shared understanding of how and why care processes
function. Documenting and sharing workflows — whether for OR planning or dai-
ly routines — not only improves clarity and efficiency, but also empowers those
with less formal authority. This helps build a more inclusive and adaptive culture
around innovation. As Holden & Karsh (2010) argue through the Technology Ac-
ceptance Model, successful adoption depends on clear workflows and active user
involvement from the outset.

Implications
This thesis has examined the effects of the rapidly growing presence of technol-
ogy in and around the operating room. We have observed how workflows have
already shifted in response to innovations such as robot-assisted surgery, while
other processes, like OR planning, remain on the brink of change but often en-
counter resistance from those expected to engage with new systems. In several
cases, technology has simplified tasks without necessarily improving the experi-
ence of work. More critically, we find a growing misalignment between the skill-
sets of medical professionals and the technological tools they are required to use.

This raises an essential question: is the technical workflow evolving faster than
the human workflow? Surgical technologies have advanced significantly, yet the
structure and composition of surgical teams have remained largely unchanged.
Highly educated and clinically trained OR nurses — whose expertise is vital and
whose numbers are already limited — are increasingly assigned to simpler, more
technical roles during robotic procedures, leading to concerns about underuti-
lization and diminished professional fulfillment. This tension is not unique to
healthcare. Other fields have experienced similar challenges in adapting to tech-
nological change. In manufacturing and automation, for example, skilled ma-
chinists and assembly line workers once performed tasks manually or with basic
mechanical tools. With the rise of automation, tasks became faster and more ef-
ficient but also more repetitive or obsolete. Some workers adapted by transition-
ing into higher-skilled roles such as robotics maintenance or systems engineer-
ing, while others faced displacement or were forced to retrain (Autor et al., 2003).
A similar pattern emerged in banking and finance, where tellers and personal
bankers once handled calculations and customer service directly. The introduc-
tion of ATMs, online banking, and financial algorithms automated much of this
work, leaving behind a more specialized workforce focused on advisory roles and
customer relations (Arner et al., 2015).
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When comparing these developments to healthcare, several future scenarios
emerge. One involves upskilling or reskilling, where nurses, planners, and other
staff evolve into “health tech operators” or “data stewards,” overseeing Al systems
and translating their output into clinical practice (The NHS constitution, 2019).
Another, perhaps more socially valued, scenario envisions overqualified staff
focusing on human-centric tasks — communication, empathy, and ethical deci-
sion-making — while machines handle routine processes (Verghese et al., 2018). A
more polarized scenario could also unfold, with high-skill roles (e.g., tech integra-
tion, clinical data science) and low-skill roles (e.g., basic support care) expanding,
while middle-skill jobs shrink (Autor, 2015). However, given the deeply human
nature of healthcare, it seems more likely that full automation will be resisted,
leading instead to the adoption of hybrid systems — where technology supports
but does not replace human judgment, and traditional roles are reshaped rather
than removed (Greenhalgh et al,, 2017).

A key factor in shaping these outcomes is the interplay between autonomy and
complexity in healthcare jobs. Conventional healthcare practice is characterized
by a relatively high level of autonomy, which enhances the capacity of profes-
sionals to manage complex tasks. Autonomy allows individuals to strategize,
adapt, and regulate their work pace, as seen in current OR planning practices.
Karasek's Demand-Control Model (1979) underscores this, suggesting that com-
plex yet autonomous jobs are the most engaging, fostering growth, innovation,
and job satisfaction. These are precisely the qualities that healthcare campaigns
seek to promote in order to retain staff — by offering them perspectives and op-
portunities for professional development. Conversely, complex roles that lack au-
tonomy often lead to stress, dissatisfaction, and burnout. Robotic surgery offers
a cautionary example: by reducing both the complexity and autonomy of certain
roles within the surgical team, it risks making work monotonous and demotivat-
ing. In other words, reducing complexity without restoring autonomy can erode
job meaning and satisfaction.

It is undeniable that technology will reshape the healthcare workforce, regard-
less of which scenario ultimately unfolds. However, engineers and healthcare
management bear a responsibility — and likely face a higher chance of success
— when they develop and implement technology in ways that preserve or even
enhance professional autonomy. Paradoxically, robotic surgery may offer part of
the solution to staffing challenges, but only if we are willing to rethink how surgi-
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cal teams are organized. By redistributing tasks to allow OR nurses to fully utilize
their medical training during open surgeries, while creating space for more tech-
nically oriented staff to support robotic procedures, healthcare systems could
optimize team capacity, alleviate workload pressures, and enhance professional
satisfaction. In doing so, technology becomes an enabler of better care and more
meaningful work, rather than a force of disruption.

Limitations

This study offers valuable insights into the interaction between MedTech and
clinical workflows, but several limitations should be noted. First, despite ad-
vocating a systems approach, the study focused solely on the operating room,
potentially overlooking effects on related departments like PACU or inpatient
wards. Broader hospital interdependencies remain unexplored. In Chapter 2,
findings are based on a single academic hospital (LUMC), where unique factors
such as task-sharing among intra-operative nurses and medical trainees may
have influenced results. The study did not differentiate between scrub and cir-
culating nurses, despite known differences in their roles. A small sample size,
subjective measures, and an adapted SURG-TLX tool limit generalizability and
comparability. Efforts to use automated video analysis faced technical limita-
tions in detecting fine motor tasks and handling poor lighting, further restricting
objectivity. Chapters 3 and 4, focused on OR planning, relied on stakeholder in-
terviews. These process maps may omit key elements and reflect only a moment
in time. Chapter 4's conclusions are based on a single additional case, limiting
transferability to other hospitals. Lastly, Chapter 5's serious game was tested with
few participants. While initial feedback is positive, broader testing is needed to
confirm its effectiveness.

Recommendations
Based on the findings presented in this thesis, several recommendations can be
made to support more effective and sustainable implementation of medical tech-
nology in the operating room. These recommendations are aimed at different
stakeholders involved in MedTech innovation, including developers, healthcare
professionals, hospital administrators, researchers, and policymakers.
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For MedTech innovators and developers (academia and industry):

Engage end users early and meaningfully, especially surgical nurses; Their
practical knowledge and lived experiences are essential for identifying
usability issues, workload impact, and potential barriers to adoption.
Design for context, not just for function; Innovations should be co-devel-
oped with an understanding of the specific workflows, team struc-
tures, and constraints of the hospital environment they aim to support.
Balance customization with adaptability; While local tailoring increas-

es relevance, build in mechanisms for flexibility and transferability
across institutions to improve scalability and long-term impact.

For hospital leadership and OR management:

Clarify planning responsibilities and improve communication structures; Lack
of role clarity and poor information flow are persistent bottlenecks
that hinder both daily operations and the implementation of innova-
tions.

Invest in feedback loops and operational data use; Make performance data
visible and actionable at all planning levels to support continuous im-
provement and accountability.

Support staff well-being as a key condition for successful innovation; Moni-
tor how MedTech affects workload and morale, and ensure adequate
training and support for staff adapting to new technologies.

For researchers and policy makers:

Include both technical and human metrics when evaluating MedTech; Move
beyond efficiency or accuracy alone — consider staff satisfaction, per-
ceived value, and long-term organizational fit.

Develop frameworks that bridge academic insights and clinical practice;

Studies like OPUS and RESA can serve as templates for mapping
workflows and identifying transferable strategies, but further work is
needed to validate and implement them more broadly.

Use tools like serious games to support stakeholder understanding and di-
alogue; Interactive formats can help future patients, staff, and deci-
sion-makers better grasp the complexity of OR planning and sys-
tem-wide constraints.
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Technology in the operating room is advancing rapidly, but the structures that
surround it — team roles, workflows, and institutional processes — have remained
largely unchanged. This thesis shows that while innovation is accelerating, the
way we implement it is lagging behind. Medical technologies are often intro-
duced into environments that are neither prepared nor designed to adapt, lead-
ing to friction, inefficiencies, and missed opportunities. The findings across five
studies challenge the persistent assumption that better technology alone leads to
better care. In reality, even the most advanced tools can fall flat if they fail to align
with clinical workflows, institutional dynamics, or the professional identities of
those expected to use them.

Too often, innovation is framed as a technical upgrade, rather than a socio-orga-
nizational shift. Our research reveals that intra-operative nurses — highly edu-
cated professionals — are increasingly sidelined during robotic procedures, while
hospital planning systems chase automation without addressing basic process
transparency or role clarity. These disconnects point to a fundamental misalign-
ment: the technical workflow is evolving faster than the human one.

This thesis calls for a new approach to MedTech development — one that treats
implementation not as a final step, but as a design challenge in its own right.
Medical process engineering provides the tools to bridge the gap between ab-
stract technical potential and concrete clinical reality. But bridging that gap also
requires cultural change: accounting for hierarchies, and valuing well-being and
meaning at work as much as productivity (Figure 1).
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Figure 1 Top-down view of an operating room (OR), showing a patient and the OR team connected
within a shared workflow. The skills and workflows of both people and technology are in sync,
allowing for meaningful collaboration. By keeping people at the heart of the operation—and
valuing well-being and purpose at work alongside productivity—we can bridge the gap between
technical potential and clinical reality.
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Appendices

Appendix 1.1

In Appendix 1.1, Supp. Tab. 1, the topic category and their corresponding sourc-
es are presented.

Appendix 1.2
Appendix 1.2, Supp. Fig. 1, shows a sunburst graph that illustrates the distribu-
tion of the labels per department (D_x).
In Appendix 1.2, Supp. Fig. 2 zooms in on methods and corresponding topics
of just the OR. This graph includes all OR data from both search criteria and
shows the methods, topics and number of articles in each category.

Appendix 2.1

Appendix 2.1, Supp. Fig. 1, shows the SURG-TLX adaptation in which the par-
ticipant scores open surgery, minimally invasive surgery and robotic-assist-
ed surgery for each aspect of the standard SURG-TLX

Appendix 2.2

Appendix 2.2 contains the Data Management Plan.

Appendix 2.3

Appendix 2.3, Supp. Table 1, shows the annotation scheme used for the man-
ual annotation of the videos.

Appendix 2.4
Appendix 2.4, Supp. Fig. 2, shows the frequency of factors impacting workload

and job satisfaction as reported by nurses in the questionnaire, categorized
into seven groups.

Appendix 2.5

Appendix 2.5, Supp. Fig. 3, shows the percentage of Measured Movement by
Procedure Type
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Appendix 2.6

Appendix 2.6, Supp. Table 2, shows a summary of Hospital Data for Gyneco-
logical Procedures in 2023.

Appendix 3

Appendix 3, Supp. Fig. 1, shows the planning overview of Hospital 1.

Appendix 3, Supp. Fig. 2, shows the planning overview of Hospital 2.
Appendix 3, Supp. Fig. 3, shows the planning overview of Hospital 3.
Appendix 3, Supp. Fig. 4, shows the planning overview of Hospital 4.
Appendix 3, Supp. Fig. 5, shows the planning overview of Hospital 5.
Appendix 3, Supp. Fig. 6, shows the planning overview of Hospital 6.
Appendix 3, Supp. Fig. 7, shows the planning overview of Hospital 7.
Appendix 3, Supp. Fig. 8, shows the planning overview of Hospital 8.

Appendix 4.1

Appendix 4.1, Supp. Fig. 1, shows the general planning overview of the UMCs.

Appendix 4.2
Appendix 4.2, Supp. Fig. 2, shows the planning overview of the TCC hospital.

Appendix 5.1
Appendix 5.1, Supp. Material 1, shows the hospital brochure for the control
group.

Appendix 5.2

Appendix 5.2, Supp. Fig. 1, shows an overview of a game play scenario.

Appendix 5.3
Appendix 5.3, Supp. Material 2, shows the questionnaire for both the control
and the intervention group.
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Appendix 1.1 Supplementary Table 1

Supplementary Table 1 The identified metrics and their corresponding sources.

Label Name Source
T_1 Optimize role of sur- (14)
geon
T_2 Reduce delays (29)(30)(31)(32)(33)(34)(35)
T_3 Optimize patient flow  (18)(5)(20)(36)(37)(38)(39)(40)(41)(42)(43)(44)(44)(45)(46)(3)(47)
(48)(49)
T_4 Reduce costs (50)(8)(51)(52)(53)(54)(55)
T_5 Optimize management (56)(57)(58)(59)(21)(10)(60)(61)(62)(22)(63)(64)(65)(66)(67)
T_6 Optimize teamwork (68)(69)(70)(71)(72)(73)(74)
T_7 Reduce non operative  (75)
time
T_8 Optimize anaesthesia  (76)(77)(78)(79)(80)(81)(82)
procedure
T_9 Define OR efficiency a7
T_10 Optimize scheduling (19)(83)(84)(85)(86)(87)(88)(89)(90)(91)(92)(93)(94)(95)(96)(97)
(98)
T_11  Optimize overall equip- (99)(100)(101)(102)(103)
ment effectiveness
T_12  Optimize workflow (104)(105)(106)(107)(108)(109)(110)(111)(112)(113)(114)
tracking systems
T_13  Optimize overall pro- (115)(116)
ductive capacity of a
department
T_14 Optimize department (117)(118)(119)(120)(121)
design
T_15 Reduce workload (122)(123)
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Appendix 1.2 Supplementary Figure 1

Supplementary Figure 1 Sunburst graph that illustrates the distribution of the articles
per department. See Table 4 for the names and explanations of the labels in the figure.
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Appendix 1.2 Supplementary Figure 2

Supplementary Figure 2 Sunburst graph that illustrates the distribution of OR articles
per method and topic. See Table 3 for the names and explanations of the labels in the
figure.
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Appendix 2.1 Supplementary Figure 1

1. Mental Demand

How mentally fatiguing was this phase of the procedure?

Phase 1:
Patient on OR till incision patient

Open

LLOLEIE ity

Phase 2:
Incision patient till closing patient

Phase 3:

Open

NENRERENE

HEREERARE

Open

LLLLLLLLL

LI

Very Low Laparoscopic Very High:

LLLC el

Very Low Laparoscopic Very High

T

iVery Low Laparoscopic Very Hig"i

Very Low Robot-Assisted Very High:

L g

Very Low Robot-Assisted Very High|

LU

I I

iVery Low Robot-Assisted Very Hight

SERNEANANA ARRRRNNNANE

fery Low Very High

fery Low Very High

iery Low Very High |

Supplementary Figure 1 SURG-TLX adaptation in which the participant scores open

surgery, minimally invasive surgery and robotic-assisted surgery for each aspect of the
standard SURG-TLX. Each aspect is scored this way for the three phases of the surgery:
(1) entrance patient — first incision; (2) first incision - closing patient; (3) closing patient

— exit patient.

Appendix 2.2 Data Management Plan

Supplementary Table 1 The identified metrics and their corresponding sources.

Name and contact

Ir. A.M. Schouten

details A M.schouten@tudelft.nl

ORCID ID -

Department Gynaecology

Supervisor(s) Prof. Dr. FW. Jansen, LUMC, Head of Department of Gynaecology
Dr. ir. J. Dijkstra, LUMC, Department of Radiology (Div. of Image
Processing)
Dr. J.J. van den Dobbelsteen, TU Delft, BioMechanical Engineer-
ing

Project title FLOW: Fresh Look at Operating room workFlow
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Project background

Many studies have highlighted the importance of OR efficiency op-
timization. As a consequence, OR’s have changed a lot in the last de-
cades. Reassessing the workflow within the complex processes of the
OR is therefore valuable. Obtaining reliable estimations of the dura-
tion of procedures and communicating the progress of interventions
in real-time have been identified as crucial for the improvement of the
efficiency of the OR. By doing so, the medical staff can anticipate and
better manage the workflow. This improves the efficiency both during
a procedure as well as the sequence between different procedures.
Furthermore, automated recognition of OR procedures could lessen
the administrative burden of the medical staff.

Description of your
research

The objective of this study descriptive. It has the aim of providing
insights in the daily workflow of an OR. Based on these insights,
technical support with new methods for understanding, real-time
monitoring and management of workflow can be generated. This
way, efficiency and patient safety could be increased in the OR envi-
ronment. A set of operations will be filmed on the OR of the gynaecol-
ogy department. This study is non-comparative, non-interventional,
single-site and observational. There is no formation of study groups
who will be compared.

Project duration

Start: 01/05/2021
End: 01/05/2022

Name and contact de-
tails data management

Petra van Overveld
PG.M.van_Overveld@lumec.nl

expert LUMC 071-526 3140
Funding body(ies) Not applicable
Grant number Not applicable

Partner organisations

Technical University Delft, Medical Delta

About this Data Management Plan

Date written 30/03/2021
Date last update 30/03/2021
Version 1.0
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1. Data collection
Describing the data you will be creating/collecting

11

How will you collect, create and/or capture your data?

A set of GoPro video cameras will be mounted to the walls in OR9 with suction cups.
The GoPro cameras will run on batteries. After each procedure, the battery will need
to be swapped. At the same time, the memory cards can be taken out to transfer the
data to a hard-drive using a computer. New batteries and memory cards will be placed
in the cameras, to save time. During the next surgery the first set of batteries will be
charged and the data from the memory cards will be transferred and deleted.

1.2

What is the format and estimated size of the data?

Data stage Specification  Software File format Data size esti-
of dataset choice mate

Raw data Video record- GoPro software MP4 150GB
ings+audio  installed on
equipment

Processed Body part Pose Estima- JSON/XML <1GB
data coordinates tion

Results Events or X JSON/XML <1GB
activities

13

Will the project use existing data?

0 No
X Yes

If yes: what kind of data will you re-use?

0 Data collected by myself / my research group (previous research)

x Care data from electronic health records (EHR)

0 Data from academic collaborators (consortium partners usually with own PI)
0 Data from commercial collaborators (e.g. pharmaceutical company)

0 Data from an open access database / archive / repository

0 Data from a specialist commercial data provider

0 Data from an existing cohort, biobank or registry

0 Other data (please specify)

Is there an agreement for the use of existing data?

x No

0 Yes, I have a data transfer agreement (DTA)

0 Yes, this is written down in a consortium agreement
0 Yes, this is written down in a research agreement

0 Yes, other (please specify)

2. Data documentation
Documenting your data to help future users to understand and reuse it

21

How will files and folders be named and structured? How will versions and changes be
handled?
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FLOW_videoRaw_BACKUP

FLOW _audio

FLOW _videoEdited

FLOW _coordinates

FLOW _results

FLOW _software (version control LUMC Github with access rights)
FLOW _documents

22

What metadata (standard) will be used to describe the dataset? (business metadata)

X Generic metadata standard (e.g. Dublin Core )
0 Specialised metadata standard
0 Other metadata (standard)

Please describe briefly:

The Dublin Core metadata standard will be used to describe the total dataset, and the
subsets containing clinical and questionnaire data. The metadata will be created using
the Dublin Core generator.

23

What metadata (standard) will be used to describe and/or standardize data and vari-
ables? (technical metadata)

x No metadata standard is used, but I will provide a detailed description of variables
(dictionary)

0 Generic metadata standard (e.g. SNOMED, ICD10; see RDA Metadata Directory for
examples)

0 Specialised metadata standard

0 Other metadata (standard)

The recordings will be either in image format JPEG or PNG, or it will be video format
MP4.

Where possible SNOMED coding will be used for clinical variables. Data from HiX in-
clude diagnosis information using ICD10 coding. A dictionary for clinical data from HiX
will be produced from variable descriptions from DIG.

24

What supporting information / documentation will you create to enhance understand-
ing of the data?

The research protocol will be stored with the data after approval by the METC.

A data dictionary (code book) will be available for the clinical data. A readme.txt with a
list of all available files and a description of their contents will be created at the end of
the project, before archiving the data. Lab journal entries will be exported as pdf.

After the project has been completed, metadata documentation will be created, speci-
fying all relevant information needed to replicate our studies. We will also include the
necessary software and tools needed for reuse and state whether embargoes, licences,
commercial objectives or other conditions (like stated in informed consent agree-
ments) have been imposed on the reuse of data.

Readme.txt:

README.md file

- Will describe folder structure, containing files, file names and their format
yyyymmdd_[type]_[name]_[version]

- Camera setup and recording conditions

- Type of proceduresComments in code
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25

Indicate which laws or permits apply to your study

Indicate which laws or permits apply to your study

x Algemene verordening Gegevenshescherming (AVG) / General Data Protection Regu-
lation (GDPR)

x Code of conduct for medical research (e.g. GCP)

x Kwaliteitsborging mensgebonden onderzoek (Quality Assurance for Research in-
volving Human Subjects)

0 Wet Medisch Wetenschappelijk onderzoek met mensen (WMO) (Medical Research
Involving Human Subjects Act)

0 Approval by ethical committee for human research (METC/CCMO)

0 Verklaring geen bezwaar from METC (letter of non-objection)

0 Wet op geneeskundige behandelingsovereenkomst (Medical Treatment Contracts
Act)

0 Gedragscode goed gebruik van lichaamsmateriaal (Code of conduct responsible use
of human tissue)

x Report the collection of (in)directly identifiable (research) data to the Data Protection
Officer

0 Permission for animal experiments Centrale Commissie Dierproeven (CCD)

0 Permission for working with genetically modified organisms (GGO)

0 Other (please specify)

Please add additional information if needed:

3. Data storage and security

Ensuring that all research data are stored securely and backed up or copied regularly during

your research

31

Where will you store the different parts of your data?

0 On departmental network storage drive (e.g. I:-drive)

0 On personal network storage drive (e.g. H:-drive)

x On a protected network storage drive (e.g. DataSafe)

0 In a safe shared Virtual Research Environment (e.g. SharePoint Office 365)
0 In a safe personal Virtual Research Environment (e.g. OneDrive Office 365)
0 Physical storage (e.g. USB, external hard drive)

0 Cloud service (e.g. SURFdrive, Mendeley data)

0 Data management system (please specify)

x LUMC long-term storage

0 Other (please specify)

All data will be stored on DataSafe. Jouke Dijkstra, the project supervisor, will be in
charge of the data and access to the data.

3.2

Are there any commercialisation, ethical or confidentiality restrictions about handling
your data during your research?

Yes

Informed Consent needs to be signed by both personnel and patients.

33

Will you be doing research involving human subjects and/or human material?
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Will you be doing research involving human subjects and/or human material?
0 No, I will not be doing research involving human subjects and/or material

0 Yes, anonymized human material

0 Yes, pseudonimized human material

x Yes, pseudonimized human data

0 Yes, pseudonimized human data and material

The entire OR will be filmed, this includes patients and employees. However, in this re-
search the video data will be translated to spatial data to detect activities and the face
of patients will be blurred.

3.4

How will privacy be managed during the project? (if applicable)

The combination of the distance of the video cameras, installed high up the walls to
the employees and the employees wearing face and hear masks, make that all persons
present in the OR are hard to recognize in the first place. In addition, the face of the
patient will be blurred to ensure privacy. After recording, an algorithm will distract
the spatial data of humans from these recordings and these will be used to extract the
events. This further diminishes privacy issues.

The data will be stored in the DataSafe and the supervisor of the project will be in
control of the data. When publishing about this research, the faces of personnel will
always be blurred.

3.5

How will access to the data be managed during the project?

The data will be stored on the DataSafe with access rights for only a select group of
people that are involved in the research project.

3.6

Is there any non-digital data or outputs that the project will generate? How will the
non-digital data be handled and stored?

Yes, the Informed Consents of patients and employees, which are used to get permis-
sion to film, are non-digital. These will be stored in a locked closet on the department
of Radiology. They will also be scanned and stored in the DataSafe folder with the key
file, since they contain personal information about the patients (name).

3.7

What costs do you expect for storage and data management during the project? How
will these costs be covered?

The expected size of the data will is estimated to be 150GB. 1TB will cost 100 euros for 1
year LTS. Hosting this data for 15 years will cost 225 euros.

4. Data access, sharing and reuse
Managing access and security, sharing your data

41

Are there any restrictions placed on sharing / reuse of some / all of your data? Will
you share your data open access or with restricted access? Is there an embargo period
before sharing your data?

Because of ethical reasons and restrictions by the law, the raw video data of this project
will never be shared without restrictions. Data will only be shared with people within
the LUMC working on projects that follow up on this line of research.

42

If data is shared with restricted access: do you have a Data Transfer Agreement (DTA)
available for reuse of your data?

No, data is only used within the LUMC.
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43

If intending to share any part of the data, do your consent forms and/or consortium
agreement include information about intentions for sharing, retention of data and steps
taken to protect participants privacy and confidentiality?

Not applicable

44

Who is responsible for your data and has authority to grant (additional) access to your
data?

0 You

0 A colleague from the project

X Supervisor

0 Data Access Committee

0 Funder

0 Collaborator / research partner organisation
0 Other

Please describe briefly how this is arranged during your study and for the long term.
Specify a person or (preferably) a role:

This study is only just being set up. The project is financed by Medical Delta within a
collaboration between TU Delft and LUMC. Jouke Dijkstra, who acts as LUMC supervi-
sor will be in charge of granting access to the data.

5. Data preservation and archiving
Preserving your data

51

Please describe which parts of your data you will select for archiving and motivate
why you would not archive (parts of) your data.

All data needs to be archived. Unedited but compressed video data needs to be used
to train algorithms in future research. The PIFs are necessary to be archived by law.
The research results are necessary for the understanding and as a source for future
research.

5.2

How long must your data be preserved?

Minimal preservation time for different types of research:
Pre-clinical research: 10 years

Clinical research: 15 years

Pharmaceutical clinical research: 20 years

53

Are there any requirements regarding the disposal of data?

yes; The head of department is responsible for approval of data disposal.

Paper informed consent forms will be disposed of in special locked confidential paper
containers and will be destroyed as confidential material according to DIN66399-2
guidelines.

5.4

How will you ensure data findability and availability for the long term?

I will not archive my data outside LUMC, but will ensure long term findability and
availability (specify)

Data will be stored on a drive that is accessible to the LKEB department. Jouke Dijkstra,
the project supervisor, will be in charge of the data when this research part is finished.
No plans are set for the deposit of metadata in a repository as of yet. Scripts might be
published on GitLab.
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55 If archiving in a database / archive / repository, does it provide:
A CoreTrustSeal ?
No
A Persistent Identifier (PID)?
No
Scripts might be published on GitLab. If so, we will make the work on GitLab citable by
archiving the GitLab repository and assigning a DOI with a data archiving tool.
5.7 What costs (if any) will be associated with long-term storage of your data? How will
these costs be covered?
The costs for storage of about 150GB for 15 years will be 225 euros and will be covered
by the Impact Project.
5. Data preservation and archiving
Preserving your data
6.1 Here you can put any additional information that you were not able to list in the boxes

above
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Appendix 2.3 Supplementary Table 1

Supplementary Table 1 Annotation scheme used for the manual annotation of the vid-
eos. The results of these annotations were used to validate the outcomes retrieved from
the automated analysis with AlphaPhose.

Surgical phase Room char- Operating Room team Scrub nurse actions View blockers
acteristics actions

Patient in op-  Light turned Number of staff mem- Not active Patient

erating room off bers present over time covered with
sterile sheets

Start anesthe- Lightturned Number of staff inter- Handing instru- Patient not

sia on acting with operating ments covered with

table sterile sheets

End of induc-  Door move- Number of active staff Wrapping robot in Robot po-

tion ments members plastic sitioned at
patient

Start surgical Number of non-active Moving instrument Robot in

preparation

staff members

table/wagon

corner of the
room

Start surgery

Unpacking instru-

ments

End surgery

Holding items at the

operating table

End anesthesia

Retrieving items

from the operating

table

Patient leaves
operating room
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Appendix 2.4 Supplementary Figure 2

Frequency of factors impacting workload and job satisfaction
mentioned by nurses
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Supplementary Figure 2 Frequency of factors impacting workload and job satisfaction
as reported by nurses in the questionnaire, categorized into seven groups.
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Appendix 2.5 Supplementary Figure 3

Measured movement per surgery type

SO

Movement (%)
SIN

20000 30000

Procedure duration (s)

Supplementary Figure 3 Percentage of Measured Movement by Procedure Type: II-
lustrating the percentage of total duration attributed to measured movement for open
surgery (n = 4), MIS (n = 24), and RAS (n = 6). All 24 procedures have been individually

plotted for each surgery type.
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Appendix 2.6 Supplementary Table 2

Supplementary Table 2 Summary of Hospital Data for Gynecological Procedures in
2023: Key metrics for open surgery (0S), minimally invasive surgery (MIS), and robot-
ic-assisted surgery (RAS), including total procedure duration, difference from planned
duration, ASA scores, and time spent in the dark during the cutting phase.

Procedure Total dura- Difference from  ASA score Time in the Number of peo-

type tion (min) planned duration dark (min) ple in operating
(min) room (mean)

oS 24932 -13.32 £ 59.09 2.05+0.68 - 11.43

(N=148)  107.24

MIS (N = 120.26 £ 65.52 -1.66 + 29.26 178 £ 0.61 71.56 + 55.60 9.82

236)

RAS(N=  249.41+74.61 6.26166.75 1.39 £ 0.50 188.58 £+ 70.65 10.42

27)
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Appendix 3.1
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Appendix 5.1 Supplementary Material 1

Everything You Need to Know About Your Surgery

You are receiving this information because you will soon undergo a surgical procedure.
Depending on the procedure, you may stay in our hospital for one or more days. Your doctor has

informed you at the outpatient clinic about the expected duration of your stay.

Anesthesia

Anesthesia means numbness. You will receive anesthesia to protect your body from pain and the
harmful effects of stress that surgery inevitably brings. We tailor the anesthesia to your age, weight,
and health condition. Your body’s reactions to the medications and procedure are carefully monitored

during the operation. If necessary, bodily functions may be supported, for example, with a ventilator.

In the following sections, you will learn about the different types of anesthesia and important

guidelines for the day of surgery, such as fasting instructions.

General Anesthesia

General anesthesia, also called narcosis, means your entire body is numbed, and you are
unconscious. You will not notice the surgery and will not remember it afterward. Before the
anesthesia, we insert an IV and connect you to a monitor to track your heart rate, blood pressure, and
oxygen levels. You will receive oxygen through a mask over your nose and mouth. The anesthesia
medication is administered through an IV. Once under anesthesia, the anesthesiologist places a
breathing tube in your throat or windpipe. Additionally, an extra IV line or urinary catheter may be

inserted if necessary.

Complications and Side Effects
e You may feel nauseous or vomit. The anesthesiologist can provide medication via IV to reduce
these symptoms.
e Tooth damage may occur if inserting the breathing tube is difficult.
e You may experience hoarseness or a sore throat due to the breathing tube. This usually
resolves within a few days.
e Incorrect positioning during surgery may cause nerve damage to an arm or leg, leading to

tingling or weakness. This can last for weeks. If symptoms persist, please contact us.
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Serious complications are very rare. The anesthesiologist will discuss any additional risks with you.

Spinal Anesthesia (Epidural)

This technique is used for surgeries on the lower body. An anesthetic fluid is injected into the lower
back, temporarily disabling the nerves in your lower body, including movement in your legs. You
remain conscious but can receive sedation if desired. Some people do not remember the procedure

due to sedation. Spinal anesthesia reduces the risk of nausea compared to general anesthesia.

Complications and Side Effects
e Arare side effectis a headache, which worsens when sitting upright and improves when lying
down. These symptoms usually disappear within a few days. If they persist, contact the
Anesthesiology department.
e You may have mild back pain, which typically resolves within a few days. If it worsens or does

notimprove, consult the Anesthesiology department.

Regional Anesthesia (Nerve Block)

Regional anesthesia numbs only the area where the procedure is performed. This is often used for
shoulder, arm, hand, leg, or foot surgeries. Using ultrasound and a small needle, anesthesia is
applied around a nerve, temporarily disabling sensation (and sometimes strength) in that area. This
method reduces nausea and provides better pain relief. It can be used alone or combined with

general anesthesia or sedation, depending on the procedure and patient preference.

Complications and Side Effects
e Side effects and complications are rare. This method is internationally recognized as very
safe.
o Possible side effects include inflammation or bruising at the injection site, or very rarely, nerve

damage.

If the nerve block does not provide adequate pain relief, general anesthesia may be required.
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Which Type of Anesthesia?
The anesthesiologist determines the most suitable anesthesia based on your preoperative
assessment and discusses it with you. In some cases, only general anesthesia is an option. If you

have a preference, discuss it with the anesthesiologist.

Breastfeeding and Anesthesia

If you are breastfeeding, please inform the anesthesiologist. In most cases, you can continue

breastfeeding after surgery, regardless of the type of anesthesia.

Anesthesia for Children

Children almost always undergo surgery under general anesthesia. Depending on the procedure and
the child’s health, anesthesia may be administered via a mask or an IV. The anesthesiologist will
inform you about this. If anesthesia is given via an IV, numbing patches will be applied to make the

injection more comfortable.

Children should not undergo surgery immediately after vaccination. Follow these guidelines:

e Atleast 2 days must pass between a DTP or Hib vaccine and surgery.

o Atleast 2 weeks must pass between an MMR vaccine and surgery.

Preparing at Home

You will be informed of your surgery date by the hospital’s scheduling department. This information
can also be found in your patient portal. The admission time will be communicated by phone two days

before your surgery.

Clothing and Aids
e Forknee orfoot surgery, wear loose-fitting pants or a skirt.
e [fyou have leg surgery and cannot walk afterward, bring crutches (available for rent at home
care stores).
e Forarm or hand surgery, wear a loose sweater or T-shirt. You may receive a sling, thick

bandage, or cast after surgery.
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Medication Use

Your medication use was discussed during the preoperative screening. The anesthesiologist will
upload a letter in your patient portal with instructions regarding your medications on the day of
surgery. If you must stop taking any medications, the nurse will advise you when to resume them after

surgery.

Avoid aspirin-containing pain relievers (acetylsalicylic acid) in the week before surgery. If unsure,

contact the preoperative screening.

Fasting Instructions

Following fasting guidelines is crucial to ensure your surgery proceeds as planned.

Laxation

For some procedures, itis necessary for you to undergo bowel cleansing. Your treating physician will

inform you about this.

On the Day of Admission

Upon arrival, check in at the nursing department’s reception desk. A nurse will welcome you, guide
you through the process, and ask about medication use, dietary restrictions, and your emergency

contact.

Attention
The exact time of the procedure is not guaranteed. A procedure may take longer than expected, or

an emergency case may arise. As a result, you may have to wait for some time. We appreciate your

understanding.
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Preparation in the Department

For some procedures, the surgical area needs to be shaved. The nurse will do this before the
operation using clippers. If prescribed, you will receive medication beforehand. For certain
procedures, we may also provide a painkiller in advance to allow it time to take effect. The nurse will

ask you to change into a hospital gown.

To the Operating Room

A nurse will take you to the operating complex, where an anesthesia assistant will receive you and
guide you to the preparation area. An IV will be inserted, usually in your hand. Electrodes will be
placed on your chest for an ECG (heart monitoring), and you will also receive a blood pressure cuff
and a finger clip to measure your oxygen levels. Local anesthesia is usually administered in the

recovery room.

Time-Out: An Extra Safety Check
The hospital aims to provide you with the best possible care. We work together with you to ensure a
safe procedure and carefully check everything to prevent errors. That is why we will ask you several

questions multiple times during your stay. This also applies when you undergo surgery.

When you enter the operating room, the entire surgical team will be present. Before you are placed
under anesthesia, the so-called 'time-out procedure' takes place. The surgical team (specialist,
anesthesiologist, surgical assistants, and anesthesia assistant) will verify several important details

with you.

Final Check Before Starting...
Just before your surgery, we will ask you a few final questions in the operating room for verification. We
will once again confirm your name, date of birth, and the procedure you are undergoing.
We will verbally check:
e Youridentity
e Your date of birth
e Any allergies you may have
e The specific surgery you are having and, if applicable, the side of the body

e Anyotherimportant details for the procedure
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These details are already recorded in your medical file, but this final check is essential to eliminate

any last possible errors or uncertainties. If you have any questions, feel free to ask the doctor or nurse.

After the Surgery

You will be taken to the recovery room. Once you are sufficiently awake, have good pain control, and

no complications, a nurse will transfer you back to your hospital room.

Pain Monitoring
At the hospital, we record pain levels in the nursing departments. This helps us gain better insight into
the intensity of pain you experience, allowing us to respond appropriately and in a timely manner to

manage it.

This means that we ask all patients on the ward daily to rate their pain on a scale. This is done
alongside other routine checks, such as measuring blood pressure, pulse, and temperature. Patients

who have recently undergone surgery are monitored more frequently.

Side Effects of Pain Medication

Unfortunately, painkillers can also have side effects such as nausea, vomiting, drowsiness,
constipation, and dizziness. Additionally, some people may experience sweating, dry mouth, blurred
or double vision, a full bladder, or itching. Always report any side effects to the nurse. They can
provide further explanation or consult your treating physician if necessary. If you feel nauseous or
think you are about to become nauseous, try to stay calm and avoid sudden movements. Inform the

nurse as soon as possible. They can assist you and may provide medication to relieve the nausea.
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Visitors

You may receive visitors shortly after surgery, depending on your condition. Check our website for

visitation guidelines.

Going Home

If you are admitted for day surgery, you must always be picked up; you are not allowed to go home
alone. Make sure you have someone to rely on during the first night in case you need assistance. Itis
recommended that you do not spend the first night alone. Sometimes, the doctor may decide that you
need to stay in the hospital for an extra night. This does not necessarily mean something is wrong —
people react differently to anesthesia and/or surgery. We strongly advise against working or making
important decisions on the day of your surgery. All information about your stay in our hospital can be

found in the patient brochure "Your Admission to the hospital".

Public transport, taxis, and private transportation are generally no longer reimbursed by health

insurers. However, some exceptions may apply. Please check with your health insurance provider.
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Appendix 5.2
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Appendix 5.3 Supplementary material 2: questionnaire

Questionnaire for Evaluating Awareness, Empathy, and Anxiety About Surgery
Planning

Dear participant,

Thank you for taking the time to complete this questionnaire. My name is Anneke Schouten, and |
am conducting a study on awareness about surgery planning as part of my PhD project at TU Delft.
This study aims to explore how individuals who may require surgery in the future perceive and
understand the factors around surgery planning. By gaining insights into public awareness, we hope
to improve communication and expectations around surgical scheduling and potential delays.

Your participation in this questionnaire is completely voluntary. The survey should take
approximately 5 minutes to complete. Your responses will remain anonymous and will be used
solely for research purposes. All data will be handled in accordance with data protection
regulations and stored securely at TU Delft. No personally identifiable information will be collected,
and you may withdraw from the study at any time without providing a reason.

Before starting the questionnaire, please confirm your consent to participate by checking the
box below. Only participants who actively agree to the terms described above will be able to

proceed.

O 1 have read and understood the information provided and voluntarily agree to participate in
this study.

If you have any questions or concerns, please feel free to contact me at a.m.schouten@tudelft.nl.
Thank you for your valuable input!

Best regards,
Anneke Schouten
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Introduction questions

1. Have you ever had surgery?

o Yes
o No

2. Have you ever been involved in someone else's surgery process (e.g., providing support to a
relative or assisting in decision-making)?

o Yes
o No



APPENDICES 237

Section 1

1. How likely do you think it is that your surgery could be cancelled?

1= Not at all likely
2 = Unlikely

3 = Likely

4 = Very likely

| do not know

0O O O O O

2. How likely do you think it is that your surgery could be cancelled, if you are already in the
hospital preparing for it?

1= Not at all likely
2 = Unlikely
3 = Likely

4 =\Very likely
| do not know

0O O O O O

3. What factors do you think could lead to your surgery being cancelled at the last minute,
even after you’ve arrived at the hospital?
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4. Would you be more, or less prepared if you knew the reasons why your surgery would be
cancelled?

o Less prepared
o Would stay the same
o More prepared

Section 2

5. Imagine you are a surgeon who has to cancel a surgery due to unforeseen staff shortages.
How would you explain this to the patient?

6. How would receiving this explanation make you feel as a patient?
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7. To what extend do you agree with the following statements
(Please respond using a scale from 1 to 5, where each number represents your level of
agreement.)

1 means "Strongly disagree" - You completely disagree with the statement.
2 means "Disagree" - You mostly disagree, though not entirely.

3 means "Neutral” - You neither agree nor disagree, or you are unsure.

4 means "Agree" - You mostly agree with the statement.

5 means "Strongly agree" - You completely agree with the statement.

A) Healthcare providers face difficult decisions when surgeries are cancelled.

1 2 3 4 5

B) Surgeons must balance the needs of individual patients with the hospital’s overall capacity.

1 2 3 4 5

C) | empathize with the challenges faced by hospital staff in managing resources and emergencies.

1 2 3 4 5
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Section 3
8. How anxious would you feel if your surgery were cancelled?

(Please respond using a scale from 1 to 5, where each number represents your level of
anxiety.)

1 means "No anxiety" — You would not feel anxious at all.

2 means "Slight anxiety" - You would feel a little anxious, but not much.

3 means "Moderate anxiety" - You would feel somewhat anxious, but it would be
manageable.

4 means "High anxiety" - You would feel quite anxious and uncomfortable.

5 means "Extreme anxiety" — You would feel very anxious or distressed.

9. Would you be less or more anxious if you knew the reasons why your surgery would be
cancelled?

o Lessanxious
o Would stay the same

o More anxious

10. What would help reduce your anxiety about surgery cancellations?
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Section 4: Post questionnaire

11. Name one thing you learned about surgery cancellations that you didn’t know before.

12. How did this activity change your understanding of the factors behind surgery cancellation?

I understand them better
It did not change my understanding
I understand even less.

If you have any other comments or thoughts, please leave them below:
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Post-Only Question for Intervention Group:

13. Was there an aspect of the game that helped you understand surgery cancellations better?
If yes, what was it, and why did it help?




Technological innovation is advancing rapidly in healthcare, yet many
promising solutions fail to move beyond pilots. Nowhere is this challenge
more evident than in the operating room, where complex workflows,
hierarchies, and human expertise shape what works in practice.

This dissertation investigates how medical technology interacts with
surgical care, drawing on five studies of planning processes, workflow
dynamics, and the experiences of surgical nurses. A central finding is
that technology only succeeds when embedded in clinical ecosystems,
rather than added as isolated upgrades.

The research shows that focusing solely on efficiency or workload
reduction risks disengagement if autonomy and job satisfaction are
overlooked. Instead, innovation should support — not replace — human
judgment.

The thesis concludes that technological progress outpaces organization-
al change. Bridging this gap requires treating implementation as a design
challenge, where transparency, professional involvement, and staff
well-being are central to sustainable innovation.

O



