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Preface

In front of you lies my master thesis about designing a tool that supports the decision-making
on optimisation in the operating room (OR). This is the final assignment for the graduation of
the master’s Biomedical Engineering and master's Communication Design for Innovation at the
University of Technology Delft. These studies satisfy me with a combination between the
medical field, engineering and the society, what | missed in my bachelors and would have
missed by doing one master’s.

The misunderstanding and collaboration between biomedical engineers and medical
physicians illustrate the necessity of communication, and therefore the connection between
technique, healthcare and communication. Multidisciplinary collaborations could lead to
improvements in the healthcare by more creative and out-of-the-box discoveries, and
therefore aiming for the best (solutions). An expert solely can create amazing things; however,
it does not matter how great the idea is, you always need support from the society to
implement an idea. A multidisciplinary teamwork helps us creating more support for
innovation. Therefore, the combination of the two studies helped me approaching problems
from multiple perspectives and discovering more about the relation between research and
society. It is enjoyable to work with people from multiple disciplines, and they thought me a
lot of things (not only study related).

Since everybody deserves the best care possible and healthcare is and probably will always be
(one of) my field of interest, | would love to get involved in optimising the healthcare.
Surprisingly, there is not a widely applied tool that supports the decision-making on
optimisations in the OR, even though this could save time, money and effort for many
healthcare professionals. A decision-support tool could help us optimising the OR and the
healthcare, as long as we work together, because | believe everything will work-out better with
a multidisciplinary team. My internships and this thesis are my first baby-steps to reach the
best healthcare by considering all the perspectives. During my thesis, | was given time and
space to optimise myself as well, therefore | am super grateful to my supervisors, Anneke, Eva,
John and Steven. Of course, | am also grateful for all their helpful feedback and support
throughout this thesis.

My appreciation to my friends and family is indescribable. Last two years have been a
rollercoaster, with ups and downs. Therefore, | am thankful for all the people that supported
me and stayed with me. Also thank you, for maintaining my social life, with amazing drinks,
deep conversations, delicious dinners, demanding football training sessions, frivolous chats,
relaxing walks and relevant meetings. There are so many of you (and | am also afraid to forget
someone), that | am not going to call names, but you know that | am talking about you and
that | appreciate you so much!

Karlijn E. van Beekum

December 2022
Rotterdam



Executive summary

The operating rooms (ORs) are an essential part of the hospitals, for among others the
performance of the surgeries (Bovim et al., 2020; Kheiri et al., 2021) and their share in the
hospital’s revenue (Erekat et al., 2020; Makboul et al., 2022; Naderi et al., 2021; Zhang et al.,
2020; Zhang et al., 2021). Since the medical world is in constant evolution (Chasseigne et al.,
2020) and optimising the OR is a hot research topic in the whole (prosperous) world (Britt et
al., 2021; Chasseigne et al., 2020; M’Hallah & Visintin, 2019; Sagnol, 2018), almost half of the
innovations of the medical technology sector is focused on the ORs (Schouten, 2021). These
innovations are necessary due to the regulations for the quality of care and the restrictions on
the budget of hospitals and laws (Zhang et al., 2020; Zhang et al., 2021). Due to the complexity
and the high number of innovations for the OR, it is necessary to choose between the several
aspects and innovations, indicating that healthcare professionals (HCPs) should decide which
optimisation is worth the money, time and effort to invest. These decisions are aiming to
optimise the OR, a good implementation and a sustainable decision (Morgan & Angelos, 2022).
Currently the decisions are influenced by the HCPs interpersonal relations and personal
experience (lacopino, 2018). Decision-making requires a mutual vision (Littlejohn et al., 2017)
and should be based on evidence (Turner et al., 2017). To improve the well-informed decision-
making, the aim of this study is to develop a decision-support tool for healthcare professionals
that guides the selection of objectives and assessment criteria for performance optimisation of
the OR and accounts for the impact of an optimisation on the total system.

The main research question is: “How can a decision-support tool for optimisation in the
operating room help a healthcare professional to select the objectives and the assessment
criteria for performance optimisation of the operating room and the optimisation impact?”.
The evidence for the tool consists of the objectives, the assessment criteria and the causalities
that express the impact. Hereby, the definition of the objectives of the optimisation states the
purpose of the optimisation of the OR performance and the assessment criteria (metric) to
quantify (the optimisation of) the performance of the OR. The objectives en assessment
criteria (i.e. “metrics”) are classified in general levels (“factor”) and more specific levels
(“characteristics”). Based on an extensive literature study (84 articles), this study found 14
objective factors and 19 objective characteristics, that express the objectives of the
optimisation of the performance of the OR. Next to that, there are found 133 combinations
between metric factors and metric characteristics, with 70 types of metric factors and 42
metric characteristics. In total 223 relations between the objectives and the metrics have been
found, taking in account the objective and metric combination. It can be concluded that there
is a high heterogeneous perspective on the objectives of the optimisation of the performance
of the OR and the criteria of assessing the quantification of (the optimisation of) the OR
performance, which makes it harder to create a mutual vision on the OR performance. To
understand the impact of an optimisation on the OR performance, 56 articles have been
studied to define causal relations between minimal two metrics. There are 42 metrics found
with 253 causal relations, out of 56 articles. These causalities can be generalised into eight
general metrics resulting with 51 general relations. Meaning that optimisations are most likely
to impact other metrics, and therefore indirectly to (the optimisation of) the performance of
the OR.

Due to the high heterogeneity in the perspectives of the objective and the metric of the
optimisation of the OR performance, the causal relations between all the aspects and the
complexity of the OR (Van Beekum, 2022), many aspects and a lot of information should be
considered while decision-making. Besides that, the influences of the optimisation on the total
performance of the OR are often unknown (Leinonen et al., 2008), and mapping the impact of
an optimisation is a step that is often skipped in the decision-making process (Guo, 2020). The



perspectives of the HCPs are important, since they have the knowledge and the experience of
the work setting. However, currently the professionals often focus on the metric and the
desired result, without taking in account all the impacts (Leinonen et al., 2008) and take
decisions based on personal experience. For a successful implementation of an optimisation, a
mutual vision and support are required (Littlejohn et al., 2017). To achieve a mutual vision, a
holistic view and consider all the perspectives, including the impact of optimisations, the HCPs
should all share their perspectives on the objectives and the situation should be considered in
its whole (Leinonen et al., 2008; Littlejohn et al., 2017). Therefore, the decision-making process
could benefit of a decision-support tool, with as design aim: “Designing a support tool that
enables and standardised the decision-making process of HCPs on optimisation for the OR by
providing a holistic view of the performance objective and its metrics”. The three main design
requirements are: Availability, Insight in impact and User-friendly, therefore the tool has to be
easily applicable in several situation and by several HCPs and provide correct information for
the decisions.

In this study a new tool is developed, namely the Performance Operating Room Counselling
(PORC-)tool. This tool provides a holistic view of the OR performance (optimisation), to
support a conversation about the perspectives on objectives and the metrics and stimulate a
clarification of the objectives and methods for the optimisation. This enhances to share
perspectives, which could lead to a mutual vision (Littlejohn et al., 2017). Therefore, creating a
holistic view, causing HCPs to think about their objectives for the OR, how this could be
achieved, and sharing (different) perspectives on the objectives or assessing criteria,
contributes to a well-informed decision on the OR performance and evaluate options by
indicating the (in)direct impact of an optimisation on the OR. The tool is based on the concepts
flowchart, matrix table and Microsoft Excel. The matrix table provides an overview of the
objectives, the assessing criteria, relations and causalities of the OR performance, the
flowchart guides the HCPs through the steps and Excel is the running-programme. The PORC-
tool consists of an Excel file, a brochure and a manual with a more elaborated version of the
functionality and the steps. The PORC-tool provides a clear and structural overview with
evidence, to gather information more easily, provides multiple perspectives on the OR
performance and supports to gather more insight into the OR organisation and goals before
the decision-making of the HCP. Therefore, this tool can accommodate the HCPs to better align
and standardise the process and outcomes with the values, needs and expectations, to
accelerate the constructive decision-making, and creates a simple opportunity for
multidisciplinary learning. This tool can also be used during an implementation or a design
process, to validate if the project is still on the desired track or if the HCPs are still on the same

page.

The holistic view, created in the PORC-tool, is based on the objectives and the assessment
criteria of the OR performance optimisation. The perspectives and opinions of stakeholders in
practice are not considered. Co-design and multidisciplinary collaboration improve the results
of studies (Leinonen et al., 2008; Sanders, 2008), therefore the PORC-tool should be validated
in practice and the functionality should be approved by HCPs. In the future, the tool can also
be extended on perspectives, field of interest, aesthetics and functionality.

To conclude, the answer to the main research question is that the HCPs should be facilitated to
consider the whole complex system in their decision-making process. There are many
perspectives on the objectives and metrics of the OR performance optimisation clarified, and
relations between the objectives and metrics discovered, which is considered as evidence.
Therefore, a tool that clarifies the holistic view facilitates the HCP to take a well-informed
decisions. The PORC-tool supports decision-making based on a holistic view by presenting a list
of the relations between objectives and metrics and a list of the impact of metrics on each



other. The PORC-tool supports starting the conversation on the perspectives on the objectives
and metrics to create a mutual vision, considering the created holistic view of the OR
performance. Besides that, it provides evidence for decision-making and supports the HCPs
with structure and information for the decision-making process.

Vi
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MRQ Main research question 3
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Glossary

Description Definition? Page?
. The relation between cause-metric and result-metric, in this study in
Causality . 4
the metrics.

Characteristic? The specification of the general level of the objectives and/or metrics. 18
The words that describe and represent the themes of the terms,

Code written with a capital, which can be an objective or metric and factor 17
or characteristic.

L The relation between the factor and the characteristics of the

Combination .. . 18
objectives and/or metrics.

Critical node The aspect of the current situation that causes the problems. 4

Excel Excel is a Microsoft 365 spreadsheet-programme focussing on 17
calculating and data analysing.

Factor® The general level of the objectives and/or metrics. 18
Staff that gathers information of the medical OR for a hospital or

Healthcare . . . . . S .

. university research, including medical staff, scientist and hospital 1

professional

management.
D The view of (the optimisation of) the OR performance concerning the

Holistic view ( P ) P g 37
complete system.

Innovation All kind of optimisations that improve the OR by among others the 1
technique, strategy, equipment, design, analysis and/or model.

. The assessment criteria to measure the optimisation of the

Metric 3
performance of the OR.

Operatingroom A room in a medical hospital where surgeries are performed. 1

Performance of L - .

the OR The functioning in/of the OR to reach the goals of a sufficient quality. 2
The sentence that is marked in the scientifical articles, mostly

Phrase explaining the purpose of the OR, the goal of the innovation in the OR, 17
and the methods to quantify the performance optimisation of each
article.
The level of specification for the optimisation, namely objective

Terms factor, objective characteristic, metric factor, metric characteristicand 17
unit.

Unit The determinate quantity that expresses a standard of measurement. 22

! The definition used in this study.
2 First-mentioned on this page.
3 Combined with objective or metric, indicating the level of the terms.
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Term Definition? Page?
The ability to obtain or use healthcare at the OR, this includes services
Accessibility (range of diagnose, number of resources and safety) and 19
geographical, financial accessibility.
The number of certifications for being officially recognised, accepted,
Accreditation or approved of performing a certain act, expressed in number or 26
quality.
Authority The degree of !egdershlp during a treatment and who is in control and 26
makes the decisions, mostly the surgeon.
Bed utilisation The degree to which the ward-beds are used in an effective way. 25
Behaviour The way the medical staff is treating or acting in the OR and the 34
effects on the other stakeholders.
Cancellation The number of surgeries that are annulated, expressed in number. 30
The effects of the treatment on the patient and therefore the
Care outcomes ., .. . 19
patient’s health condition over time.
Coaching (#) The feedback and coaching based on videos and audio, expressed in 26
g number of frequencies by the HCP to other staff.
. The amount and the quality of information transmission between
Communication 25
stakeholders.
Complication (#) The number of complications occurring during and after the surgery. 26
Cost The financial cost in/of the hospital. 27
The organisational environment of the hospital, including the general
Culture 30
norms and values of a group.
Deaths (#) The number of deaths during or after the surgery. 24
Decision-making The process of.deudmg during thg surgery about the treatment and 25
the after-care in number and quality.
. The number of patients that can leave the hospital (ward) according
Discharge . . . . 33
to the medical professional, expressed in number of discharges.
Distributi
|str|but|on The number of deliveries of resources to the OR. 47
equipment
Education The quality and content of the education for the medical staff. 24
Equipment type The number of (set of) tools for the surgery in the OR. 25
Ergonomics The degree to which the sta.1ff can work in an appropriate posture or 26
the posture of the staff during the surgery.
Finance The management of money, the business and investments. 18
Hygiene The degree to WhIC.h people keep themselves or the environment 29
clean, to prevent diseases.
. The period of time that the medical staff or the OR is not being used,
Idle time ) o . 29
despite the fact that it is available.
Inventory The amount of equipment and resources in stock and available to use. 47
Length of stay The. number of days that the patient had .to stay in the hospital for 23
their treatment and recovery, expressed in numbers.
. The amount of work that need to be performed to keep the OR and its
Maintenance . . o 24
equipment/resources in good condition and usable.
The control of the organisation, including the administration, board
Management ) . 19
and its policies.
Money ($, €) The amouryt of money that a certain action or material costs, 23
expressed in dollars or euros.
Morbidity The degree of the patient’s condition of chronic (long-term) and age- 24

related diseases, expressed in numbers.

XVi



Term Definition? Page?

Mortality The' numbgr of deaths cau§ed by an event or illness over a specific 24
period of time, expressed in numbers.

Operational The arrangements and tasks required to control the operation of 18

performance a plan or organisation.
The amount of time that is blocked in the OR schedule for a certain

OR block . 47
treatment, expressed in number of blocks.

OR break The Perlod of time that is used for an interruption in work shifts of the 24
medical staff.
The period of time that the medical staff or the OR is being used,

OR overtime despite the fact that it should be available to be used for the next 24
surgery.

OR time The time period that the OR is in use, expressed in percentage. 24

OR utilisation The dggree to which the opening hours of the ORs are used in an 24
effective way.

Patient (health) The quality of the physical condition and fitness of the patient, 19

condition including sickness and the life(style) circumstances of the patients.

Patient flow (T)P;{e transfers of patients through the hospital; from the ward to the 19

Patient health: The amount of blood loss from the patient during the surgery, 26

Blood loss (mL)  expressed in mL.

Patient health: The blood pressure of the patient during the surgery, expressed in

Blood pressure P P g BeTY, Xp 26
mmHg.

(mmHg)

Patient health: The heart rate of the patient during the surgery, expressed in beats

Heart rate per minute P & Bery, eXp 26

(bpm) '

. The number and the quality of the guidelines for the treatment and

Policy o 23

the degree that these guidelines are followed up.
) The amount of money that is earned in trade or business after paying

Profit . . . 30
the costs of producing and selling goods and services.

Quality-of-care The value of healthcare services for individuals and populations to 18

y increase the likelihood of desired health outcomes.

The equipment, means and materials for the treatment and after-

Resources 19
care.

Responsiveness The time period and quality of t.he rc?actlon to an emergency case and 79
the degree of alertness of the situation.

Revenue The amount of income that a hospital receives regularly. 30
Health services for individuals and populations providing a safe and

Safety risk-free healthcare, with the intention of the best outcomes for the 19
patient and staff.

Satisfaction The fulfilling/achieving the need or desire of the act for a certain 19
stakeholder.

. The amount of money that is not spend/invested and therefore is

Savings 24
kept on the bank account.

Schedule The quality of the OR schedule. 24

Service All provided types of activities within the hospital and OR, except the 19
task surgery.

. The number, duration and type of working (hours) during the day or

Shift . ) . 29
night, expressed in number of shifts.

Skill The level of ability to perform or practised a treatment, this includes 24

cognitive, nontechnical and technical skills of the staff.
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Term Definition? Page?
Staff (health) The quality of the physical condition and fitness of the staff, including 19
condition sickness and the life(style) circumstances of the staff.
Staff The performance of the individuals of the medical staff during the 18
performance surgery or after-care.
Staff The fulfilling/achieving the need or desire of the act for the medical 47
satisfaction staff of the hospital
Surgery . .
duration The time period to perform a surgery. 29
Surgery The level of time and staff is used in a good way (without any waste) 26
efficiency during a surgery.
Surgery volume  The number of surgeries performed in a time period. 22
Surgical The results of accomplishment and its quality of the surgery 47
performance completes by the medical staff.
Survival The number of patients that survive the surgery. 23
Tasks (#) The number of tasks performed by the staff, expressed in number. 26
Team The group of medical professionals that perform care in the OR. 19
Team structure The' type of medical professionals that are involved with the team 47
during a treatment.
Teamwork The c'oIIaboratlon of the group of medical professionals that perform 47
care in the OR.
Ti
ime (days, The number of days, hours or months. 25
hours, months)
Time: Delay The period of time that is spend to delay (later start as planned on
. 25
(hours, #, %) beforehand) or the number or percentage of delayed surgeries.
Time: OR time The period of time that is spend in the OR. 25
(hours)
Treatment type  The types of surgeries that are performed. 22
Trust The believe in capability and truth in the team or medical staff. 33
The number of tasks that can be perform in a certain time period in
Turnover OR 23
The aim to improve patient outcomes while optimising the use of
Value-based o ) .. .
hospital’s resources among medical personnel, administrations and 18
healthcare . . .
support services through an evidence-based, collaborative approach.
The number of people, who desire care, that are put on list since
Waiting list there is no care available yet, expressed in number of patients onthe 29
list.
The number of materials that is ditched or the amount of unnecessary
Waste . s 30
or wrong used materials, expressed in kilogram.
The number of medical staff who work in the hospital or department,
Workforce . . . 25
expressed in number of staff per patient to provide work.
The amount of work and the number of tasks that needs to be
Workload 25

performed by the medical staff.

! The definition used in this study.
2 First-mentioned on this page.

Note: only the descriptions that occurred in the text are mentioned in this table. The other

codes of the tool, including the definitions, can be found in Appendix B.
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1 Introduction

The operating room (OR) is visited by 60-70% of the admitted patients (Bovim et al., 2020;
Kheiri et al., 2021) and there are annually 234 million major surgeries in the world (World
Health Organisation [WHO], 2021c). Therefore, the ORs of the hospitals are essential in the
healthcare. Consequently, optimising the OR is a hot research topic in the whole (prosperous)
world (Britt et al., 2021; Chasseigne et al., 2020; M’Hallah & Visintin, 2019; Sagnol, 2018); a lot
of hospitals are aiming to improve the expenditures, time management, utilisation or quality
of the healthcare (Britt et al., 2021). Due to the many aspects, as finance, instrumentation,
scheduling and staff, and the impact on the care, ORs are important, but also complex
components in hospitals (Van Beekum, 2022).

The budgets of the hospitals are restricted (Zhang et al., 2020; Zhang et al., 2021) and given
that the ORs are one of the costliest departments of the hospital (Erekat et al., 2020; Kheiri et
al., 2021; Makboul et al., 2022; Naderi et al., 2021; Xiao & Yoogalingam, 2021; Zhang et al.,
2020; Zhang et al., 2021), the hospitals in prosperous countries aim for optimisation of the OR.
However, the ORs and the intensive care unit (ICU; Zhang et al., 2020; Zhang et al., 2021), are
one of the main revenue sources of the hospital (Erekat et al., 2020; Makboul et al., 2022;
Naderi et al., 2021; Zhang et al., 2020; Zhang et al., 2021); probably somewhere between 40%
(Erekat et al., 2020; Makboul et al., 2022) and 67% (Bovim et al., 2020) of the hospital
revenues and therefore also qua finance essential for the hospitals. The optimal utilisation of
ORs is vital for the costs/service delivery which can be increased by decreasing the waiting
times (Naderi et al., 2021), reduce the number of required resources (Burdett & Kozan, 2018)
and increasing the admissions (Burdett & Kozan, 2018; Naderi et al., 2021). Due to the
restrictions, many hospitals are struggling to guarantee the quality and efficiency of their
services (Zhang et al., 2020; Zhang et al., 2021), to achieve this the ORs should work quickly
and efficiently, and use the resources wisely (Burdett & Kozan, 2018). To guarantee the
quality, the World Health Organisation (WHO) called for more research to (improving) patient
safety (World Health Organisation Europe [WHO Europe], 2021; WHO, 2021c), since half of the
unintentional harm to hospitalised patients occurs in the OR (Boet et al., 2021) and one in ten
patients suffers from a form of preventable harm in Europe (WHO Europe, 2021).

The medical world is in constant evolution (Chasseigne et al., 2020) and almost half of the
innovations of the medical technology sector are focused on the ORs (Schouten, 2021). Even
though they are facing the pressure to optimise (Xiao & Yoogalingam, 2021), the
implementation of the innovations remains difficult (Morgan & Angelos, 2022). Some of the
issues are the transition from innovation to acceptance in practice and the lack of
responsibility for long-term oversight (Morgan & Angelos, 2022). Despite the difficulties with
the implementation, the development of new techniques and technologies is crucial for the
progress of surgery (Morgan & Angelos, 2022; Xiao & Yoogalingam, 2021). Nevertheless, the
literature does not focus on one specific aspect of optimising the OR and therefore creates
different innovations and optimising strategies (Schouten, 2021; Van Beekum, 2022). Besides
that, the optimisations are all performed under different circumstances, like type of hospital,
department, patients, staff, diseases and phase in the OR (Van Beekum, 2022). Since the
opportunities for improving the OR are overwhelming, the many innovations and the
complexity of the OR, a difficult situation is created for the healthcare professionals (HCPs);
staff that has knowledge of the healthcare and the OR itself and gathers information of the OR
for a hospital or (university research), including medical staff, scientist or hospital
management.



1.1 Problem statement

The HCPs of prosperous countries often state that the ORs have to optimise (Naderi et al.,
2021); however, it has not been defined in what aspect should be optimised (Van Beekum,
2022). The HCPs are trying to find the most preferably/best state of the OR (Guo, 2020), this
state could be characterised as the performance of the OR and most preferably/best depends
on the individual’s perspectives. The HCPs have to decide what type of innovation or research
they would like to implement/perform to optimise the OR performance. This (optimisation of
the) OR performance can be defined as the functioning in/of the OR to reach the goals of a
sufficient quality (Guo, 2020). Due to the complexity and the high number of innovations for
the OR, it is necessary to choose between the several aspects and innovations for the OR for
the optimisation.

Currently, many decisions about the optimisation are made based on emotions, individual
reaction (attitudes and perception) and experience (lacopino, 2018), but should be based on
evidence (Turner et al., 2017). Social networks and social capital theory indicates that
individuals’ choices and behaviours, also in the medical field, are strongly affected by
interpersonal relationships (lacopino, 2018). This is leading to decisions that differ per person
and situation, wherefore no standard policy can be defined. The evidence, research findings,
local data or professional experience, can also be interpreted in different manners by different
professionals (Turner et al., 2017). According to Littlejohn et al. (2017), it is important to have
a mutual vision on the goal and method (of optimisation) before the decision is taken.
Therefore, the decision should be taken in a well-informed and evidence-based manner, and it
is good to anticipate on the effects of the decision as well (Guo, 2020).

The literature provides a lot of opportunities and options to optimise the OR; however, to the
best of the authors knowledge, there has been limited research to the impact of an
optimisation on the performance of the OR and to supporting the HCPs in their decision-
making process. Therefore, more research is required to help the HCPs for the decision-making
on the overwhelming options of the OR. Considering this all, the aim of this study can be
defined as: “To develop a decision-support tool for healthcare professionals that guides the
selection of objectives and assessment criteria for performance optimisation of the OR and
accounts for the impact of an optimisation on the total system”.

The OR is an essential part of the hospitals, due to the many surgeries that are required
and due to their share in the hospitals revenue. However, the OR deals with regulations for
the quality and restrictions on the budget. Therefore, the OR requires to optimise. Due to
the complexity of the OR and the personal relations of the HCPs, the decision-making on
optimisations could be hard. Therefore, the aim can be defined as: “To develop a decision-
support tool for healthcare professionals that guides the selection of objectives and
assessment criteria for performance optimisation of the OR and accounts for the impact of
an optimisation on the total system”.




2  Goal of study

The aim is to develop a tool to provide insight in the impact of an optimisation on the
performance of the OR and guide the HCPs in decision-making on the OR optimisation process.
To provide more understanding in the problem and to reach the aim, the research questions
are defined in this chapter. Later on, in this chapter, the scope and the relevance of the study
and the thesis structure of the rest of this report will be presented.

The intended result of this research is to produce a decision-support tool that helps the HCP to
make an integral (design) choice and evaluate options by indicating the goals of the
optimisation and the (in)direct impact of an optimisation on the OR performance. The output
of the tool should provide insight in the several goals for the OR and the assessment to
measure this optimisation on the performance by an innovation. From now on, the assessment
criteria to measure this improvement on the performance will be called the metrics.
Theoretically, this would provide more insight in the performance of the optimisation and the
OR, and in practice, this could guide the HCPs with the decision-making on an optimisation to
solve problems or optimise for the OR. The tool is intended for the HCPs that have a saying in
the optimisation, the decision-making or the purchase of an innovation for the OR.

2.1 Research questions
In order to find the goal of this study, the main research question (MRQ) is defined as follows:

“How can a decision-support tool for optimisation in the operating room help a healthcare
professional to select the objectives and the assessment criteria for performance optimisation
of the operating room and the optimisation impact?”

For the intended tool, it is significant to state the objective (of the optimisation) of the
performance of the OR, expected that there will not be found one singular objective, since
“optimisation of the OR” had a high heterogeneous definition (Van Beekum, 2022).
Afterwards, the assessment criteria of the performance optimisation (metric) should be
defined and considering the results of Van Beekum (2022), it is assumed that they influence
each other, which indicates the complexity of the OR. The following three sub research
questions (SRQs) are linked to the MRQ (Figure 1) and are defined as:

“What is the definition of the performance of the operating room
SRQ1: according to the healthcare professionals to identify the objectives of
optimising the performance of the operating room?”
“What are the assessment criteria to quantify the performance
optimisation of the operating room?”
“How are the assessment criteria and the objectives of the operating
room related to each other?”
“How are the assessment criteria of the operating room performance
optimisation affecting on each other?”
“What means can be developed to support decision-making on the impact
of an optimisation on the performance of the operating room?”

SRQ2:

SRQ2a:

SRQ2b:

SRQ3:



definition ofThe

What is the
performance of
the operating room
according to the
healthcare professionals
to identify the
objectives of optimising
the performance of the
operating room?

objectives and the
assessment criteria for performance

How can a decision-support tool for
optimisations in the operating room help a developad to support
healthcare professional to select the decision-making

What means can be

on an optimisation of
the performance of the
operating room?

What are the
assessment criteria to
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performance
optimisation of the
operating room?

How are the
assessment criteria and
the objectives of the
operating room related
to each other?

How are the
assessment criteria of
the operating
room performance
optimisation affecting
on each other?

Figure 1: The main research question (MRQ) with the connecting sub research questions (SRQs).

The questions will be answered based on the double diamond concept (Design Council, 2021),
as presented in Figure 2. The double diamond is a clear, comprehensive and visual description
of the design process, that represents a process of exploring an issue more widely or deeply
(divergent thinking) and convergent thinking focusses on action (Design Council, 2021). The
project started with a challenge, namely the decision-making process in the OR. The first
diamond is for “understanding the problem” by defining the goals of (SRQ1) and the measuring
(SRQ2) of the OR performance optimisation and their relations (SRQ2a) and causalities
(SRQ2b). The first diamond is larger than the second for this study, since understanding the
problem requires more time and effort than the design process (second diamond). The second
diamond is an iterative process, starting from the critical node (the problem in the current
situation), to identify the means for the decision-making (SRQ3) and develop the tool. The end
result is a decision-support tool, which helps to answer the MRQ.
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Figure 2: Overview of the double diamond (Design Council, 2021), including the research
questions per step (in the black circles).



2.2 Scope of work

The focus of this study is on the decision-making of the objectives and assessing criteria of the
optimisation of the OR performance and understanding the impact of an optimisation, since
there is a limited amount of research covering this. In this study, the term optimisation will be
used for all kind of innovations that improve the OR by among others the techniques,
strategies, equipment, designs, analysis and/or models. There is focussed on the OR
exclusively, indicating that, the acts performed (partly) outside the OR are not considered.
Besides that, the ORs are general surgery area, therefore image equipment is not available and
the innovations are not disease-, instrument- or surgery-specific. The ORs of academic and
non-academic hospitals, excluding the private and military ones, are taken into consideration.

The studied ORs are in prosperous countries (located in Australia, Canada, Northern Europe,
United States of America and Western Europe), since is assumed that those ORs are well-
developed and optimisation is in a well-developed stadium. To take in account the most
developed researches and most relevant innovations, the most recent time-period is
considered, namely the last five years (January 2017 — March 2022).

2.3 Relevance

Currently, the hospitals have to consider many aspects when innovating, such as costs, quality
of care, satisfaction of the patients and of the employees (Britt et al., 2021; Van Beekum,
2022). It is attempted to provide decision-support tool to provide insight in the impact of an
optimisation on the performance of the OR and helping the HCPs to make decisions on the OR
optimisation process. The relevance will be perceived from two perspectives; biomedical
engineering and communication (design) perspective.

Due to the high costs (Zhang et al., 2020; Zhang et al., 2021) and the high global volume of
surgeries per year (WHO, 2021c), the OR is required to optimise. To decide on optimisation,
multidisciplinary teams need to develop a common goal/view on the performance
optimisation (Littlejohn et al., 2017). This study should provide insight in the impact and
consequences of an optimisation, by supporting the HCPs in their decision-making process, as
among others aiming saving time and costs. In the comprehensive healthcare agreement 2022
of the Netherlands (Dutch: Integraal Zorgakkoord 2022) is stated that the government is
aiming for more value-driven care, whereby the care is verifiable effective and has added value
for the patient. This study could provide a tool to make the next step in this goal, since it
should provide a more general vision on the performance of the OR and help the HCPs to
define their goals for the OR. The tool can help the decision-making process on a research level
and within hospitals, since it applies several aspects of healthcare, including finance, inventory
management, information processing, outpatient clinics and inpatient setting.

This study helps to accelerate the decision-making process, by providing structure and
information to the HCPs. The tool can support the decision-making process by anticipating on
the consequences/impact of an optimisation, in order to better align with the goals and the
desires of the hospital. The decisions will be more constructive and considered, and therefore,
more sustainable (Guo, 2020). This tool can support (collective) decision-making and provides
an opportunity for multidisciplinary learning (Littlejohn et al., 2017). With gathering an insight
in the impact and consequences of an optimisation, the HCPs can better define their
goals/desires, and better align the process and outcomes with the values, needs and
expectations (Littlejohn et al., 2017). The several visions can be brought together and create a
shared vision within the multidisciplinary team (Littlejohn et al., 2017). To create a more
general vision, it is important to have substantive knowledge of the technical field, and clarify
the knowledge to professionals or laymen.



2.4 Thesis structure

This thesis consists of 11 chapters, based on the double diamond structure, as can be seen in
Figure 3. This project started with a challenge, namely the decision-making process in the OR,
which is identified by a narrative literature study in Chapter 1 and leading to the research
guestions in Chapter 2. “Understanding the problem” starts with defining the problem with
gathering background information of the OR and the decision-making processes (Chapter 3)
and a systematic literature study to the objective of (SRQ1 in Chapter 4) and methods of
measuring the performance optimisation (SQR2 in Chapter 5). The “discover” phase
(converging part of the first diamond) is answered by a literature study to the relations
between objectives and metrics (SRQ2a in Chapter 5) and the causal relations between the
metrics (SRQ2b in Chapter 6) of the performance optimisation of the OR. The results of the
decision-making process and the OR performance optimisation lead to a critical node and the
design aim, by problem identification in Chapter 7. Chapter 8 is the starting point for the tool
and will cover the design process. Based on design criteria, concepts and the Harris profile
method (SRQ3; Roozenburg & Eekels, 1995), the “design to deliver” phase starts by developing
the tool. After choosing between the concepts, the final design and answer on the MRQ, is the
delivery of the design, which is done by design methods in Chapter 9. The tool and the process
will be evaluated and discussed in Chapter 10 and 11. Every chapter ends with a blue outlined
box, representing a summary of the chapter.

Understand the problem Design to deliver

Define Discover Develop Deliver

Relation of
_BackgrOL_md ob]ectlyes &
information metrics

Final design

(SRQ2a) Design concepts decision-support
(SRQ3) tool
i J’ (MRQ)
@ @ @ “ (5
Objective of
Introduction & the OR Causal Evaluation
research performance relationships decision-support
questions optimisation between metrics tool

(SRO1) (SRQ2b)

@ i Narrative literature review
Metrics of - i )
the OR @ Systematic literature review

performance —— Problem identification
ODt(igWFLESZEi)OH Critical node & Design criteria, concepts & Harris profile
design aim Design methods
Case study

Figure 3: The approach for this study with the deliverables in the boxes, the colour of the
outline of the boxes presents the method of receiving the deliverables. The corresponding
chapters (Ch.) in the black circles. On the background the double diamond (Design Council,



This study answers the MRQ: “How can a decision-support tool for optimisation in the
operating room help a healthcare professional to select the objectives and the assessment
criteria for performance optimisation of the operating room and the optimisation impact?”,
by defining the objectives of the operating room (SRQ1) and the assessment criteria (SRQ2)
to quantify the performance of the OR. The relation between the objectives and the
assessment criteria (SRQ2a) will be studied. The impact of an optimisation on the OR
performance will be studied by causal relations between the metrics (SRQ2b). To result
intentionally in a decision-support tool that helps the HCP to make an integral (design)
choice and evaluate options by indicating the (in)direct impact of an optimisation on the
OR and the goals of the optimisation. For answering these questions, the double diamond
approach is used and there is only looked into ORs exclusively from prosperous countries.
This tool should support better, constructive and more sustainable decisions, due to
knowing the optimisation impact, and accelerate decision.




3 The OR and its decision-making process

To create more insight in and background knowledge of the OR and the stakeholders, this
chapter discusses the purpose, the team and the design of the OR. For performance
optimisation of the OR, the HCPs are required to take decisions about optimisations for the
OR, therefore, the decision-making process of HCPs in hospitals and universities is discussed.

3.1 Operating Room

The OR, also called operation room or operation suite, is a room in a medical hospital where
surgeries are performed (Merriam Webster, 2021). A surgery is an invasive procedure; a
procedure that penetrates the protective surfaces of a patient’s body (Burlingame, 2014).
Simultaneously, the patient will require physiological monitoring and is anticipated to require
active life support (Langlands, 2021). According to Bovim et al. (2020) and Kheiri et al. (2021),
60 to 70% of the admitted patients will visit the OR, since they require a form of surgical
intervention.

The OR has many facets in their regular care, as finance, instrumentation, scheduling and staff
(Van Beekum, 2022), but besides all the planned surgeries, it is also expected that the medical
professionals of the ORs act responsive to emergency arrivals (Xiao & Yoogalingam, 2021) and
treat the patients quickly (Burdett & Kozan, 2018). The ORs are required to be in close contact
with other departments, since the ORs function in synchrony with the postoperative hospital
units, as the PACU (Debats et al., 2021; Kheiri et al., 2021). Everything together makes the OR a
complex system (Van Beekum, 2022).

3.1.1 Design
An OR is defined as a room in the surgical suite that meets the requirements of a restricted
area and is designated, and equipped for performing surgical operations or other invasive
procedures that require an aseptic field (Burlingame, 2014). In 1884, the first OR was built out
of wood (Clemons, 2000), fortunately, the OR has changed over time (Adams et al., 2016) and
a picture of a current OR is shown in Figure 4. The requirements for the OR in prosperous
countries include functional measurements, as lightning and area (WHO, 2021c); hygiene
measurements for the OR, as air filters (Clemons, 2000; Langlands, 2021; WHO, 2021c);
hygiene measurements for the staff, as protective equipment WHO, 2021c); and equipment
requirements, such as a defibrillator, a MAYO and a stool (World Health Organisation [WHO],
2021b).

Figure 4: The interior of an OR
in Leiden University Medical
Centre (LUMC; LUMC, 2021),
including an operating theatre
table, operating theatre lights,
vital signs monitor, pulse
oximeter, stools and an
electrocardiogram.




3.1.2 Team
A surgical team in prosperous countries consists of at least three different medical
professionals (WHO, 2021c): surgeon, anaesthesiologist and nurses. The surgeons and the
nurses can be divided into different levels of professionality. Within the group of surgeons,
there are consultant surgeons, associate specialist surgeons, specialty surgeons, specialist
surgical registrar and core training doctor, (Royal College of Surgeons of England, 2022).
Nurses in the OR can be divided over certified registered nurse anaesthetists (CRNA) and
operating nurse, sometimes complemented by a surgeon-assistant (WHO, 2021c). Per
prosperous country the team can differ in number and in level of professionality; however,
there will always be at least three type professionals present during a major surgery.

The process of a surgery in the OR can be divided in four phases for the team; scheduling,
preoperative, operative and postoperative (LUMC, 2021; WHO, 2021c). The surgical team is
involved in three stages of surgery; preoperative, operative and postoperative (WHO, 2021c).
The patient has or undergoes several situations as well, although this will mainly be organised
or directed by the operating nurse. In the scheduling phase, the administrative staff determine
the location, timeslot and medical professionals (WHO, 2021c).

The surgeon, the medical doctor specialised in surgical training, performs the operation and is
the highest in hierarchy (Wakeman & Langham, 2018; WHO, 2021c). The surgeon is
responsible for the surgical performance (WHO, 2021c) and decide on the type of treatment
by having a conversation with the patient (LUMC, 2021). They prepare the patient for its
surgery and check the personal information, such as name, medical problem and date (LUMC,
2021; WHO, 2021c). The pain management and patient safety are the responsibility of the
anaesthesiologist and the CRNA (WHO, 2021c). The anaesthesiologist performs the
anaesthesia safety check, connects the patient with the pulse oximeter (WHO, 2021c) and
gives the anaesthetics (LUMC, 2021; WHO, 2021c). During the operative phase, the
anaesthesiologist is taking care of holding the stability of the bodily functions (LUMC, 2021). In
an increasing number of hospitals, the CRNA takes the tasks of the anaesthesiologist
(supervised) over (WHO, 2021c). The operating nurse supports and provides assistance to the
surgeon by performing the comprehensive care, assistances the pain management during the
surgery (WHO, 2021c). In the beginning, the nurse does a routine examination (LUMC, 2021) to
check the patient’s physical condition (WHO, 2021c) and prepares the patient for the surgery
(WHO, 2021c). Besides that, the nurse is responsible for the instrumentation and
administration during the surgery (WHO, 2021c).

The whole team is in the end performing the surgery and they are helping out each other
during this process (WHO, 2021c). Besides that, the surgical team has to work with the staff
members from the other departments, since they are in synchrony with the postoperative
hospital units (Debats et al., 2021; Kheiri et al., 2021). In the beginning of the operative phase,
they discuss the surgical and medical potential issues (WHO, 2021c). The surgeon and
anaesthetist together provide the patient handover to the recovery practitioner (WHO, 2021c).
In Appendix A, all the tasks of the team members, together with the goals and the process for
the patients are presented.

3.2 Decision-making

Decision-making on an optimisation in the OR can be made at different levels: solving a
problem, researching the current situation and inventing a new technique; or at different
institute levels: as a hospital and a university. All of the HCPs start with the questions; what,
when, where and why, to come up with a research topic (Sararaks, 2008). “Who are taking the
decisions?”; “What is decided?”; “Where are the decisions taken?”; “When are the decisions



taken?” and “Why are the decisions taken?”. In this study, the decision-making process is
important, therefore an elaborated answer will be formulated to the “how” interrogative
pronoun: “How are the decisions taken?”. The first five question will be (shortly) answered in
the next paragraphs, for the last question a more elaborated answer is stated, since this
explains the whole process. The questions will be answered from the two mentioned
institutional levels in the prosperous world. In Figure 5, the answers on each question are
displayed by a few words.

Hospital/

Figure 5: The answers on the five W-
questions and the one H-question,
starting at the top with who, going
clockwise to what, why, how, when and
where.

3.2.1 Who are taking the decisions: healthcare professionals
With decision-making on the OR, there are always HCPs present (Sararaks, 2008). The decision-
makers differ per situation, since topics requires different (decision-making) qualities and
knowledge. In case of the university, the decision-makers are often scientists that have a
background in the medical field, or at least a wide knowledge of the medical sector. In most of
these situations, a hospital is involved in such research too and therefore, HCPs of this centre
participate and share their knowledge (Sararaks, 2008). However, the actual involved people
and their involvement differ per study and university. The scientist will probably decide itself
about the topic, whereby the professor or another person higher in hierarchy could think along
(Hussin, 2009).

The decision-making group at the hospital is often called the Value Analysis Committee (VAC)
or Value Analysis Team and is responsible for the management of medical and surgical
products in hospitals (Advisory Board, 2022). This group can differ depending on the type and
the goal of the innovation (Bionix, 2022; Dexter et al., 2020) and per hospital (Liberatore &
Nydick, 2008). The analysis of an innovation should preferably be a multidisciplinary process
and should consider a product or service total value (Pennington & DeRienzo, 2013). The
decision-making process includes staff at all organisational levels (Pennington & DeRienzo,
2013) and from different departments (Greenlight Medical, 2022); material management
(Advisory Board, 2022; Bionix, 2022; Feldstein, 2010; Greenlight Medical, 2022; Pennington &
DeRienzo, 2013), OR management (Advisory Board, 2022; Feldstein, 2010; Greenlight Medical,
2022; Pennington & DeRienzo, 2013), financial management (Feldstein, 2010; Pennington &
DeRienzo, 2013), surgeons (Advisory Board, 2022; Bionix, 2022; Liberatore & Nydick, 2008;
Nassiri et al., 2020; Pennington & DeRienzo, 2013), nurses (Bionix, 2022; Greenlight Medical,
2022; Pennington & DeRienzo, 2013), technician (Pennington & DeRienzo, 2013),
administrators (Advisory Board, 2022; Bionix, 2022; Greenlight Medical, 2022), surgical site
infection specialists (Bionix, 2022; Dexter et al., 2020), purchasing agents (Advisory Board,
2022; Greenlight Medical, 2022) and reimbursement specialists (Advisory Board, 2022;
Pennington & DeRienzo, 2013). Liberatore & Nydick (2008) advised to involve the patient as
well in the decision-making process of the purchasing; however, they are often not part of the
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VAC (Advisory Board, 2022). This team should be able to provide an integrated view, due to
their multidisciplinary backgrounds (Bionix, 2022; Pennington & DeRienzo, 2013). The
significance of the surgeon in the decision-making process will be elaborated on in the next
paragraph. At the end, the decision-makers are often part of the management, since they are
the highest in hierarchy (Turner et al., 2017).

The healthcare outcomes and safety are often enhanced by familiar products, due to
predictability, reliability and efficiency of the process (Pennington & DeRienzo, 2013), and
therefore the surgeons should agree with the purchase (Nassiri et al., 2020). In 61% of the
supplies used in surgical services, the surgeons have a personal preference, which is often an
excuse to justify the use of similar products from several vendors (Pennington & DeRienzo,
2013). Besides that, the surgeons are the practitioners, the main patient advocators and
regularly evaluate the patient circumstances as disease-related improvement, safety, length of
stay and quality of life outcomes (Nassiri et al., 2020). However, the surgeons often decided
unrelated to the costs, but including the medical training, personal experience, perceptions of
patients and vendor relationships (lacopino, 2018; Nassiri et al., 2020; Pennington & DeRienzo,
2013). The acceptance of the implementation by surgeons is often the biggest obstacle and
therefore the surgeons should be well-informed about and involved in the decision-making
process (Liberatore & Nydick, 2008).

3.2.2 What is decided: optimisation
Almost half of the innovations of the medical technology sector are focused on the
optimisation of the OR (Schouten, 2021). Innovation is defined as a new idea, method or
device (Merriam Webster, 2022c), and in this study this could be a technique, strategy,
equipment, design, analysis or model for the OR. However, the innovations are only
considered if they exclusively affect the OR and changes are only considered as an innovation if
they are conscious chosen. In a study to the optimisation of the OR, ten types of innovations
were discovered: air ventilation, instrumentation, logistics supplies, performance, procedure in
OR, scheduling, stress, teamwork, trusts, and waste (Van Beekum, 2022). In this study, there
was not found a singular definition for “optimisation of the OR”; however, 68% of all studies
involved the expenditures in a certain way in their definition. The innovations were mainly
measured in cost (43%), time (48%) and utilisation of the OR (34%), or a combination of these
methods (Van Beekum, 2022).

According to Ahmadi et al. (2019); Burdett & Kozan (2018) and Liu et al. (2019), there are
performed broad and extensive (literature) studies to ORs planning and scheduling recently.
Two third (n=37) of the considered articles of Van Beekum (2022) improved the scheduling for
the OR, followed by innovations to instrumentation (16%). The innovation Scheduling had as
aim to improve the logistics of the schedules of the OR, which is the planning of patients, staff
teams and the resources to the correct OR, to improve the utilisation of the ORs (Zhang et al.,
2020). Scheduling as innovation was also often combined with the goal to balance the cost and
utilisation for the optimisation (Van Beekum, 2022).

The universities aim to understand situations, affecting individuals, communities or health
systems in their research, among others to assist healthcare professionals to identify
healthcare needs (Sararaks, 2008). A scientist would like to research the current situation,
solve a problem or inventing a new technique (Sararaks, 2008). The scientist should start with
a decision on if the topic is worth the time, effort and money that is required to invest. The
decision-making process can also be about decisions within this research, determined by
imposition by a professional or discovery of a progress (Sararaks, 2008). In both manners,
decisions about the topic, the scope and the search terms are required.
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In medical centres, the above-mentioned decisions could also be made, since it is a hospital
that performs research as well (Liberatore & Nydick, 2008; Nassiri et al., 2020; Pennington &
DeRienzo, 2013). However, the (public) hospitals also require decision-making on purchasing
of innovations, which has been discussed frequently in the literature (Dexter et al., 2005;
Dexter et al., 2020; Liberatore & Nydick, 2008; Nassiri et al., 2020; Pennington & DeRienzo,
2013). The focus has mainly been on standardisation, whereby the benefits of all practitioners
using the same product outweighs the benefits of maintaining a personal choice (Pennington &
DeRienzo, 2013). Also, the evaluation of products based on their total value, dividing the
quality by the cost, should be taken into account (Pennington & DeRienzo, 2013). The decision-
making is on the level whether a problem is worth to invest time and money or whether the
innovation is worth to implement, money and time.

3.2.3 Where are the decisions taken: hospital/university
In this study, the decision-making for the OR in a hospital is the focus. The two described
perspectives are within a university and a hospital, which are responsible for the decisions
within their own organisation. However, in both situations, the other organisation could be
involved to provide more information (Sararaks, 2008). At the universities, the involved
departments are related to the medical sector or engineering, to develop a solution or
innovation for the OR (Sararaks, 2008). In hospitals, the department OR management will most
likely take the decisions (Turner et al., 2017). Medical centres are affiliated with (medical)
universities, and therefore perform research and healthcare. Therefore, both perspectives can
apply for medical centres.

3.2.4 When are the decisions taken: every moment
There is not set a specific timing or starting moment for the decision-making process. The
process can start with a problem or (an idea for) an innovation (Liberatore & Nydick, 2008;
Nassiri et al., 2020; Pennington & DeRienzo, 2013; Sararaks, 2008). In case of the hospital, the
HCP is often inspired by an innovation or recognises a problem. Whenever a problem occurs,
the HCP can individually search for an innovation or contact another HCP at any organisation
to think along. The HCP at the university can start the process with a request, for example
from the hospital, or with an idea from the HCP itself.

3.2.5 Why are the decisions taken: improvement or problem
Recently, the financial situation is the main reason to improve the OR or solve problems
(Pennington & DeRienzo, 2013). However, according to Littlejohn et al. (2017), every decision
is a balance between costs and rewards. The rewards are related to the health outcomes; the
patient-centred value, expressed in health outcomes per spent dollar (Nassiri et al., 2020), is
critical prior to analysis before purchasing an innovation. Besides the impact on the financial
aspects and the patient’s health, the surgeons are also directly affected (Nassiri et al., 2020),
by the product value, standardisation efforts and proactively ensure compliance (Advisory
Board, 2022). Therefore, the administrators of the hospitals have to examine their supply
expenses carefully and evaluate the products and care processes (Pennington & DeRienzo,
2013). Pennington & DeRienzo (2013) stated that it is difficult to control the cost, and remain
the patient care safe and effective, due to the rapid introductions of new technology, rising
supply cost and patient acuity.

An innovation may affect the value of the surgical practice with a positive or negative value
(Nassiri et al., 2020). To decide in favour of an innovation, the effects of the innovation should
be positive and show improvements (Pennington & DeRienzo, 2013) in at least one of the
following motivations: patient safety (Nassiri et al., 2020; Pennington & DeRienzo, 2013), staff
safety (Nassiri et al., 2020; Pennington & DeRienzo, 2013), practical guidelines (Bionix, 2022;
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Pennington & DeRienzo, 2013), productivity (Bionix, 2022; Pennington & DeRienzo, 2013),
revenue (including case volume (Bionix, 2022; Nassiri et al., 2020), market standing
(Pennington & DeRienzo, 2013), patient satisfaction (Nassiri et al., 2020; Pennington &
DeRienzo, 2013), patient care quality (Advisory Board, 2022; Bionix, 2022; Greenlight Medical,
2022; Nassiri et al., 2020), sourcing (Nassiri et al., 2020) or cost (Advisory Board, 2022; Bionix,
2022; Greenlight Medical, 2022; Nassiri et al., 2020; Pennington & DeRienzo, 2013).

The university would like to increase the amount of understanding, with the goal to improve
the current situation or the OR, give insight into the situation or solve problems, to help the
hospital and society (Sararaks, 2008).

3.2.6 How are the decisions taken: decision-making process
Currently, the decision-making process differs per person and per situation. Mainly because
the decisions are often made based on emotions, individual reaction (attitudes and
perception) and experience, influenced by social networks and social capital and interpersonal
relationships (lacopino, 2018). It is important to have a mutual vision

with all the stakeholders on the goal and methods of measuring the General decision-
optimisation (Littlejohn et al., 2017) and therefore the decisions making process
should be taken in a well-informed and evidence-based manner (Guo,

2020; Turner et al., 2017). This paragraph cannot specify how the Objective

decision-making process goes, since it differs much per situation.
However, optimal decision-making process will be discussed. An Optimum
elaborated answer to the how-question is necessary, since this is the outcome
overarching answer to the earlier mentioned questions. For the
readability and because of the different goals and methods, this Available

paragraph is divided into three parts: general decision-making, and the resources

method of the hospital and of the university. g

The decision-making process and the participation in the process are |-« cooifoiiieians
more researched and participatory design practice is a more used

method (Sanders, 2008). Group decisions are depending on three o\é'jse'gt'-:'fgs
variables: objective tasks (clarity in the problem), group task (how the ===+ -"" i """"""
group behaves) and group structure (cohesiveness; Littlejohn et al., Analyse

2017). The requirements for diverse groups, including decision-making objectives
groups, is effective communication, among other equal

participation, consensus-based decision-making, respectful Figure 6: The general steps
communication (Littlejohn et al., 2017). Three obstacles can stand in the decision-making

in the way this process: concerning with relationships in the process (Guo, 2020). The
group, poor information processing and personal interest dashed line represents the
(Littlejohn et al., 2017). time-frames of each step.

The decision quality is linked to understanding of the problem, understanding of the
objectives, assessment criteria of the positive qualities and the negative qualities (Littlejohn et
al., 2017). Decisions should be made well-informed, whereby it is important that all the
participants act in a coherent way that leads to understanding of the situation and objectives
(Littlejohn et al., 2017). The most researchers agree on the basic components of decision-
making models are similar: defining the objective and optimum outcomes; discuss the
available resources; establish a plan; check if the objectives can be met; and lastly, analyse the
accomplished objectives (Guo, 2020), as presented in Figure 6. Within group decisions, the
group should aim to achieve a convergence or agreement on the objective, methods and final
decision (Littlejohn et al., 2017). Decision-making does not involve any magic of a quick fix, it
requires skill, knowledge and understanding (Guo, 2020).
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3.2.6.1 Decision-making process in the hospital
To guarantee a positive impact of an optimisation, the purchase should be decided on
synthesising and analysing information (Pennington & DeRienzo, 2013); however, this can be a
hurdle due to a lack of time, skills or knowledge (Pennington & DeRienzo, 2013). Therefore,
the hospital should provide the resources and training that are relevant for the decision
(Pennington & DeRienzo, 2013). The process can start from (an idea of) an optimisation or
from a problem, that should be solved. The start point determines the first steps in the
decision-making process; however, the main part is similar.

Whenever the process starts from the problem, the VAC includes five steps: assess, plan,
design, implement and measure/sustain (Pennington & DeRienzo, 2013). The assess phase
consists of the evaluation of the expectations of the situation, including the problems and
solutions (Pennington & DeRienzo, 2013). Within the plan phase, the VAC establishes the
optimal outcomes of the projects, with a goal, scope, value statement, gap- and stakeholder-
analysis (Pennington & DeRienzo, 2013). The information will be gathered and reported to the
stakeholders in the design phase (Pennington & DeRienzo, 2013). This stage is also called the
unfreezing-stage, since it is the start to perform and design an innovation (Pennington &
DeRienzo, 2013). Within the implementing stage, the appliance of the innovation will be
succeeded and afterwards will be evaluate in the measure/sustain phase (Pennington &
DeRienzo, 2013).

Another description of the decision-making process in hospitals start with a decision of a
surgeon on the necessity of an optimisation. They send a formal request to the VAC (Bionix,
2022; Nassiri et al., 2020), with an evidence-based report (Nassiri et al., 2020) including
information and data (Bionix, 2022) from themselves or the medical sales representatives
(Greenlight Medical, 2022). The VAC gathers information from other departments (Greenlight
Medical, 2022) or subspecialities (Dexter et al., 2005) about the optimisation, to perform an
audit (Greenlight Medical, 2022). The information will be analysed for the clinical and financial
benefits, and other set criteria, to decide on purchasing the innovation (Bionix, 2022;
Greenlight Medical, 2022). Due to this process, the healthcare systems remain competitive and
all innovations will be examined in the purchasing value (Bionix, 2022). As soon as the VAC
trust in the worth of purchasing, based on examining the optimisation decisions in the context
of safe, cost-effective, quality patient care, while considering the total value derived from
reduced operational costs, better reimbursement, improved clinical care and quality, improved
efficiency and enhanced safety from an interdisciplinary perspective (Pennington & DeRienzo,
2013). Afterwards, the negotiations with the sales representatives can start and the
implementation phase should ensure the best clinical outcomes (Bionix, 2022).

Guo (2020) did research to an alternative decision-making model to help healthcare managers
in the decision-making process. This model is called DECIDE: D = define the problem; E =
establish the criteria; C = consider all the alternatives; | = identify the best alternative; D =
develop and implement a plan of action; E = evaluate and monitor the solution and feedback
when necessary (Guo, 2020). This model is similar to the earlier described basic components
for the decision-making process.

The different theories (Guo, 2020; Liberatore & Nydick, 2008; Nassiri et al., 2020; Pennington

& DeRienzo, 2013) of the decision-making process in hospitals are combined into Figure 7. The
dashed line represents the time-frame, as can be seen the time-frames do not fully overlap.
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Figure 7: The different vision on the decision-making process in the hospital in one overview;

A is from Pennington & DeRienzo (2013), B from Nassiri et al. (2020), C is from Liberatore &
Nydick (2008) and D is from Guo (2020). The lines state the time-period and the overlap
with the other methods. The asterix (*) is added by the author and the above-mentioned
source does not mention this and the dashed line represents the time-frames of each step.

3.2.6.2 Decision-making process at the university
The process for universities differs from the process within hospitals, due to other goals
(knowledge vs. optimisation). The decision-making process in universities is about research,
including the topic, the scope and the method. However, this process and the goals of the
process also differ per university, since they have other interests or methods (Hussin, 2009;
Littlejohn et al., 2017), as also can be seen in Figure 8 with the theories of Johns Hopkins
University & Medicine (2022); Sararaks (2008); and TU Delft Library (2022), with again the
dashed line that represents the time-frame. For example, technical universities are often
focused on designing; medicine universities improve the healthcare; and other universities
more on gathering information (Hussin, 2009). The ratio between research, education,
management and finance is different for all the organisations (Hussin, 2009).

To generalise; it often starts with identifying the problem or improvable situation (Sararaks,
2008; TU Delft Library, 2022), that come up through having dialogues and discussions with
colleagues or professionals (Sararaks, 2008). The problem or research topic should describe

the goal clearly, specific, socially relevant and useful to a certain target group (TU Delft Library,

2022). Based on the research goal, the research questions are formulated (TU Delft Library,
2022). By stating the sub research questions, the complete road map for the research is

determined (TU Delft Library, 2022). Within this phase, the scope of the research should also

be established. After formulating the research questions and the scope, the literature review is
performed (Sararaks, 2008); with stating search queries (Johns Hopkins University & Medicine,

2022; TU Delft Library, 2022). According to Johns Hopkins University & Medicine (2022),

choosing the search queries is the most important step in the research process. For each (key)

concept, a list of related terms or synonyms is made (Johns Hopkins University & Medicine,
2022; TU Delft Library, 2022).
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In all the above-mentioned steps, there are made decisions by the scientist, while selecting a
problem, determining the scope, formulating research questions and selecting search queries.
In the phases Proposal: Objectives and Proposal: Methodology (Sararaks, 2008), the most
decisions are taken, as the objectives of the study, the scope and methods. However, in the
follow-up of the research, the actual study and utilising the study to make clinical, health &
policy changes, extra decisions have to be taken. However, in this study, this will not be further
elaborated.

Decision-making process university

A B C
Problem Identifying & Choose topic
prioritizing ... .. ... N
...................................... Background
Research Problem review
question(s) statement &  r----e---- l ----------
......... lanalySIS Scope
Search queries
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Literature review
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Figure 8: The process of doing research, with all different phases in the decision-making
process, with A from Johns Hopkins University & Medicine (2022), B from Sararaks (2008) and C
from TU Delft Library (2022). The dashed line represents the time-frames of each step.

The OR is a room in a hospital where surgeries can be performed. A surgical team in
prosperous countries consists of surgeons, anaesthesiologists, and nurses, with all their
own tasks during the operative process.

The decision-making process in a hospital or at a university for optimisation in the OR is
performed by HCPs. The process often starts (at any moment) with a wish for an
optimisation for a problem or an interesting innovation. This process goes via several
general steps: determining the objective, defining the optimum outcome, research the
available resources, plan the optimisation, check if the objectives can be met, and lastly,
analyse the accomplished objectives.
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4  Objective of the performance optimisation of the OR

In this chapter, the perspectives of HCPs on the OR performance optimisation will be reviewed,
by defining the objectives of the performance optimisation of the OR. With these objective
perspectives, the purpose and directions of the optimisation can be determined. This will be
performed to discover the problem, as an element of the divergent part of the first diamond.

4.1 Aim

The first sub research question (SRQ1) is “What is the definition of the performance of the
operating room according to the healthcare professionals to identify the objectives of
optimising the performance of the operating room?”, and is answered by performing a
systematic literature review. The aim is to find the optimisation purposes for the OR, which
can be defined as the objectives for the performance optimisation of the OR.

4.2 Method

An inventory of the current literature on the performance and the impact of optimisation on
the medical OR is performed by searching on Google Scholar and ScienceDirect with the search
terms ‘Impact AND innovation AND “operating room” AND hospital’. This search resulted in
366 articles. By applying the scope of this study, as said in Chapter 2, therefore were 84
extracted from all the articles via the PRISMA method, shown in Figure 9. These filtered
articles have been inserted in Atlas.ti (2021).

c Articles searched on Google Scholar
.g and
] ScienceDirect with the search terms
1¥ " . ‘
EE . ‘rmf‘i'%_t AVND;T”EEES?: A':‘LD,, Articles excluded because did not satisfy the
E operating room ospitar following criteria:
= N = 20,418 « English language
« Article or review
s Year: 2017 - March 2022
‘L « Available

Removed duplicates
Qualified articles

N = 366
Articles excluded because did not satisfy the
following criteria:
v « Geological filter (Australia, Canada,
Northern-Europe, USA, Western-
Titles, abstract and keywards Europe)

screened » Innovation is implemented in the OR
or tested on real-data (not disease or

N =163 instrument specific)

* Academic or non-academic hospital

h 4

Articles included in the study

N = 84
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Figure 9: The method, according to the PRISMA checklist, used to make an inventory of the
current literature about the optimisation of the OR performance.

In Atlas.ti (2021), the phrases of each article, that are explaining the purpose of the OR and/or
the goal of the optimisation in the OR, are labelled with the code “performance”. However,
when a phrase is mentioned multiple times, this phrase is only labelled once. The phrases have
been exported in Microsoft Excel (2021). Within Microsoft Excel (2021), the phrases have been
labelled by use of inductive coding/open coding by rereading all the phrases. The codes, from
now on written with a capital, have been clustered into levels of specifications (called terms)
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and the descriptions of the codes are provided in Appendix B. The terms can be divided into
two levels: the general level is from now on called “objective factor” and some of the
objectives focus on a specific part of the general levels called the “objective characteristic”.
The clustering is performed till every code was at least mentioned five times (n=5), causing the
author to read the phrases at least three times. Not all the phrases have an objective factor
and a characteristic, but often only the general term (factor) is mentioned. Whenever both
terms are mentioned, it is called an “objective combination”. The codes that are only
mentioned in one article are excluded from the further analysis. Below are presented some
examples (Examples 1, 2 and 3) of labelled phrases. In Appendix C, the frequency of
mentioning in an article is shown between the brackets.

Example 1: A phrase from Newsweek (2022) expressing the optimisation of the performance of
the OR. The objective factor(s) and objective characteristic(s), underlined in the phrase, are
overviewed in the table*.

“The quality reports provide in-depth information about the structure and services of each
hospital, such as range of diagnoses and number of provided treatments, number of staff,
hygiene measures, number of complications or barrier-free accessibility.”

Objective factor Objective characteristic
Quality-of-care Operational performance
Quality-of-care

Quality-of-care Surgical performance
Quality-of-care

Quality-of-care Operational performance

* The code Quality-of-care is mentioned two times on itself and twice with Operational
performance. This indicates that these have been coupled with several metrics, see Chapter 5.
The empty spaces implicate that no characteristic is mentioned. Those two notes will apply to
all the following examples.

Example 2: A phrase from Cossio-Gil et al. (2022) expressing the optimisation of the
performance of the OR. The objective factor(s) and objective characteristic(s), underlined in the
phrase, are overviewed in the table.
“Methodologies were explicitly evaluated to minimize the impact of this project on provider
workflow and comply with HIPAA requirements.”

Objective factor Objective characteristic

Surgical performance Staff performance

Example 3: A phrase from Frasier et al. (2019) expressing the optimisation of the performance
of the OR. The objective factor(s) and objective characteristic(s), underlined in the phrase, are
overviewed in the table.
“VBHC links outcomes to costs and so determines value. The focus on the value of medical
services could be a key element to ensure the sustainability of high-quality healthcare systems
in the future; moreover, value could continuously drive performance improvement in care.”

Objective factor Objective characteristic

Finance Value-based healthcare

Quality-of-care
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4.3 Results

Out of the 84 articles, there were selected 795 phrases that indicate a goal or purpose for the
OR (objectives), which means that on average an article delivered more than nine phrases for
the performance optimisation of the OR. There were 2,008 objectives mentioned, indicating
that on average a phrase state more than two objectives, as also can be seen in Examples 1
and 3. There are in total 165 objective combinations, meaning a connection between the
objective factor and the objective characteristic, even if there is no characteristic mentioned,
or only the objective factor. The codes used for the factor and characteristic are in Appendix B
and the number of phrases and articles per code are mentioned between brackets (# phrases
(# articles)) in Appendix C.

4.3.1 Objective factor
There have been found 14 objective factors with a general focus on the performance
optimisation of the OR, with Quality-of-care (350 (55)) as the most mentioned. The objective
factors are presented in Table 1.

Table 1: The objective factors of the optimisation of the performance of the OR, with the
frequency and proportion of occurrences of the articles and the phrases.

Objective Frequency Proportion Proportion quotes of
(# phrases (# articles of total total (%)
articles)) (%)

Accessibility 37 (12) 14% 2%

Care outcomes 164 (43) 46% 8%

Finance 227 (36) 43% 12%

Management 157 (20) 14% 8%

Patient (health) 6 (3) 1% 0.3%

condition

Patient flow 21 (6) 7% 1%

Quality-of-care 350 (55) 65% 18%

Resources 83 (24) 29% 1%

Safety 190 (39) 46% 10%

Satisfaction 53 (21) 25% 3%

Service 132 (24) 29% 7%

Staff (health) condition 66 (16) 19% 3%

Surgical performance 371 (54) 64% 19%

Team 151 (25) 30% 8%

4.3.2 Objective characteristic
Eight objective factors are coupled to an objective characteristic, in total there are 19
characteristics. Operational performance has been coupled with seven objective factors (45
(20)) and Care outcomes with four objective factors (20 (13)). Those objective characteristics
do not have the most phrases, that is the characteristic Staff performance (85 (23)); however,
only with one objective factor, namely Surgical performance.

4.4 Discussion

The definition from Merriam Webster Dictionary of performance is: “The execution of an
action” and/or “The ability to perform” (Merriam Webster, 2022b). In the OR, the action can
be represented by the surgery (Merriam Webster, 2021), which is comparable to the
prescribed objective factor Surgical performance: the accomplishment and its quality of the
surgery completed by the medical staff. In none of the articles included in this study, the
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author stated directly an objective for the performance optimisation of the OR. However, they
stated the importance to optimise the performance, the goal of optimising and the reasoning,
such as ageing (Abedini et al., 2017; Zhang et al., 2020; Zhang et al., 2021) and increased
volumes of complex surgeries (Breuer et al., 2020). The literature had on average 13 phrases
about the optimisation of the performance of the OR, but there is not found one overarching
definition for the objectives of the performance optimisation of the OR. The objective factors
and characteristics can provide a first step to a universal goal, especially considering the
frequency of occurring and number of articles. The objective of the performance optimisation
of the OR should cover multiple elements, since the OR is a complex system (Van Beekum,
2022) and many performance aspects have been mentioned.

The big variety in terminology and perspectives, and the fact that none of the articles stated
the objectives of the performance optimisation of the OR, indicates that it is hard to make a
singular objective. Within communities, each one has its own meaning for what is read, viewed
or heard (Littlejohn et al., 2017). Commonly, the people with the same function within
community have the same interpretation (Zhang et al., 2020); however, the individuals’
choices and behaviours are strongly affected by interpersonal relationships (lacopino, 2018)
and therefore can differ. The interpretations of the objectives also depend on the situation of
the professional (Littlejohn et al., 2017), such as the protocols, timing and wealth of the
hospital and country. With a single objective, there would be less room for own interpretations
and therefore, the professionals are more likely to be on the same page at the beginning of the
project/innovation, which is required for an optimal result (Littlejohn et al., 2017). Remarkable
is that only two articles Kim et al. (2019) and Scholte et al. (2021) mentioned one objective
combination, three articles (Briingger et al., 2021; Sateri et al., 2017; Shortell et al., 2018) had
two objective combinations, and the other articles defined more than two objective
combinations. This indicates that the authors of the most articles identify the performance
optimisation of the OR as a multicomplex objective. Chrouser et al. (2018) has even 11
objective factors defined and 22 objective combinations, if you include the objective
characteristics, this is the highest number of mentioned objective combinations in one article.

Schouten (2021) considered four facets of the performance of the OR workflow; patient safety,
quality of care, cost-effectiveness and well-being of the healthcare profession. As can be seen,
these are also a fraction of the objective of the OR performance optimisation mentioned
above. However, workflow itself is not a mentioned part of the objective itself, but is included
within Staff performance and Patient flow. Since no consensus has been found for the
objective of the optimisation of the performance of the OR, this corresponds with the study to
the definition of “optimisation of the OR” (Van Beekum, 2022). Similar to this research, none
of the studied articles of Van Beekum (2022) stated an explicit definition, but indirectly the
most articles defined the optimisation as a balance between several factors (64%).
Optimisation and performance are related via the objective that optimisation should improve
the performance (Merriam Webster, 2021). This objective focussed on many aspects and
therefore was highly heterogeneity in perspectives; however, there are also many ways that
one objective of performance could be improved; therefore, this research was still
necessary/desired.

4.4.1 Objective factors
Although there have been found 14 objective factors, none of the articles stated the objective
directly. This systematic review shows that there is large heterogeneity in the perspectives of
the objectives of the performance optimisation of the OR. The most mentioned objective
factors are the Surgical performance (371 (54)) and Quality-of-care (350 (55)). This is in
accordance with the definition of the OR: “A room in a hospital where operations are done”
(Merriam Webster, 2021), which is also focussed on the healthcare (Quality-of-care) and
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operation itself (Surgical performance). The objective factor Patient (health) condition (6 (3)) is
not mentioned often, even though it is the goal to improve this in healthcare (Merriam
Webster, 2022a); however, Care outcomes (164 (39)) is closely related (since this is measured
right after the surgery), and is mentioned as third in frequency.

Some of those objectives are closely related or at least correlated to each other; the Quality-
of-care leads to better Care outcomes and Safety, an optimisation in the factor Team results in
a better Surgical performance and Service; Management leads to a better amount of Service as
well and is also related to the costs (Finance). Therefore, the distinction between the codes can
be ambiguous, which illustrate the complexity of the OR and the multifacetedness in the
objective(s).

4.4.2 Objective characteristics
There are 309 phrases with a characteristic, which is 15% of the total amount of phrases. In
these phrases, 19 different objective characteristics are found, which link with eight objective
factors. Therefore, it can be seen that the most objectives have a broad theme and do not
include a specification (characteristic).

In this chapter, SRQ1 (“What is the definition of the performance of the operating room
according to the healthcare professionals to identify the objectives of optimising the
performance of the operating room?”) is answered based on an extensive systematic
literature study. The objectives can be split in objective factors and characteristics, there
have been found respectively 14 and 19 types. The most mentioned objective factors are
Surgical performance and Quality-of-care. Therefore, it can be concluded that the
objectives of the optimisation of the performance of the OR have a heterogeneity in the
perspectives.
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5 Metric of the performance optimisation of the OR

The objectives of the performance optimisation of the OR have been defined in the last
chapter; whereby no collective perspective on the objective has been found. To measure the
performance optimisation, the assessing criteria (metric) of the performance optimisation
should also be quantified. These standard methods of measuring will be called metrics. The
diverting part of the first diamond, supporting the discovery of the problem, will be finished in
this chapter and a start to the converting part of this diamond will be taken, defining the
problem.

51 Aim

The aim of this chapter is to figure out what kind of methods are used for quantification of the
14 objective factors of the performance optimisation of the OR. To specify the methods of
measuring the performance, also called the assessment criteria, of the OR by an extensive
literature search, the second sub research question (SRQ2): “What are the assessment criteria
to quantify the performance optimisation of the operating room?”, is answered. SRQ2a: “How
are the assessment criteria and the objectives of the operating room related to each other?”,
will be answered by comparing the results of last chapter and this chapter. This identifies how
the metrics are related to the found objectives, by which means the HCP can measure the
impact of an innovation to optimise the OR performance.

5.2 Method

To find the metrics, the method and the articles from Chapter 4 are used; however, instead of
labelling the objectives of the OR, the assessing criteria have been labelled with the code
“metric”. The indicative coding with “metric factor”, “metric characteristic” and “unit”,
indicating the main theme of a metric, a more specific element of the theme and the settled
quantity, was performed in Atlas.ti (2021). The codes were clustered in Microsoft Excel (2021)
till the metric factors were mentioned at least three times (n=3). A combination between the
metric factor and metric characteristic is called a “metric combination”. In every article, all the
phrases that mentioned a metric are labelled separately and the number is shown between
the brackets in Appendix D. Again, the codes that only mentioned in one article (# (1)) are
excluded from the further analysis. In the following examples (Examples 4, 5 and 6), the metric
factors of the examples from Chapter 4 are shown. Underlined are the words that lead to
those codes and the descriptions are provided in Appendix B.

Example 4: The objective factor(s), objective characteristic(s) and metric factor(s), underlined in
the phrase, and overviewed in the table, of Example 1.

“The quality reports provide in-depth information about the structure and services of each
hospital, such as range of diagnoses and number of provided treatments, number of staff,
hygiene measures, number of complications or barrier-free accessibility.”

Objective factor Objective characteristic | Metric factor

Quality-of-care Operational Surgery volume
performance

Quality-of-care Treatment type

Quality-of-care Surgical performance Hygiene

Quality-of-care Care outcomes
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Example 5: The objective factor(s), objective characteristic(s) and metric factor(s), underlined in
the phrase, and overviewed in the table, of Example 2.

“Methodologies were explicitly evaluated to minimize the impact of this project on provider
workflow and comply with HIPAA requirements.”

Objective factor Objective Metric factor
characteristic
Surgical performance Staff performance Policy

Example 6: The objective factor(s), objective characteristic(s) and metric factor(s), underlined in
the phrase, and overviewed in the table, of Example 3.
“VBHC links outcomes to costs and so determines value. The focus on the value of medical
services could be a key element to ensure the sustainability of high-quality healthcare systems
in the future; moreover, value could continuously drive performance improvement in care.”
Objective factor Objective characteristic | Metric factor
Finance Value-based healthcare | Treatment type
Quality-of-care

Below Examples 7 and 8 are given, with the objective combination and metric combination are
shown, whereby the metric characteristic provides an extra accuracy to the metric, by
indicating more specificity. In Example 8, the unit of the metrics were mentioned as well.

Example 7: The objective factor(s), objective characteristic(s), metric factor(s) and metric
characteristic(s), underlined in the phrase, and overviewed in the table, of a phrase from Volk
(2017).

“surgical performance and chance of mortality are strongly influence by the level of teamwork
between OR personnel.”

Objective factor Objective Metric factor Metric
characteristic characteristic

Surgical performance Survival Mortality

Team Survival Mortality

Example 8: The objective factor(s), objective characteristic(s), metric factor(s) and metric
characteristic(s), underlined in the phrase, and overviewed in the table, of a phrase from
Saporito et al. (2021).

“The introduction of the diagnosis-related group (DRG) in the 1990s overall helped in
containing costs, aiming to increase turnover, lower the length of stay and perform more
cases.”

Objective factor Objective Metric factor Metric Unit
characteristic characteristic

Finance Surgery Turnover Money (S, €)
volume

Finance Length of stay Money (S, €)

Finance Surgery Money (S, €)
volume

5.3 Results

634 phrases in the 84 articles had a metric combination (metric factor, characteristic and/or
unit). In these phrases, 2,153 metrics were mentioned, which means that on average one
phrase includes 3.3 metrics. In total, there are found 70 metric factors and 42 metric
characteristics, together leading to 133 metric combinations (in Appendix E together with the
objective combinations).

23



There are found 133 metric combinations and the most common combination, including a
factor and a characteristic, is factor Survival, with characteristic Mortality (47 (24)). If a unit
should be included as well, the combination factor Survival, with characteristic Mortality and
unit Deaths (#) is most common (44 (23)). The most common factor and unit, is metric factor
Savings with unit Money (S; €; 37 (18)). If nothing from the elements of the metrics is
obligatory (but still compared to all other combinations) in the metric combination, the factors
Surgery volume (91 (39)) and Schedule (155 (22)) are most common.

5.3.1 Metric factor
The most common metric factors are Schedule (284 (26)) and Surgery volume (130 (43)). The
factors Maintenance occurs the least (3 (2)).

5.3.2 Metric characteristic
Qua metric characteristic, Mortality (47 (24)), OR utilisation (27 (12)) and Morbidity (22 (14))
occur most frequently. Six of the 42 metric characteristics occurred on the stated minimum
number (2(2)). The metric factor Schedule has 22 metric characteristics (129 (17)), which is
45% of all the phrases of the metric factor Schedule (155 (23)). Only one of the metric factors
always occur with a metric characteristic, namely OR time (18 (7)) with OR break (11 (3)) and
OR overtime (7 (4)).

5.3.3 Objective
The metrics are related to the objectives via the goal of measuring the metrics, these
connections will be called relations in this study. Comparing the objective combination and the
metric combination, there are 223 relations, as can be seen in Appendix E, the relation
Management (objective factor) and Schedule (metric factor) occurs the most (54 (10)). There is
no relation that includes both a characteristic of the objective and metric. The most common
relation between the objective combination and metric factor is Surgical performance, with
Staff performance and Education (6 (4)), and for the objective factor and metric combination,
this is Care outcomes and Safety (objective factor) with Survival, and Mortality, respectively 11
(6) and 11 (7). 63 out of the 238 relations (26%) have a frequency of 2 (2) and 16 of those have
a metric characteristic. 61 codes (in 412 phrases) did not include an objective at all and only a
metric combination.

5.3.3.1 Objective factor and metric combination
Only considering the objective factors and the metric combinations, there are 238 relations.
The most common relations between the objective factor and the metric combination are
Management with Schedule (54 (10)), Finance with Treatment type (28 (15)) and Surgical
performance with Skill (20 (14)), which do clearly not include a metric characteristic. If the
characteristic has to be mentioned as well, the most common ones are objective factor Care
outcomes, metric factor Survival and metric characteristic Mortality (11 (6)) and objective
factor Safety, metric factor Survival and metric characteristic Mortality (11 (7)).

5.3.3.2 Objective factor and metric factor
Considering the both factors, there are 227 relations mentioned, whereby the objective factor
Quality-of-care is mentioned with 40 metric factors and the objective factor Surgical
performance with 30 metric factors. The objective factor Patient flow has the least metrics,
four in total. The most frequent mentioned relation is Management with Schedule (116 (12))
and qua number of articles are Finance with Treatment type (31 (18)) and Surgical
performance with Surgery efficiency (34 (18)) the most mentioned. The metric factor Schedule
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is combined with 11 objective factors and Workforce with ten objective factors. A number of
13 metric factors have only one objective factor coupled.

5.3.4 Unit
There are 29 units defined in the articles, as shown in Appendix F. The most mentioned ones
are Money (S, €; 276 (38)) and Time: OR time (hours; 117 (32)). There are eight units
mentioned only twice. These units are still very specific, therefore they can be clustered in
more general units, for example Time: OR time (hours; 89 (24)) and Time: Delay (hours; 9 (6)).
Among others, these two units can be combined into the general unit Time. This led to a
number of 17 general units, with as most common general unit Time (231 (39)).

5.3.4.1 Metric combination and unit
There are 101 relations found between the metric combination and a unit. The most
mentioned are metric factor Survival, characteristic Mortality expressed in unit Deaths (#; 44
(23)) and the factor Treatment type expressed in Money (S, €; 37 (18)). The average for
number of units per metric is 2.3 units, but the above two mentioned neglecting is this average
around 1.7 units per metric.

5.3.4.2 Metric factor and unit
Excluding the metric characteristic leads to 92 relations between a metric factor and a unit.
The metric factor Schedule is expressed in 17 units and OR utilisation in nine different units,
which are the most heterogeneous measurable metrics.

5.4 Discussion

In this study, there are found 133 metric combinations for the performance optimisation of the
OR. Due to the high number of metric combinations and the high number of objectives for the
performance optimisation of the OR, it can be said that there is not one measuring method to
cover all the aspects of the performance. However, this makes sense, since the OR and the
optimisation in the OR have many aspects and services. For example, the objective factor
Satisfaction cannot be expressed in Bed utilisation or Equipment type, but can be expressed in
Communication and Workforce. However, those cannot correspond with the objective
Resources. Altogether, it is unlikely, maybe even impossible, to define a singular optimisation
objective and metric for the performance of the OR.

Most of the metrics are related to each other, similar as by the objectives. An example is that
Workload and Workforce are related, since the more staff is working (Workforce), the less
work one staff member has to perform (Workload). Workforce is also related to Finance, since
the staff members expect salary. This example only shows two links between the Workforce;
however, more relations could be found for this metric and other metrics. Another thing is that
some of the metrics overlap with each other, this will be discussed further with answering the
SRQ2b. For example, Communication and Decision-making, since the decision-making process
requires communication (Littlejohn et al., 2017). Next to that, communication is part of Team
and therefore overlapping.

5.4.1 Metric combination
There are 133 metric combinations, from which many do not have a metric characteristic,
namely 64 (48% of the metric combinations). Whenever looking at the metric combinations,
the two most common combinations do also not include a characteristic: Surgery volume (91
(39)) and Treatment type (86 (38)). This can also deductible from the fact that, seven of the
eight metric combinations that occurred only three times in two articles had a characteristic. If
a characteristic has to be included, Survival with Mortality (47 (24)) is most common.
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5.4.2 Metric factor
If the metric characteristics are not combined in the metric factors, there are found 70 metric
factors and the most common metric factors are Schedule (284 (26)) and Surgery volume (130
(43)). This could be justified by the fact that those are easily measurable, since it is just the
patient count and administrative activity. For comparing ORs, Schedule could be a good
method to measure, since it can be connected to 50% of the objectives. Besides that, Van
Beekum (2022) found that two third of the optimisation strategies were focussed on
scheduling, with as aim to improve the logistics of the schedules of the OR. Meanwhile,
Maintenance occurs the least as metric (3 (2)), together with Accreditation and Hygiene (3 (3)),
which are harder to measure, since they occur during an action or a specialist is required.

5.4.3 Metric characteristic
Qua metric characteristic, Mortality (47 (24)), OR utilisation (27 (12)) and Morbidity (22 (14))
are the most common. Mortality, OR utilisation and Morbidity are easy to measure, since
Mortality and Morbidity require only counting and OR utilisation requires a calculation with
information of the OR schedule and the opening hours. However, other metric characteristics
are harder to measure, as Surgery efficiency, since this contains multiple aspects, as staff work,
results, patients’ reaction, which are harder to measure. The more complex the metric factor,
the more metric characteristics are specified: for example, surgery scheduling is complex due
to various factors (Zhang et al., 2021), therefore Schedule has many metric characteristics,
namely 22.

5.4.4 Unit
Not all metrics can be expressed in or are not mentioned with a unit; however, 39 of the 70
metrics (64%) included a unit. Those 39 metrics are expressed in 29 different specific units. The
unit Money (S; €) is most mentioned (156 (42)). A metric is not always expressed in just a
singular unit. For example, Patient (health) condition can be a collection of three units, which
specified the health condition by Patient health: Heart rate (bpm), Patient health: Blood loss
(mL) and Patient health: Blood pressure (mmHg). The metric factor OR utilisation can be
expressed in nine units and the metric Schedule is even expressed in 18 units.

From the top ten most occurring metric combinations, including units, just one of those
metrics has a metric characteristic, namely metric factor Survival, characteristic Mortality and
unit Deaths (#; 44 (23)). Therefore, the most relations are not specific. All of those most
mentioned units are numbers and therefore straightforward to measure, such as Money (S, €),
Time (hours) and Deaths (#). The high frequency of Time (153 (27)) can be explained by the
ease to measure and the relation with other metrics. Notable is that eight of the 29 units are a
version of a unit of Time. However, with some units, this is a different case, since the individual
perspectives play a role. For example, Coaching (#): when is communication coaching;
Complication (#): when is something a complication; and Tasks (#): how to divide one tasks in
multiple small tasks. Remarkable is that some of the metrics would be expected to be
expressed in a certain unit; however, they can also be expressed in another unit. An example is
OR time (the time that the OR is occupied) can be expressed in Time: OR time (hours; 5 (4)),
which seems reasonable and Money (S, €; 2 (2)). This last one is a less obvious unit; however,
time always costs money due to occupation of the room, energy and salary. This example also
shows that the units of the metric can overlap as well, similar to the objectives and metrics.
Metrics as Authority (30 (16)) and Ergonomics (5 (4)) however did not state a unit at all (32 of
the 70 metrics).
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5.4.5 Objective and metric
The 14 objective factors, stated in Chapter 4, can be expressed in 70 metric factors, stated in
Chapter 5, which indicates that on average one objective can be measured in almost 4.5
metrics (as an answer to SRQ2a). The most heterogeneous measurable objective is Quality-of-
care with 38 metric combinations. The objective of WHO (2021a) is very broad: “Health
services for individuals and populations increase the likelihood of desired health outcomes”.
This objective includes multiple aspects, therefore also able to measure in many ways.
However, Satisfaction is an opinion and therefore there are less metrics related, namely six.
Only 13 metric factors (19%) have a singular objective coupled, which also indicates that a
metric can mostly be related to multiple objectives of the performance optimisation of the OR.

There are 223 relations taking in account the objective combination and metric combination. If
the characteristics of the objectives and the metrics are eliminated, 238 relations are left, due
to the relations that occurred only once or are mentioned in one article, are eliminated.
Management (objective factor) and Schedule (metric factor) occur the most (116 (12)). This
relation is quite plausible since the management is obligatory to provide the policy for the
schedules. Some relations can only be explained in an indirect manner, as Finance and
Treatment type (25 (14)). Finance is related to almost everything; however, the Treatment
type is not the clearest one. The type of surgery determines the equipment, which all require
different actions during the surgery, time and costs to produce. Some metric factors do not
relate to an objective, respectively 79 phrases in 52 codes, as the metric factor Environment
(16 (7)).

None of the most mentioned objective or metric combinations contain an objective or metric
characteristic. Since these specifications do not occur that often, it can be stated that the most
studies do not specify their objectives or metrics. Half of the metric combinations, which cover
more than 80% of the phrases, do not have a metric characteristic. For the objective
combinations, there are eight objective factors that include a characteristic, which includes
18% of the phrases. For that reason, it can be said that the HCPs prefer to have a more global
objective and metric, instead of limiting their scope already.

Due to the overlap and the linkages between the objectives, innovations and metrics, the most
codes were already related to each other and therefore formed a network of objectives and
metrics. The most mentioned description for the optimisation was a balance between Cost vs.
Bed utilisation (15 studies), which in objective factors (of this study) corresponds with Finance
(227 (36)) and Service (136 (24)) or the metric factors Cost (26 (13)) and Bed utilisation (21
(12)). As can be seen, the number from the objective factors is more corresponding (with a
correction for the number of articles that have been researched) with the results from Van
Beekum (2022), than the metric factors; however, the goals of a metric are more
corresponding to the description of the optimisation, namely an optimisation strategy.

An extensive literature has been performed to answer SRQ2 (“What are the assessment
criteria to quantify the performance optimisation of the operating room?”). There are
found 133 metric combinations with 70 types of metric factors and 42 metric
characteristics, indicating a heterogeneity in the perspectives of the assessment criteria for
the quantification of the OR performance optimisation. Schedule was the most mentioned
metric factor, namely 45% of all the phrases. 56 metric factors (80%) are related to more
than a singular objective, whereby the definition Quality-of-care is related to 38 metric
combinations. In total there have been found 223 relations, taking in account the objective
and metric combination. These relations form the answer to “How are the assessment
criteria and the objectives of the operating room related to each other?” (SRQ2a).
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6 Causal relations between metrics of the performance
optimisation of the OR

As discussed in Chapters 4 and 5, there is found a high diversity in the perspectives on the
objective of the performance optimisation of the OR and on the specific assessment criteria to
measure this performance optimisation (metrics). The objectives and metrics are in some way
related to each other, due to the influences from metric to an objective and from one metric
on the other. This provides the HCPs with insight in the consequences and impact of their
optimisation. This chapter finalises the first diamond from the double diamond, to fully
understand the problem.

6.1 Aim

The aim is to find the causal relations between the metric factors (from Chapter 5), as an
answer to SRQ2b: “How are the assessment criteria of the operating room performance
optimisation affecting on each other?”, in order to find the impact of an optimisation on the
performance. The relation between a cause and a result, will be called a causality in this study.
By mapping the causalities as a causal diagram, there should be provided a clear overview of
these causalities to show the HCPs the influences of an optimisation metric.

6.2 Method

The 56 articles used for finding the causalities are found with the search terms ‘(“Operation
room” OR “operating room” OR “operating theater” OR “operating theatre”) AND
(optimization OR optimize OR optimisation) AND (hospital OR healthcare)’ on PubMed, Scopus
and Web of Science data bases, and also used in Van Beekum (2022). In Figure 10, all the
criteria for this research are shown in the PRISMA chart.
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Figure 10: The method, according to the PRISMA checklist, used to make an inventory of the
current literature about OR optimisation.
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Those articles have been uploaded to Atlas.ti (2021) and all the phrases with a causal relation
between minimal two metrics are labelled by the code “links metrics” and afterwards the
cause and the result of the causal relation were coded by closed-coding with the metric factors
from Chapter 5. A cause-metric, influencing the other metric, was coded by “@metric”, and
result-metric, the metric that received the influence, was coded by “&metric”. Since all the
causalities should be mapped, the metrics are only divided in cause- and result-metric, not
specified to factors and characteristics. The link between the cause- and result-metric will from
now on called “causality”. Those codes are transferred to Microsoft Excel (2021), and the
cause- and result-metrics are labelled with the metric codes of Chapter 5. Two examples are
provided in Examples 9 and 10. The causalities between metrics that only occurred in once in
one article have been removed, which differs with the other methods.

Example 9: A phrase from Naderi et al. (2021), which presents a causality between the three
metric factors Idle time, Waiting list and Patient flow. The causalities, underlined in the phrase,
are overviewed in the table.

“Due to effective circumvention of idle and wait times resulted from the adoption of an open
scheduling strategy in GORPS, surgeons’ throughput are on average 33% higher than those of
ORs and anaesthetists.”

Cause-metric Result-metric
Idle time Patient flow
Waiting list Patient flow

Example 10: A phrase from Burdett & Kozan (2018), which presents a causality between the
two metric factors Policy and Operational performance. The causalities, underlined in the
phrase, are overviewed in the table.
“Scheduling policies can have a great effect on hospital performance.”

Cause-metric Result-metric

Policy Operational performance

After clustering the causalities twice, the causalities that occurred in a low phrase frequency
(n=2) have been relabelled with intermediate links, to understand the direct steps between
the causalities. Those intermediate links can be seen as interim steps and therefore are in
relation to the following metric and create the bonding from a cause-metric to a result-metric.
These links are based on the previous found links, that occurred more than twice in frequency,
starting with using the most occurring ones. Afterwards, the causalities with intermediate links
are added to the remaining causalities. An example is shown in Example 11. In this process, the
eliminated causalities, occurring only in one article, are removed after applying the
intermediate links, since then more information was conserved before.

Example 11: A phrase of Kroer et al. (2018), that shows a causality between the two metric
factors Responsiveness and Shift, with the intermediate links. The causalities, underlined in the
phrase, are overviewed in the table.

“The overtime work includes emergency operations, which contribute with a lot of uncertainty
and thereby increase the expected overtime work.”

Cause-metric Intermediate  Intermediate  Intermediate Result-metric
link 1 link 2 link 3
Responsiveness OR time OR utilisation ~ Surgery Shift
duration

29



After the intermediate links, the metrics and causalities are clustered in more general codes by
open coding, to make the overview more orderly. To provide a clear overview, the causalities
have been mapped in Draw.io (2021), to a causal diagram.

6.3 Results

There are found 506 phrases in 56 articles, that describe the causality between metrics. In
those articles, there are mentioned 2,282 causalities between metrics. The causalities between
the cause- and result-metrics can be seen in Appendix G. Without the intermediate links, there
were found 537 causalities between a cause- and result-metric. More than 50% of those
causalities (n=1,290) occurred only twice, whereby the most of them were only mentioned in
one article. The most common causalities were the Schedule to Cost (64 (19)); OR time to Cost
(93 (16)); and Shift to Cost (97 (19)).

6.3.1 Intermediate links

The intermediate links are applied by 47% of the causalities and 58% of these had more than
one intermediate link. This is resulted in 253 causalities of cause- and result-metrics, with 42
defined metrics. These are the same metrics as the metric factors from Chapter 5. The most

common was still Shift to Cost (97 (19)). Also, the other two previous mentioned were most

common, without a significant change of number of phrases; Schedule to Cost (64 (19)), OR

time to Cost (95 (16)). By use of those intermediate links, the number of causalities that only
occurred twice have been reduced to 113 causalities instead of 254 causalities.

The cause-metric Policy has the most linked result-metrics, namely 26 metrics. The cause-
metrics Schedule (405 (27)) and Surgery duration (388 (35)) are the second and third metrics
with most result-metrics, respectively 20 and 14 metrics. Seven cause-metrics (17%) have one
result-metric: Culture (24 (2)); Operational performance (12 (2)); Care outcomes (2 (2)); Profit
(30 (2)); Revenue (45 (2)); Waste (17 (4)); and Workforce (13 (2)). The result-metrics with the
most cause-metrics are Cost (948 (64)), Surgery duration (348 (24)), Safety (170 (27)),
respectively 26, 13 and 12 cause-metrics. The result-tric Length of stay is the only metric that is
caused by just one metric, namely Cancellation (11 (4)). There are five result-metrics that are
caused by two cause-metrics.

In Figure 11, an overview of the impact and consequences of a metric on the other metrics are
presented, indicating that changing a variable (metric), can influence many other variables.
The common causalities, mentioned in at least three articles and more than 20 phrases (20
(3)), between the cause-metric and result-metric are shown in a causal diagram. This number
is chosen to provide a more orderly overview than with all the causalities presented. The grey
boxes show the metrics and the direction of the arrow directs from the cause-metric to the
result-metric.
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Figure 11: A causal diagram of the metrics presenting a causality. The causalities that are
mentioned at least in three articles and mentioned at least in 20 phrases (20 (3)) are presented.
The frequencies are mentioned within the arrows, whereby pointing to the direction of the

influence.

6.3.2 Generalisation
Generalising the metrics resulted in eight generalised metrics (Appendix H). These metrics are
similar as the metrics mentioned before; however, right now they cover a broader aspect of
the OR. The generalised metrics: Equipment, Finance, Operational performance, Patients,
Result, Schedule, Staff and Surgery. Figure 12 gives a more orderly overview of the 51
generalised causalities. A short description of all the generalised metrics is followed:

Equipment: all the material that is used in the OR;
Finance: everything concerning money;
Operational performance: the management related aspects;

Patients: everything concerning the patients and its diseases;
Result: the effect of the surgery;
Schedule: everything related to time, planning and date of the surgery;
Staff: everything concerning the people that are working in the OR and its acts;
Surgery: everything concerning the surgery and its process.

The most common causalities all start with Schedule and lead to the following result-metrics
Finance (305 (33)), Schedule (475 (33)) or Patients (218 (28)). The causality Staff to Staff (235
(19)) is the first causality without Schedule with the most phrases. Nine causalities were only
mentioned in two articles, whereby Result to Surgery has the least phrases (2 (2)). This
causality describes the probability on another surgery type (Surgery) after the surgery does not
reach the desired outcomes (Result). Schedule has been mentioned in the most articles and
phrases (1,441 (42)) as cause-metrics and for the result-metrics this is also Schedule (1,070
(44)). Also, for these causalities, there is made a flow-diagram, shown in Figure 12. This
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diagram provides all the causalities between the metrics, whereby the width of the arrows
represents the number of articles, which can be seen in Appendix H.

Finance, Operational performance, Patients, Result, Surgery are a result of all metrics, except
one, and therefore are influenced by many metrics. Equipment and Schedule only were caused
by five of them, and Staff by six (not towards Schedule). As the cause-metrics, the receiving
boxes Equipment, Operational performance, Schedule and Surgery receive from all cause-
metric at least two phrases. Finance and Result only receive three cause-metrics.

Cperational
performance Generalised metric Metric factors

Equipment

Finance Patients

Finance

(Cperational performance

¢ 5 Egquipment Result ) [|pstients

Result

[Schedule

< E Surgary Schadule

Staff Sugery

Figure 12: A causal diagram of the generalised metrics. The width of the arrows represents the
number of references.

6.4 Discussion

With the 42 found metrics of the optimisation of the OR, there were found 253 causalities,
whereby changing one variable (metric) influences other variables. This means that on average
one metric has influence on six other metrics. Therefore, it can be stated that metrics have a
lot of influence on each other and that many aspects of the OR are related to each other,
similar as discussed in Chapter 4 and 5. It is good for the decision-making process to realise the
impact of the metrics on each other (Leinonen et al., 2008), to anticipate on the possible
coming changes. The professionals often focus on the metric and the desired result, without
taking in account all the consequences (Leinonen et al., 2008), therefore an overview of this is
from importance.

The most frequent stated causalities are Shift to Cost (97 (19)), Schedule to Cost (64 (19)) and
OR time to Cost (93 (16)), Cost is mentioned in all of them as the result-metric. Cost is the most
occurring result-metrics with 948 phrases (948 (46)). Therefore, it is not surprising that 10% of
the causalities have Cost as result. However, Cost has in total only 83 phrases (83 (9)) as cause-
metric, and is only for three metrics the cause-metric (Profit (29 (6)), Revenue (47 (2)) and
Waste (7 (2))). Cost is mainly a result-metric for the performance optimisation of the OR
instead of a cause-metric. The Shift to Cost (97 (19)) is due to the salaries of the staff
members.
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Next to Cost, the other financial related metrics are closely involved: Revenue (45 (2)) and
Profit (30 (2)). Those two are mainly a result of other cause-metrics; however, Profit is related
to Policy as cause-metric. Even though, Revenue and Profit are mostly related to the financial
metrics, Profit is related to three other non-financial metrics as result-metric, namely OR
utilisation (6 (2)), Policy (21 (5)) and Schedule (7 (2)). Therefore, it can be said that also
Revenue and Profit, primarily behave as a result-metric, with Profit as cause (30 (2)) and result
(108 (10)), and Revenue as cause (45 (2)) and as result (62 (4)). The causalities Schedule to Cost
(64 (19)) and Policy to Cost (62 (13)) are predictable since those are also the most combined
metrics. The cause-metric Policy is with 26 different result-metrics and Schedule with 20
result-metrics. The most receiving result-metrics are Cost (with 26 cause-metrics), Surgery
duration (13 cause-metrics) and Safety (12 cause-metrics). The result-metrics, OR time and OR
utilisation have the most cause-metrics, both mentioned as a cause to 11 result-metrics.
Therefore, those metrics are mostly mentioned as a result, but not as directly impactable
aspects.

As said before, there are used different articles for those causalities than are used to define
the metrics of the performance optimisation of the OR. The message of the articles was
different, namely optimisation instead of performance optimisation, therefore other metrics
are found. However, within those 56 articles, there are three overlapping articles with the 84
articles from Chapter 4 and 5, namely Breuer et al. (2020); Feldstein (2010); and Koppka et al.
(2018). The verification of the results of the earlier found metrics and reduction of the
influence of one article is done by coding with the metrics from Chapter 4 and 5. Besides that,
the causalities are based on intermediate links, which are added by researching the
frequencies of other causalities. However, this can mean that a causality is missed or
overwritten by an intermediate link, even though this included a direct link.

The number of phrases for the causalities have a higher number than the labelled phrases in
the articles, due to one phrase could include multiple causalities. The number of phrases is
increased due to clustering, the intermediate links and generalisation. Even though the
number of phrases is inexact, this number can still provide an indication of the frequency of
mentioning of the causality.

6.4.1 Metrics
When comparing the results of this chapter to the metric factors of Chapter 5, it can be
concluded that the causality between metrics is well discussed, since the number of found
phrases per article is higher (9 phrases per article for OR performance optimisation vs. 7
phrases per article for OR optimisation). One of the reasons could be that the articles used for
the causalities were focused on the optimisation of the OR and therefore can have more focus
on other aspects of the OR than the articles that focused on solely the performance
optimisation of the OR (Chapter 4 and 5).

As said, there are 42 metrics related in this overview of the causality between metrics;
however, in Chapter 5 is stated that there were 70 metrics found. This means that there is a
difference of 28 metrics. There are two metrics mentioned in this chapter, that were not
mentioned in the 70 metric factors of Chapter 5: Cancellation (cause-metric: 71 (8); result-
metric: 69 (16)) and OR opening hours (cause-metric: 85 (9); result-metric: 38 (6)). These codes
occurred as metric characteristic as by Cancellation, and as unit as OR opening hours, and have
been added with open coding after clustering. So, 31 metric factors from Chapter 5 were not
mentioned in a causality. It could be the case that some of the metrics were less often
mentioned and therefore are eliminated. However, some of them has also been deleted due
to a low number of references, for example for Discharge and Trust. Next to that, these
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metrics are partly categorised under other metrics, such as Behaviour within Team, since the
differences were not clear mentioned in these articles.

6.4.2 Generalisation
With those generalised codes, the number of metrics is reduced from 42 to 8 and the number
of causalities reduced from 253 to 51 (Figure 12). This provides a clearer overview; however,
this also reduces the details. The lack of details results in causalities within almost all the
metric-blocks and causalities to its own metric-block; nevertheless, it provides a clear
overview. The most mentioned causalities are Schedule to Schedule (475 (33)) and Schedule to
Finance (305 (33)) and. The second one corresponds with the most mentioned ungeneralised
causalities Schedule to Cost (64 (19)) and OR time to Cost (95 (16)). However, the
ungeneralised causality Shift to Cost (97 (19)) is part of Staff to Finance, which occurred in 24
articles with 149 phrases (149 (24)), which is the fifth most mentioned causality. This indicates
that generalising lead, as expected, to a loss of more detailed information and therefore can
provide an inconsistent message. Accordingly, the generalised metrics can only be used for a
quick overview and no rights can be derived.

Schedule has been mentioned in the most articles as cause-metrics (1,441 (42)) and as result-
metrics (1,070 (44)). The causality Schedule to Schedule (475 (33)) is common. Schedule is as
cause-metric related to all the result-metric; however, it is the result of five cause-metrics,
since Staff and Finance do not directly affect Schedule. Before the generalisation, the cause-
metric Policy (122 (39)) has the most linked result-metrics (26) and cause-metric Schedule (405
(27)) has the second most result-metrics (20). Schedule as a result-metric does not occur often
before generalisation. For the cause-metrics applies that four of the eight (50%) are related to
all the metrics; Equipment, Operational performance, Result and Surgery. This does not occur
by any of the result-metrics, indicating that are not necessarily two-way and cannot be
reversed. An example of this is Patients to Equipment, which does not occur; however,
Equipment to Patients occurs in two articles with 18 phrases. This also implicates that the
causes influence more to similar results, since the results are less common related.

To answer SRQ2b (“How are the assessment criteria of the operating room performance
optimisation affecting on each other?”), 56 articles about optimisation in the OR are
analysed. Within the 42 found metrics, 253 causalities of cause- and result-metrics are
found, with as most common Shift to Cost. After generalising these causalities into eight
general metrics, 51 generalised causalities, with Schedule to Schedule as most common
general causality.
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7  Critical node

The main goal of this study is to design a tool that supports the decision-making on
optimisation for the OR performance. After establishing the objectives and metrics of the
performance optimisation of the OR by a literature study, the decision-making process for
optimisation in the OR should be analysed. Resulting to the discovery of the critical node in
this chapter, since this is the current problem within the decision-making process for the OR
performance. Based on this node, the design goal will be stated, as a start for the second
diamond; design to deliver.

7.1 Aim

This chapter discusses critical node, the problem of the current situation, and the design goal
of this study, to start the designing phase for answering MRQ: “How can a decision-support
tool for optimisation in the operating room help a healthcare professional to select the
objectives and the assessment criteria for performance optimisation of the operating room and
the optimisation impact?”.

7.2 Method

After finding the objectives and metrics of the performance optimisation of the OR and the
causalities in the metrics, it is important to state the requirements of the decision-making for
the OR and the current problem in this process. In Chapter 3, the decision-making process of
the hospital and university are stated. In this chapter, the similarity in these processes is
defined as finding the focus area. Within the focus area, the problem in the current decision-
making process is searched, which is called the critical node. The critical node leads to the
design aim for the tool.

7.3 Results

The decision-making process in a hospital and at a university are discussed in Chapter 3. There
are several steps that are required in order to invest money or time in a new optimisation. The
start focusses on the desire to optimise due to an innovation or a problem. To optimise, the
goal of the studies should be determined, based on information from the (research) questions
and literature or from the input of the HCPs (such as the objective of the performance and the
optimisation metrics). This comes down to the information from Chapters 4, 5 and 6, which
state the objectives, the assessment criteria and the possible impact of the optimisation. This
information can be delivered in a report, in a meeting or in a literature review, this depends on
the preference of the HCPs. Figure 13 provides an overview of three processes of decision-
making per organisation, to simply compare the processes.

The steps can differ per hospital or process; however, they agree about sharing the necessity
of the information about the problem, desired state and the methods (Liberatore & Nydick,
2008; Nassiri et al., 2020; Pennington & DeRienzo, 2013). Different HCPs think different about
these goals, therefore there is unconsciously not a mutual vision between the HCPs. This
mutual vision is important for reaching the aim and accepting the innovation (Leinonen et al.,
2008). Besides that, the mutual vision helps the decision-making process (Littlejohn et al.,
2017). To create a mutual vision, the HCPs should all share their perspectives on the objectives
and the situation should be considered in its whole (Leinonen et al., 2008; Littlejohn et al.,
2017).
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7.4 Critical node

With the desired state, the HCPs are trying to find the most preferably/best performance (Guo,
2020) of the OR. Therefore, the state could be characterised as the performance optimisation
of the OR, and desired could be defined as most preferably/best, which depends on the
individual. Accordingly, the desired state can also be expressed as “the best performance of
the OR”. Therefore, this report starts with the objectives of the performance optimisation of
the OR and the related metrics. In the last chapters, there has been found a high heterogeneity
in perspectives on the objectives and on the metrics of performance optimisation of the OR
and in the relationship between those two. These metrics were related to each other by
possible direct links or intermediated links, which shows the impact of adjusting a variable on
the other variables, and therefore indirectly on the performance. Figure 14 provides a
simplified systematic representation of the relations between the performance objective, the
metrics and the causalities of the metrics, in order to understand the complete system.
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A

Metrics

A consequence of the limited research to the objective of performance and the optimisation
metrics in the OR is that the impact on the performances by adjusting a variable are not well
studied. This information is important for the decision-making process (Turner et al., 2017),
since the HCPs should have a mutual vision of the objectives (Leinonen et al., 2008). The lack of
a clear vision on all the facets of the OR by the HCPs could influence the decision-making in a
negative way, since the optimisation does not fit the performance or staff members, does not
improve the desired metrics or is a fruitless investment. To support a well-informed decision-
making, a view of (the optimisation of) the OR performance concerning the complete system
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should be presented to the HCPs. The impact of the optimisation on the total performance of
the OR are often unknown (Leinonen et al., 2008), and mapping these consequences is a step
that is often passed up in the decision-making process (Guo, 2020). Therefore, the area of the
complication in the decision-making process is in the beginning of the process, as is presented
with a red dashed line in Figure 15. The critical node of this study is: “The HCPs do not have a
complete vision of the performance of the OR and impact of optimisation, due to the lack of
information of the impact of optimisation on the performance of the OR”.
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7.4.1 Design aim
The aim of this study was to develop a decision-support tool for HCPs to guide the selection
of objectives and assessment criteria for performance optimisation of the OR and accounts
for the impact of an optimisation on the total system. Since there is a lack of a complete vision
of the performance optimisation of the OR (critical node), an orderly overview of factual
information is required (Turner et al., 2017), which are in this case objectives and
assessment criteria for the OR performance (the relationships between those aspects are
presented in Figure 14). This can help with covering-up the blind spots of the HCPs towards the
OR performance and the impact of the optimisation. To help designing this overview, there
should be an overview of all the relations between the objectives and metrics and causalities
between the metrics, which could indirectly provide a link to the performance objectives
(Figure 14). This view, considering the complete system, can be seen as the holistic view of
(the optimisation of) the OR performance. This route from the problem to the tool is described
shortly in Figure 16. Based on the critical node, the design goal can be formulated as
“Designing a support tool that enables and standardised the decision-making process of HCPs
on optimisation for the OR by providing a holistic view of the performance objective and its
metrics”.
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Figure 16: Relation between the decision-making process, the critical node, the design aim and
the desired result.

The HCPs do not have a holistic vision of (the optimisation of) the performance of the OR
and impact of optimisation, due to the lack of information of the effects of optimisation on
the performance of the OR and the lack of mutual goals. Therefore, the decision-making
process could benefit of a decision-support tool, with as design aim: “Designing a support
tool that enables and standardised the decision-making process of HCPs on optimisation for
the OR by providing a holistic view of the performance definition and its metrics”.
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8 Design process

The design process is based on the double diamond of Design Council (2021), which covers the
design phase from the problem via the critical node to the final tool. In this chapter, there will
be an overview of the diverging part of the second diamond to develop a design and therefore,
the concepts for the tool will be outlined.

8.1 Aim

In this chapter, the design criteria are stated to find the means for developing the decision-
support tool, which is the answer to SRQ3: “What means can be developed to support decision-
making on an optimisation of the performance of the operating room?” and fulfils the aim of
this study: “To develop a decision-support tool for healthcare professionals that guides the
selection of objectives and assessment criteria for performance optimisation of the OR and
accounts for the impact of an optimisation on the total system”. Therefore, the previous
chapters and (sub) research questions are required. With the design criteria, a
concept/multiple concepts will be chosen to lead to a design of the final tool.

8.2 Method

To understand what kind of means can be developed to support the decision-making process
on the performance optimisation of the OR and the understanding the impact of an
optimisation, the design criteria for the tool are stated. The literature, critical node, design
goals, the authors intuitiveness and knowledge are taken into account to state these criteria.
These have been clustered into general categories and design criteria, and weightings have
been added according to the importance of the criteria. Considering the design criteria, there
are selected some concepts, based on a personal brainstorm with influence of sources on the
internet, with the search term “matrix overview” and the authors knowledge. The concepts
will be reviewed and compared with the use of a Harris profile method. A Harris profile lists
the criteria and interpret the criteria on a scale from -2 to +2, whereby -2 unsuccessful and +2
fully successful is, to visualise the quality level of the criteria (Roozenburg & Eekels, 1995). The
scores are multiplied with the assigned weight per criteria. The concepts with the highest
scores will be selected, whereafter these concepts have been discussed with the supervisor of
this project and two potential users of the tool, to get a professional perspective from the
practice field.

8.3 Results

Based on the above-mentioned method, the design criteria have been defined, followed by the
concepts and the evaluation of these concepts. This leads to the selection of a concept for a
tool to support the decision-making process in the OR.

8.3.1 Design criteria
Considering the design goal, the knowledge of the decision-making process and the authors
intuitiveness, the design criteria have been set up. These criteria can be divided in three main
design categories (in blue in Figure 17), with minimal two design criteria (in red in Figure 17).
Herein, the design goal of this research is placed in the middle: creating a holistic view of the
performance of the OR. In purple in Figure 17, the justifications are presented, which indicate
the extra information of the design criteria. By explicitly outlining the basis for the information,
it allows stakeholders and decision-makers to create a holistic view and consider all the facets
of the OR during their decision-making process. The design criteria, written with capitals, will
be explained below (in alphabetical order), including the reasoning, with three main design
categories Availability, Insight in impact and User-friendly.
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Figure 17: The criteria for designing the tool. With the colours that present the level of criteria
and the numbers in the design criteria present the weightings of the criterion. Blue presents the
main design categories, red the design criteria and purple boxes are the justifications, which
present the extra information for the design criteria.

First of all, to ensure the application of the tool, the design category Availability is mentioned.
This category can be divided into design criteria Accessibility and Cheap. Accessibility
guarantees the tool to be applied without installing a new program, it should be easy to
analyse at every moment and situation in the process and therefore, the tool should run on a
well-known program for the current HCPs. This links closely to Cheap, since the hospitals have
to limited their expenses (Zhang et al., 2020; Zhang et al., 2021) and accordingly should willing
to purchase the tool.

The second design category is the Insight in impact, with the design criteria Accuracy &
precision, Consistency & robustness, Elimination non-value-added innovations, Environment in
hospital and Transparency have been defined. Accuracy & precision expects the tool to provide
correct information in a precise manner. According to Consistency & robustness, this
information should be consistent and should have a significant amount of certainty. Besides
that, this design criterion suggests the improvement of consistency in the decision-making
process over time by applying a standardised framework to different projects. The irrelevant
information should be eliminated, according to the design criterion Elimination non-value-
added innovations, which splits in Weighting criteria. This is to provide a manner to decide on
the elimination since it provides overview, challenges assumptions and understand trade-offs
between options. The design criterion Environment in hospital suggests that the idea should
align with the company’s production strategy and is usable in a hospital facility. Transparency
describes the straightforwardness and clarity in the information, the user should be able to
understand and process the outcomes, and the personal bias of the users should be minimised
to influence the information.
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User-friendly is the last design category, dividable in Aesthetic, Alignment, Functional and
Simple. The Aesthetic is the appearance of the tool, whereby the information should be visible
and clear (justification Visualisation), by the use of shapes, colours, decoration etc. Alignment
describes the requirement to provide an understandable overview and a structural clarity
(justification Structural clarity). The Easy to adjust and Reverse use are part of the design
criterion Functional. This describes the necessity to solely provide the information that is
desired, it should be easy to add or update information, when desired and the tool should be
able to be used in the other way around, so that it does not matter what the starting point
(problem or desired change in metric) is. Last but not least, the tool should be easy to use and
should take a short time period (Short time of use), which is defined the design criterion
Simple.

8.3.2 Concepts
This section is divided into two parts: programme and overview. The design criteria can be
divided over those two topics as well. In programme, the programme wherein the tool could
run is defined. Accessibility, Cheap, Environment in hospital and Functionality are related to
the programme. In overview, the concepts that outline the information are presented and the
other seven design criteria are considered.

8.3.2.1 Programme
The tool has to be developed in a computer software programme, to make it available for all
the HCPs. Therefore, the software programme should be simple, user-friendly, relevant and
recognisable for the HCPs, which also facilitate adjustments to the desires of the users. Based
on the knowledge of author and the available software of the Delft University of Technology,
five computer programmes have been selected as concept to run the tool. These programmes
are LabVIEW; MATLAB; Microsoft Excel; Microsoft Word; and Python. LabVIEW is a graphical
programming environment engineers use to develop automated research, validation and
production test systems (N.I., 2022). MATLAB is a programming and numeric computing
platform to analyse data, develop algorithms and create models (MATLAB, 2022). Microsoft
Excel and Word are both programmes from Microsoft 365 (Microsoft Corporation, 2022),
whereby Word is a word processing program and Excel focusses on spreadsheets and data
analysing. Python is a programming language with an open source and many developed
applications (Python, 2022).

8.3.2.2 Overview
Based on the seven design criteria for the overview, ten concepts have been outlined (Figure
18) and below they are described shortly (in alphabetical order). The causal diagram (also
called an arrow diagram) presents a process to find the optimal order of events and their
interconnectivity, which leads to finding the critical node (ASQ, 2022). The circle diagram
(based on the table wheel of Plutchik’s emotions wheel) describes relations between several
factors, to understand the complex interconnectivity between all the factors (Sixseconds,
2022). The decision tree is a planning overview that provides an overview of the hierarchy of
tasks or factors, which can help by decision-making (ASQ, 2022). A flowchart is defined as
sequential order of process steps in a descriptive manner (ASQ, 2022). A chart for deciding
between several solutions by comparing the impact and effort of all the solutions is the
impact-effort-matrix (ASQ, 2022). The interrelationship diagram is similar to the causal
diagram; however, it shows the cause-effect relationships, to identify all the relations between
factors (ASQ, 2022). The matrix table is the well-known type of table and displays the
relationships by the use of a diagram with columns of information (ASQ, 2022). The multiple
criteria decision analysis (MCDA), also called the decision-matrix, evaluates options based on
the criteria and its weights (ASQ, 2022). Plus, minus, interesting (PMI technique) is also known
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as the Naranjo scale, supports decision-making by assigning the positive, negative and
implications of a concept (Murali et al., 2021). The success & effect diagram is a fishbone
structure that helps discovering the critical node, due to making an overview of the process
from the beginning to the success (ASQ, 2022).
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Figure 18: The overview concepts for the tool in alphabetical order.

8.3.3 Selection
After all the concepts were defined, the selection procedure was started. This was done in two
phases: discussing concept and working out the Harris profile. The concepts have been
discussed with a fellow master student and a PhD-candidate at the Utrecht Medical Centre,
Utrecht, The Netherlands, whom could be a potential user of the tool. Four overview concepts,
causal diagram, circle diagram, PMI technique and success & effort diagram, could be
eliminated, due to the alignment, simpleness to use and functionality of the overview. For the
programme, all the concepts have been considered. The Harris profile (Tables 2 and 3) is filled
in for all the concepts of the programme and the leftover overview concepts. The Harris profile
is a chart to support decision-making, based on criteria (comparable to the above-mentioned
MCDA). The criteria are scored on a five-steps scale between -2 and 2 per concept, which
resulted in a total score for each concept.

As can be seen, Microsoft Excel, also called Excel, has been graded as the best programme for
the decision-support tool. Excel is a spreadsheet programme for the computer system
Microsoft Windows. The Microsoft programmes are well known in the society and easily
usable. For the overview concepts, there have been two concepts with the highest score
(namely 24 points); flowchart and matrix table. A flowchart describes a process and helps
deciding by the use of covering multiple steps. This scheme is a clear roadmap for the whole
process and provides the user to start at a later step in the process. With these steps, the
process becomes clear and the missing or required information is easily discovered. The matrix
table is more focused on providing an overview in the information base. This is done by rows
and columns that both describe a certain subject, the cell in between states the relation
between those subjects.
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Table 2: The Harris profile for the programme concepts, whereby the weight of the rows defines
the importance of the criteria. The height of the rows represents the weight of the criteria. The
highest scores are selected in blue.
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Table 3: The Harris profile for the overview concepts, whereby the weight of the rows defines
the importance of the criteria. The height of the rows represents the weight of the criteria. The
highest scores are selected in blue.
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The combination of the concepts, Excel, flowchart and matrix table, have been discussed with
a supervisor of this project, who is also a potential user of the tool. There is agreed on those
concepts, whereby the flowchart indeed can show the process, the matrix table can provide
the extra information, and Excel is a usable platform.

8.4 Discussion

In this chapter, the first steps to answer SRQ3, “What means can be developed to support
decision-making on an optimisation of the performance of the operating room?”, are made.
The goal of the tool consists of two parts: providing the information and providing a roadmap
for the decision-making process. For answering the MRQ, the critical node (lack of information
of the impact of optimisation on the performance of the OR), and the design goal (enable and
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standardise the decision-making process by a holistic view) are taken into account. In Chapter
9, the tool will be finalised, in such manner that the decision-makers know how to act and
what kind of information is necessary.

The concepts have been chosen based on the design criteria, which could be split into criteria
for the overview and for the programme. The design criteria Accessibility, Cheap, Environment
in hospital and Functional are graded for the programme. The tool should be applicable
without installing a new program and in a well-known program for the current HCPs
(Accessibility, Cheap and Environment in hospital). The tool should be functional for the HCPs,
without a strict starting point and easily adjustable (Functional). Those points have been
criticised by use of the design criteria and its weights. Based on the Harris profile, Excel has
been chosen to continue with. Excel is a well-known programme and easily adjustable. Besides
that, the most computers have the Microsoft software (already) and therefore is assumed that
Finance is not an obstacle. All the concepts and the selection with use of the Harris profile are
performed by the author, which indicates that no HCPs were involved. Therefore, the selection
process could contain personal bias.

The criteria for the overview can be split in criteria for flowchart and matrix table to analyse
the concepts. The flowchart agrees fully to the design criterion Consistency decision-making,
since it provides clear steps; Elimination: easy to skip a step without forgetting the next steps;
Transparency: the clearness for other in the decision-making; Aesthetics: the appearance of
the chart; and Alignment: showing a clear direction of the steps. For the matrix table, the most
design criteria are met (45% fully graded). The Accuracy and precision criterion is met, since
the matrix table could provide all information in an orderly manner; the criterion Elimination is
fulfilled, since the user could easily remove one row or column; Transparency is met, since the
relations could be shown in a understandable manner; Alignment and Simpleness are also met,
since the rows and columns are a clear structural manner Consistency decision-making and
Aesthetic are graded with one point, since the matrix table does not provide clear steps and
there could be too much information within a table.

Answering SRQ3 (“What means can be developed to support decision-making on an
optimisation of the performance of the operating room?”) started with specifying 11 design
criteria, dividable over three design categories, in order to create a holistic view of (the
optimisation of) the OR performance. With help of the Harris profiles and the design
criteria, three concepts have been selected out of five programme concepts and ten
overview concepts, to create a holistic view of the OR performance. The flowchart is
selected as a roadmap for the decision-making process, the matrix table will provide the
information in an overview and Microsoft Excel will be the running programme.

44



9 Design of decision-support tool

The tool and its functionality will be discussed in this chapter. The tool is built upon the

on the concepts Excel, flowchart and matrix table, that has been selected in Chapter 8. This
tool is supposed to be a guidance for the HCPs in the decision-making on optimisation for the
OR.

9.1 Aim

Aiming to answer the MRQ: “How can a decision-support tool for optimisation in the operating
room help a healthcare professional to select the objectives and the assessment criteria for
performance optimisation of the operating room and the optimisation impact?”, and fulfilling
the aim of this study: “To develop a decision-support tool for healthcare professionals that
guides the selection of goals and assessment criteria for performance optimisation of the OR
and accounts for the impact of an optimisation on the total system”, the final support tool is
developed. With the tool, the HCPs should be able to create a holistic view of the performance
of the OR and recognise the impact of an optimisation, as was stated in the design aim.

9.2 Method

Based on the results of the Harris profile, Excel, flowchart and matrix table are used to design a
support tool. Those three concepts have been connected into a final concept, whereby the
flowchart explains the process and the table matrix provides the specific information, running
in Excel.

Given the design goal (enable and standardise the decision-making process by a holistic view)
and the critical node (lack of information of the impact of optimisation on the performance of
the OR), the tool is developed leading to providing insight in the performance objective and its
metrics. The design goal and design criteria have been checked with the tool. Next to that, the
competence of the tool has been validated by the author. The tool is discussed with the
supervisors of this study, to address issues and revise the tool, with the goal to upgrade the
tool and help the HCPs to easily use the tool, by mentioning what is missing. To validate the
tool, a case from the LUMC, the Netherlands, have been accomplished.

9.3 Results

The tool has as goal to support decision-making of HCPs on optimisation for the OR
performance by counselling in creating a holistic view of the performance objective and its
metrics. This holistic view is required since many stakeholders are involved in the performance
optimisation of the OR and have different perspectives. Decision-making requires a mutual
vision (Littlejohn et al., 2017) and should be based on evidence (Turner et al., 2017). Therefore,
it is important that the decisions will be based on information acknowledging the whole OR.
Currently, the information is provided by the decision-makers or the initiator, with the use of
this tool the information can be gathered by determining the goal of the performance (an
optimisation) and create a mutual vision on the optimisation.

9.3.1 Step-by-step-plan
There were two overview concepts selected: the flowchart provides an overview of the steps
that are required and the matrix table provides a list of all the causalities. The flowchart starts
with a problem or an idea for an optimisation, following by the user thinking of describing
terms for the objectives or metrics related to the main goal of the optimisation. These terms
can be selected in the matrix table, whenever none of the terms are not presented, closely
related terms should be selected. Those terms can be corresponding to the codes of an
objective or a metric of the OR performance optimisation. After selecting this in the matrix
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table, a list of relations will appear. The found relations and causalities can be compared, and
lead to a target performance and finally to a holistic view.

Every step is related to a box, those are the numbered boxes in Figure 19, and to a question, as
can be seen in the text below. These steps are part of the decision-making process, when the
tool is used. They exchange some other steps from Figure 16, as “Define problems”,
“Objective” and “Criteria decision-making”.
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Select term 3 -
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Figure 19: A flowchart that provides the step-by-step-plan (the steps) of the tool, to reach the
information for the decision-making.

9.3.1.1 Step 1: Problem/innovation
As soon as a HCP of the OR identifies a problem or discovers an innovation (box 1), the HCP
should look at the flowchart, for the process steps. With the questions: “What is the problem?
What kind of innovation are we considering?”, the initiator can start their research to an
innovation. The HCP gathers background information about the topic (problem or innovation)
and informs the decision-makers about this topic.

9.3.1.2 Step 2: Choose related describing terms
The next step aims to defining the objectives or measurements for the optimisation. The
decision-makers plan a meeting and get as much as information as possible about the topic.
The group should come up with related terms to the problem or goal of an idea (box 2). Those
terms should come up in a conversation answering the question “What is the focus of this
problem/innovation?”. During the conversation, the group writes down words related to the
main objectives or measurement to this topic, for example in a mind map. Afterwards, the
group decides on the describing terms that are most related to the problem or innovation. This
should be in a conversation with multiple stakeholders, to be sure that there will not be a
personal bias of the designer in selecting the related terms to the problem or the innovation.

9.3.1.3 Step 3: Select objective or metric

The third step (box 3) involves selecting a term in the tool, to create input for the tool. It is
required to again involve multiple stakeholders (advised is to have at least three people), but
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can be done in the same meeting as step 2. The group should decide on what level they are
focussing, improving a metric or unit (metric), or more focussed on a general aspect of (the
optimisation of) the OR performance (objective). The HCPs should compare their own
describing terms to the pre-selected terms in the tool: “What are the (most) related terms in
the tool?”.

The tool provides a list of all the related objectives or metrics (Table 4), whenever one metric
or objective is selected. It can be used on different levels, since there are options to select an
objective factor, objective characteristic, metric factor and metric characteristic. The objective
factors are the general terms for the performance optimisation of the OR. The objective
characteristic is a specification on the objective factor, similar with the metrics. So, the
characteristic actually elaborates on the topic wherein the objective term applies. It is
important to realise that selecting a more specific term leads to more specific relations that
are provided by the tool. Whenever the user has a broad term of interest, there will be found a
high variety in relations, which does not counsel with creating the target performance. The
tool can be used on all the levels, by selecting the right terms. After deciding the level of input,
objective or metric, and the term, the HCP can select the term in the drop-down.

Table 4: The terms that can be chosen for the tool, as is required to select in box 3.
Performance  Terms
Accessibility, Care outcomes, Finance, Management, Patient (health)
condition, Quality-of-care, Resources, Safety, Satisfaction, Service, Staff
(health) condition, Surgical performance, Team
Adequacy, Care outcomes, Decision-making, Environment, Operational
Objective performance, Patient satisfaction, Safety, Staff performance, Staff
characteristic  satisfaction, Surgical performance, Teamwork, Technology, Value-based
healthcare, Workload
Accessibility, Accreditation, Accuracy, Audit performance, Authority, Bed
utilisation, Behaviour, Care outcomes, Communication, Complexity,
Complication, Cost, Culture, Decision-making, Diagnose, Discharge,
Distribution equipment, Disturbance, Education, Environment, Equipment
type, Equipment utilisation, Equity, Ergonomics, Expertise, Hospital
capacity, Hygiene, Idle time, Inventory, Investment, Length of stay,
Maintenance, Operational performance, OR block, OR design, OR time, OR
utilisation, Patient (health) condition, Patient flow, Patient satisfaction,
Pharmaceuticals, Policy, Profit, Readmission, Responsiveness, Revenue,
Safety, Savings, Schedule, Shift, Skill, Staff (health) condition, Staff
performance, Staff satisfaction, Start time, Stressors, Surgery duration,
Surgery efficiency, Surgery volume, Surgical performance, Survival, Team
structure, Teamwork, Technology, Treatment type, Trust, Waiting list,
Workforce, Workload
Accuracy, Anatomy, Anxiety, Authority, Bed utilisation, Behaviour,
Cancellation, Communication, Complexity, Complication, Delay,
Distribution equipment, Disturbance, Energy, Equipment, EqQuipment
inventory, Equity, Ergonomics, Expertise, Hospital capacity, Length of stay,
Metric Maintenance, Morbidity, Mortality, Nutrition, OR block, OR break, OR
characteristic ~ design, OR over time, OR time, OR utilisation, Patient satisfaction, Physical
work, Psychological condition, Responsiveness, Robustness, Sensory
factors, Shift, Skill, Sleep, Staff satisfaction, Start time, Stressors, Surgery
efficiency, Surgery volume, Task, Technology, Transparency, Treatment,
Turnover, Workforce

Objective
factor

Metric factor
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Figure 20: The relation list of the tool with the drop-down box that provides an interactive
system to select the desired codes.

9.3.1.4 Step 4: List of related metrics or objectives
Within step four (box 4), the question “What are the relations of those terms?” is answered
and an overview of the relations to the selected terms is created. Whenever a metric is
selected, a list of related objectives and causalities to this metric will be provided. These
causalities describe the impact of adjusting a metric by for example an innovation. When an
objective is selected, the tool will provide a list of related metrics. With the list of related
metrics, the causalities to the metrics can also be provided, when the metrics are selected.
Next to that, the tool can work reversible, since it can provide related metrics when the
objective is selected, or related objectives when the metric is selected.

9.3.1.5 Step 5: Defining target performance
The fifth step is to analyse these relations and define the target performance (box 5): “What
was the goal of this problem/innovation? Does this agree with the given relations?”. The
suggestion is to notice the overlapping objectives and metrics, and to discuss the results with
other professionals. With this analysis and the conversation, the targeted performance, which
is similar to the desired objective of the performance optimisation of this specific OR, or
metrics should be determined, including the related influences.

9.3.1.6 Step 6: Information for decision-making
As last step, including on all this information, it is the moment of creating a holistic view (box
6): “Should we invest more time or money in researching this innovation?”. The tool provides
information and insight in the impact of an optimisation on the OR performance. Based on the
outcomes of the tool and critical thinking, the HCP can evaluate these results. This research is
required to determine if the innovation is at the end worth to purchase or develop.

9.3.1.7 Timeline
This decision-making process normally takes a while and many stakeholders are involved. A
global timeline can be seen at Figure 21, with in blue the current situation and in green
including the tool. The suggestion is to make one person responsible for gathering the
information; however, boxes 2, 3 and 5 should be discussed with multiple stakeholders. For
boxes 2 and 3 is stated that there should be at least three HCPs, to gather multiple
perspectives. For box 5, all the involved HCPs are required, since the aim of the OR and the
decision is discussed.
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Figure 21: The timeline of the decision-making process (blue) and the timeline of the tool
(green). As last the timeline is sketched when the tool is used in the decision-making process

instead of the steps “Define problem”, “Objectives” and “Criteria decision-making” of the (blue)
decision-making process.

9.4 PORC-tool

The tool is called the Performance Operating Room Counselling (PORC-)tool (Figure 22) and
aims to cover-up the blind spots of the HCPs. It provides the information of the relations
between the performance objectives and metrics. The
PORC-tool consists of three components: an Excel file, a
brochure and a manual, as can be seen in Figure 23. The
Excel file provides the information from the OR
performance. The brochure provides a short but global
impression of the function of the tool and the step-by-step-
plan. Whenever more details are desired by the user, the
HCP is referred to the manual. Here will be given a short
overview of all the elements of the tool. These three Performance Operating Room Counselling (PORC-) tool
components will be discussed below.

Figure 22: The logo of PORC-tool.

Figure 23: The PORC-tool,
including the Excel file, brochure
and the manual on the desk.
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9.4.1 Excel file
The PORC-tool consists of six pages in the Excel file (Microsoft, 2021): the first page is an
introduction page, the second page provides the flowchart (Figure 19) and a global timeline
(Figure 21). The next two pages provide the interactive list of objectives and metrics (Figure
24), and the interactive list of the causalities between the metrics (Figure 25). The lists of
relations and causalities are interactive, since the user can select their own interest, by use of a
combo box in Excel (Microsoft, 2021), which is a drop-down list wherein an item can be
selected (Figure 20). The selectable items are the codes for the objective and metric
combinations, also provided in Table 4. The combo-box requires that the Excel file is saved as
an Excel Macro-Enables Workbook (*.xIsm). Within step four (box 4), the question “What are
the relations of those terms?” is answered and an overview of the relations to the selected
terms is created (Figure 24). Whenever a metric is selected, a list of related objectives and
causalities to this metric will be provided. These causalities (Figure 25) describe the impact of
adjusting a metric by for example an optimisation. When an objective is selected, the tool will
provide a list of related metrics. With the list of related metrics, the causalities to the metrics
can also be provided, when the metrics are selected on page four. Next to that, the tool can
work reversible, since it can provide related metrics whenever the objective is selected, or
related objectives whenever the metric is selected.

Objective factor Objective characteristic Metric factor Metric characteristic
Clear filter - Clear filter - Clear filter - Clear filter v

Objective factor Objective characteristic Metric factor Metric characteristic

Care outcomes Accessibility

Safety Accuracy

Surgical performance Accuracy

Team Accuracy

Care outcomes Audit performance

Quality-of-care Audit performance

Safety Audit performance

Surgical performance Environment Audit performance

Finance Authority

Quality-of-care Authority

Team Authority

Accessibility Bed utilization

Care outcomes Bed utilization

Finance Bed utilization

Patient (health) condition Bed utilization

Service Bed utilization

Safety Behaviour

Team Behaviour

Care outcomes Care outcomes

Care outcomes Care outcomes Morbidity

Finanre Cars oitromes

Figure 24: The third page of the PORC-tool with some of the relations between the objectives
and the metrics.

Cause-metric Result-metric
Clear filter . Clear filter .
‘Cause-metric Result-metric
OR block Bed utilization .
Patien fiow sed wnilizetion Figure 25: The fourth page of the
Policy Bed utilization
cesponenese — PORC-tool with the causalities.
Schedule Bed utilization
Surgery duration Bed utilizaticn
Surgery volume Bed utilization
Treatment type Bed utilization
Bed utilization Cancellation
Patient flow Cancellation
Policy Cancellation
Responsiveness Cancellation
Schedule Cancellation
Start time Cancellation
Bed utilization Cost
Distribution Equipment Cast
Equipment type Cost
Equipment utilization Cost
Idle time Cost
Inventory Cost
Length of stay Cost
Operational perfarmance Cast

A8 Ananing haore Frer
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The other two pages are focused on providing more information for the user about the
relations. The fifth page shows an overview of all the relations in a horizontal manner (Figure
26 and Appendix K). The last page provides an overview of all the codes (Table 4) and the
definitions of those codes (Appendix B).
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Figure 26: A part of the overview of all the relations between the objective and the metrics in a
horizontal manner, provided on the fifth page of the PORC-tool. This is just a part of the
overview due to the size of this overview. In Appendix K, the whole overview is shown.

9.4.2 Manual

The manual describes all the PORC-tool in a more detailed manner and
guides the users in their process. In Figure 27 and Appendix |, the
manual can be found. The manual covers the purpose of the tool and Counseling (PORC?) ool
the addressable questions, it provides an overview of the structure of .
the PORC-tool, including a description of the design and the supporting
materials (the brochure and this study). In the manual-chapter Practice,
the target audience, the quick guide and the timeline are discussed.
There is an elaborated step-by-step plan for the application of the tool,
including figures of each step (Figure 28) and for updating the tool. For
each step to create a holistic view, the aim of the step, the required

Performance Operating Room

participants and the essentials are noted down.

Figure 27: The manual

STEP 4

LIST OF RELATIONS Of the PORC-tool.
/AIM: CREATING A LIST OF THE RELATIONS AND CAUSALITIES FROM THE SELECTED TERMS

PARTICIPANTS: HEALTHCARE PROFESSIONAL WHO IS PROFICIENT WITH EXCEL

ESSENTIALS: PORC-TOOL, PAPER, PENCIL

1) Create the list of relations by selecting the terms in the drop-down.
a. "“What are the relations of those terms?”.

2) Copy the list of relations.
a. This can by hand, photograph or on the computer.

Metric characteristic

3) Clear the list by putting all the
drop-downs on “Clear filter”
a. If this does not work,
clear the list with
ALT+D+F+S

PORC-tool manual.

4) In case of a selected objective in step 3, identify the most related metric and perform step
3.5
5) In case of multiple chosen words, perform step 3.4 and 3.5 again.
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Figure 28: A step (step 4 of the
step-by-step-plan) from the




9.4.3 Brochure
Besides the tool and the manual, there will be given a brochure to
the users, which helps to start using the tool and contains a short | perormance =
explanation of the tool. This brochure is made on a trifold : |
template, therefore is easy to carry and distribute. It includes a
short, but clear, overview of all the functionalities of the tool and S
the steps that should be taken for usage. The goal of this brochure
is to provide a short explanation, remind the HCPs about the PORC-
tool and acquaint with potential users by sharing the brochure.

Room
Counselling

== porc) oo

——

. . - k . Figure 29: The trifold brochure
This brochure is stated in Figure 29 and in Appendix K presents the for the PORC-tool

same brochure but readable.

9.5 Validation

To validate the PORC-tool, there are performed two steps. First of all, the tool is compared to
the design criteria of Chapter 8 and to the critical node and design goal. The second step to
validate the tool, was by studying a case of the LUMC, presented below.

This critical node is defined as: “The HCPs do not have a complete vision of the performance of
the OR and impact of optimisation, due to the lack of information of the impact of optimisation
on the performance of the OR”. By gathering information, a holistic view can be created, this
aligns with the design goal, which is “Designing a support tool that enables and standardised
the decision-making process of HCPs on optimisation for the OR by providing a holistic view of
the performance objective and its metrics”. The tool provides the holistic view by a clear
overview of all the related metrics and objectives.

Besides that, there were stated 11 design criteria in the Harris Profile (including the weights):
Alignment, Consistency decision-making, Environment, Transparency (weight 3), Accessibility,
Functional, Simple (weight 2), Accuracy and precision, Aesthetic, Cheap, Elimination (weight 1).
The tool provides a clear overview in an understandable structure in a common programme,
which fulfils the criteria Accessibility, Alignment, Cheap, Functional and Simple. This tool
provides consistent information for the decision-making and the hospital can consider their
own strategy; however, it does not decide itself. Therefore, the Consistency decision-making
and Environment criteria are not fully covered, but the tool provides a structure for
consistency. The Transparency will be covered, since the manner of information gathering is
clearer. The Aesthetic is work-in-progress, still the tool functions properly, which is the main
goal for a decision-support tool. Last but not least, the criterion Elimination should make sure
that the non-relevant values would have been removed. This is not the case, since the tool
does not provide any Accuracy and precision in the relations, because this requires more
research. If the Harris profile is applied to the PORC-tool, instead of the concepts, the number
of points would be:

- Weight 3: Alignment (2), Consistency decision-making (1), Environment (0),

Transparency (1)

- Weight 2: Accessibility (2), Functional (2), Simple (2)

- Weight 1: Accuracy and precision (-1), Aesthetic (0), Cheap (2), Elimination (0)
With a total score of 25 points. This is lower than the possible number of points stated in
Chapter 8 (36 points), which indicates that there is protentional for further developments
(which is further discussed in the next chapter).
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9.5.1 Case: step-by-step-plan
The case is about the workflow within the ORs of the LUMC, the Netherlands, related to the
PhD of Schouten (2021-2025). The focus of this study is improving the functioning of the OR by
improving the well-being of the operative nurses (Schouten, 2021). The steps described in this
case are related to the step-by-step-plan and the steps in Figure 19.

9.5.1.1 Step 1: Problem
The operative nurses are crucial for the performance of the OR, they perform serval actions for
the patients, the surgery, the medical team or for the instrumentation (WHO, 2021c). The
operating nurse performs the comprehensive care, assistance and pain management during
the surgery, but is also providing the handover (WHO, 2021c), as can be seen in Appendix A.
There is predicted a great shortage of operative nurses in the OR, especially since the
operative nurses are tended to switch profession quickly (Schouten, 2021). Besides the
shortage in number of operative nurses, this is also leading to a lack of experienced operative
nurses (Schouten, 2021). To create an understanding in the causes of the drop-out of
operative nurses, the working experience and work pressure should be investigated.

9.5.1.2 Step 2: Corresponding terms
The focus of this problem is about the many steps that are required within the OR and how the
nurses experience this work. Both of those terms, experience and workload, will be visioned
from the view of the operating staff. Terms that are related to the topic work experience are
appreciation, enjoyment, knowledge, participation and satisfaction; to the topic workload are
constraint, demand, stress and, work pressure.

9.5.1.3 Step 3: Selecting terms
Within step three (box 3), the question “What are the (most) related terms in the tool?” is
answered. The list of the possible terms is given in Table 4. For this case, the working
experience and work pressure will be analysed, therefore this is an assessing criterion. This
indicates that a metric has to be studied, which most likely will be a metric factor. For this
problem, the term that is most corresponding to the metric work experience is “Staff
satisfaction”, which indicates the satisfaction of the medical staff and to the metric work load
is “Workload”, which indicates all the work that the staff needs to perform in the OR.

9.5.1.4 Step 4: Relations
The question “What are the relations of those terms?” is answered and an overview of the
relations to the selected terms is created. These two metric-terms are selected in the PORC-
tool, the third page is shown in Figure 30, to provide the relations between the objectives and
the metrics of the performance optimisation of the OR, with the upper table presenting the
relations to Staff satisfaction and the lower table the relations to Workload. The metric Staff
satisfaction is related to the performance objectives Satisfaction (as factor and with Workforce
as characteristic), Staff (health) condition and Team. For the metric Workload, the related
objectives are Quality-of-care, Safety, Staff (health) condition and Surgical performance (as
factor and with Staff performance as characteristic).

The metric-terms have also been selected on the fourth page in Figure 31 to provide a list of
the causalities. There were no related metrics found to the metric factor Staff satisfaction.
Adjusting the metric factor Workload leads to impact on three metrics: Care outcomes, Staff
(health) condition and Surgical performance. The metrics however can be influenced by other
metrics (being a result-metric). For Staff satisfaction, this are seven cause-metrics: Distribution
equipment, Idle time, OR block, Policy, Shift, Staff (health) condition and Team structure. The
metric Workload is the result of 11 cause-metrics: Distribution equipment, Equipment type,
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Idle time, Inventory, OR time, Policy, Schedule, Shift, Surgery duration, Surgery volume and
Teamwork.

Objective factor Objective characteristic Metric factor Metric characteristic
| Clear filter - | Clear filter - Staff performance = Clear filter -
Objective factor Objective characteristic Metric factor Metric characteristic
Satisfaction Staff satisfaction

Satisfaction Staff satisfaction Workforce

Staff (health) condition Staff satisfaction

Team Staff satisfaction

Objective factor Objective characteristic Metric factor Metric characteristic
Clear filter - | Clear filter - Workload = Clear filter -

Objective factor Objective characteristic Metric factor Metric characteristic
Quality-of-care Workload

Safety Workload

Staff (health) condition Workload

Surgical performance Staff performance Workload

Surgical performance Workload

Figure 30: The related objectives to the selected metrics, above with metric factor Staff
satisfaction, below with metric factor Workload.

Cause-metric Result-metric
I Workload . I Clear filter . Figure 31: The causalities of the metrics

to the selected metrics, solely of the
metric factor Workload, since for the

Workload Care outcomes Staffsatls_factlon were no SpECIfIC links
Workload Staff (health) condition
Woaorkload Surgery performance

9.5.1.5 Step 5: Targeted performance
The goal is to increase the number of operative nurses by improving their work experience and
workload. Hereby can be focussed on Staff satisfaction and Workload. The overlapping
objective of the performance optimisation of the OR, that is related to the both metrics, is
Staff (health) condition. Therefore, there can be stated that the focus of the new innovation
should be on this topic. Besides that, optimising the metrics Staff satisfaction and Workload
has influence on three different metrics: Care outcomes, Staff (health) condition and Surgical
performance.

9.5.1.6 Step 6: Decision-making
This tool does not provide a decision itself, but it focusses more on gathering a holistic view for
a specific innovation/problem. In Figure 32, the steps for this case study are presented. The
decision-making can be based on an advice, that is related to the outcomes of the tool. In this
case, the main performance seems to be Staff (health) condition and therefore the solution for
the shortage of operative nurses should focus on this performance objective. With working on
a solution, the professionals acknowledge the impact for the Care outcomes and Surgical
performance, since they can directly be influenced by the cause-metric Workload.
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Tool Optimisation

Drop-out of operative
nurses, due to working
experience and

workload 1

l

Work experience:
appreciation,
enjoyment, knowledge,

Select term

Select "Staff Select pa;gfilgfaatéggfnd
satisfaction Workload Workload: constraint,
demand, stress and
work pressure )
Quality of care, Patient
Satisfaction, Safety, Staff outcomes,
Staff (health) || No causalities (health) Staff (health) "
condition, found condition, condition, Staff (health) condition
Team Surgical Surgery
performance || performance

List of relations 4

Focus on Staff (health)
condition
Consequences in
Patient outcomes and

Surgery 6

Figure 32: The steps of the case study presented in the flowchart Figure 19.

The result of the PORC-tool has been discussed with the case-owner. The HCP mentioned that
the structure in decision-making for a research topic is satisfying. The result, Staff (health)
condition, is a focus that the HCP herself also thought of after informing herself with literature
research and her own intuition. Besides that, it is relevant to understand the impact of an
optimisation on the objectives and other metrics of the OR performance. It is good that the
PORC-tool provides an advice and evidence for the decision-making, but it still requires many
actions and a critical mind of the HCP and requires more validation. Therefore, the tool does
not provide enough evidence or information only rely on for the decision-making, but it is a
competent help for decision-making.

9.6 Discussion

This tool had as aim: “Designing a support tool that enables and standardised the decision-
making process of HCPs on optimisation for the OR by providing a holistic view of the
performance objective and its metrics” and a tool should support a mutual vision (Littlejohn et
al., 2017) and should be based on evidence (Turner et al., 2017). The tool provides a holistic
view (of the optimisation) of the performance of the OR, a view that normally should be
constructed with the help of many HCP perspectives to create a holistic view. This holistic view
is created by stating the objectives and the assessment criteria for performance optimisation
of the OR and the optimisation impact. This tool can help to gather information more easily,
provides multiple perspectives on the OR performance and supports to gather more insight
into the OR organisation and goals before the decision-making of the HCP. Since the tool
provides this view already, less HCPs are necessary at the moment of decision-making. The
PORC-tool accelerate and standardise the process, by providing structure and information
about the decision-making process to the HCPs.

The PORC-tool supports to think about HCP’s own perspectives and to start a conversation on
the perspectives on the objectives and metrics of the OR performance optimisation, creating a
holistic view of the OR performance and providing evidence for decision-making. By the
decision-making process the HCPs are supported to take a collective decision, therefore a
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mutual vision on these objectives is required (Littlejohn et al., 2017). Objective tasks (clarity in
the problem), group task (how the group behaves) and group structure (cohesiveness) can
influence the decision-making process (Littlejohn et al., 2017). Therefore, sharing the personal
perspectives can be a start in creating a mutual vision (Guo, 2020), since it clarifies the
objectives and aim for a better cohesiveness. After agreeing on the purpose of optimisation,
the assessing criteria (metrics) for the optimisation should be optimised. Therefore, the tool
provides information about the performance optimisation of the OR and the impacts of
optimisations, but can also help creating a mutual vision on the performance of the OR and
creates a simple opportunity for multidisciplinary learning.

Since the HCPs are already provided evidence by the information of the relations, there is
more time left for a conversation about the objectives and optimisation. This time can be used
to create a mutual vision, and the tool can provide evidence and a big scale of perspectives to
the discussion. The tool itself covers a lot of information; however, it does not cover all the
information. Therefore, the user should still think rationally and critically to make sure to pick
the correct terms (suggesting to perform this in a group) and to analyse the relations. After
selecting the terms in the PORC-tool, a list of related metrics (if an objective is selected) or
related objectives (if a metric is selected) will be shown, which could lead to the target
performance. Again, the user has to come up with the target performance itself, since this
varies for all organisations (Liberatore & Nydick, 2008; Nassiri et al., 2020; Pennington &
DeRienzo, 2013). With the PORC-tool, it is advised to consider the overlapping metric or
objective as the target performance; however, this does not always have to be the case.
Therefore, the user should think critically and analyse the results and advised is to discuss this
with multiple stakeholders (to stick to the mutual vision). This tool is an addition to the
conversation for the decision-making, and cannot be seen as a replacement.

The PORC-tool is a tool that does not require an expert, but can be used by all HCPs. The
assumption is that the frequency of using the tool will be greater by independent usage. The
HCPs have to can think of related describing terms, determined by the user itself, to minimise
the bias of the tool on the user. 14 objective factors, 19 objective characteristics, 70 metric
factors and 42 metric characteristics can be selected in the tool, therefore, the user has to
come up with a connection between the self-invented describing terms and the tools terms.
Someone present that already used the PORC-tool would be helpful in this step. This person
already went to the process at least once and hopefully in able to counsel the group in the
process. Still the bias of this person can then be projected on the terms. All HCPs can use the
PORC-tool without needlessly time- and money-consuming by an expert.

Since the structure for the decision-making process is already established in the PORC-tool,
presented in Figure 21, this could be time-saving for the HCPs. The first three steps of the
process without tool, “Define problem”, “Objectives” and “Criteria decision-making”, are steps
that are often passed up or are minimised. However, these steps are important to ensure the
fit of an optimisation to the objectives and the OR performance. The tool is replacing the three
steps by six steps. Even though the number of steps is increased, the steps are smaller and
require less work, since the structure and goals are already determined. Besides that, all the
information should still have been gathered and studied without the tool. Assumable is that
using the tool would be time-saving for the user, since the tool provides the steps, the
information is already gathered and studied and a singular person can perform most of the
steps individually. However, the quantification should be validated by comparing the processes
with and without the tool.

The tool does not require a baseline measurement; however, adding this could lead to
interesting information. First, this baseline measurement can help you (re)evaluate the data
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after implementation and indicate the improvements or consequences of the optimisation.
Therefore, the impact of the optimisation can be detected more systematism. Secondly, this
measurement could be a first step of stating the goal and the desired results for the HCPs.
Discussing the performance and goals can already help with specifying the demand of the
optimisation. Therefore, adding a baseline measurement is recommended for those two
reasons. This tool provides insight, but does not provide any indication of the accuracy and
precision in the relations. The users should indicate the amount of impact of an optimisation
on the OR performance. The PORC-tool cannot replace a critical mind and view on the
investment in innovations, since the tool does not consider the gravity of the problem and
does not quantify the impact of an optimisation.

The tool provides the HCPs with the requested information; however, the tool could increase
its performance, in relation to the aesthetics and the functionality. The full potential within the
tool is not reached yet in a short design process, since the validation score is less than the
concepts scores in the Harris profile (25 vs. 34). Two improvements in functionality and one in
aesthetics will be discussed. First of all, the tool could ease the guidance in the tool. At the
moment, the user has to open two programmes; Microsoft Word for the manual and Excel for
the tool. The same ineffectively step applies for the definitions of the terms mentioned in the
tool. To check these definitions, the user has to check the sixth page and therefore has to
switch between pages. Whenever the steps of the tool or the objectives of the terms would be
explained at the correct page in the Excel file (possibly via a pop-up), the user can easily check
the information. Secondly, to improve the functionality, it could help the user to get more
guidance in defining the target performance. Therefore, in the future it would be pleasant that
the HCP can select multiple terms at the same time, and that the tool itself selects the
overlapping terms. This could save-time and effort for the HCPs; however, it can also cancel
out some personal bias. For the aesthetics, the tool currently provides a list of relations;
however, most people are visually oriented, therefore it could help to create figures with all
the relations. When highlighting the relations, Figures 11 and 12 could be an example for this
figure. As said, there is room for improvement; however, the tool functions properly at this
moment.

In the future, the PORC-tool should be tested in practice to validate the accuracy, the
functionality and the reliability, by testing on more practical cases and comparing the results of
the case to the current situation, to see how the decision-making process and the results
differ. The information in the tool should be examined in practice, to apply the practical
knowledge as well. Further on, for the future, it is required that the tool is discussed with the
stakeholders and decision-makers, mainly because of the appearance and the user-
friendliness. The PORC-tool is also designed in a manner that the tool can be adjusted easily,
the stakeholders can adjust the tool easy during the practice or improvements.

In this chapter, MRQ (“How can a decision-support tool for optimisation in the operating
room help a healthcare professional to select the objectives and the assessment criteria for
performance optimisation of the operating room and the optimisation impact?”) is
answered by elaborating the concepts flowchart, matrix table and Excel. The matrix table
provides an overview of several aspects of (the optimisation of) the OR performance, the
flowchart guides the HCPs through the steps and Excel is the programme that it is running
in. The PORC-tool supports starting the conversation on the perspectives on the objectives
and metrics of the OR performance optimisation, creating a holistic view of the OR
performance and providing evidence for decision-making, and helps to accelerate the
decision-making process, by providing structure and information to the HCPs.
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10 Discussion

In this chapter, this study will be analysed and discussed. First of all, the decision-making
process will be discussed in the paragraph Decision-making. The paragraph Codes will discuss
the results from Chapter 4, 5 and 6 and the corresponding research questions with other
researches. The method of this study will be discussed in paragraph Methodology. The
technique, functionality and impact of the tool are analysed in the paragraph PORC-tool and
the further developments will be stated in the paragraph Recommendations. The conclusion
will be stated in the next chapter. At the end of this chapter, a reflection of process, from the
perspective of the author, will be given.

10.1 Decision-making

The HCPs are influenced by their own experience, attitudes, perception and the social network
(lacopino, 2018). The decisions are particularly influenced by the interpersonal relations
(lacopino, 2018), even though it should be based on evidence (Turner et al., 2017). Since the
ORis a complex organisation with many designs, responsibilities, phases and a
multidisciplinary team (Van Beekum, 2022), these decisions affect the OR on many levels and
aspects (Britt et al., 2021). The HCPs should consider the OR as a whole system while deciding
about an optimisation and anticipate on the impact of the decisions on (the optimisation of)
the OR performance. Therefore, the aim of this study was: “To develop a decision-support tool
for healthcare professionals that guides the selection of objectives and assessment criteria for
performance optimisation of the OR and accounts for the impact of an optimisation on the
total system”.

The decision-making on the optimisation of the OR performance can be at different levels, for
example solving a problem, researching the current situation or inventing a new technique.
However, similar in all studies was the stated importance of the clearness of the goals and
ability to measure this (Guo, 2020; Leinonen et al., 2008; Nassiri et al., 2020; TU Delft Library,
2022). Therefore, this study focusses on providing insight in (the optimisation of) the
performance of the OR and its metrics, which is assumable useful for all the decision-making
for the OR, though to varying degrees. To help HCPs to decide on an optimisation by stating
objectives and assessment criteria of the performance optimisation of the OR, which resulted
in the following research question (MRQ): “How can a decision-support tool for optimisation in
the operating room help a healthcare professional to select the objectives and the assessment
criteria for performance optimisation of the operating room and the optimisation impact?”. To
answer this question, there are drafted three sub questions, which will be discussed below.

10.2 Codes

The question “What is the definition of the performance of the operating room according to
the healthcare professionals to identify the objectives of optimising the performance of the
operating room?” (SRQ1), resulted in a high variety of the perspectives on the objectives (165
combinations), which corresponds with the hypothesis, that the objectives cannot be stated in
a singular definition. One of the objectives of hospitals is that they have to find a balance
between the quality and efficiency of their services (Zhang et al., 2020; Zhang et al., 2021),
which corresponds with the objective factors Quality-of-care (65% of the articles) and Surgical
performance (64%). Burdett & Kozan (2018) also mentioned the cost vs. service relation as a
balance, which corresponds with the objective factors Finance and Service, respectively 43%
and 29%. This indicates that the findings of this study are more relatable to the balance
between quality and efficiency of the service than to cost vs. service; however, it is found that
other aspects are also important, such as Care outcomes (46%) and Safety (46%). Britt et al.
(2021) stated that capacity, balancing, utilization, throughput, timeliness, and financial are the
categories of the objective functions for optimisation in the OR. In this study, 14 objective
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factors have been found, from which the most can be subdivided under these objective
functions of Britt et al. (2021); however, Care outcomes (46%) and Quality-of-care (65%) are
not mentioned in those objective functions. An explanation for this could be that the
performance of the OR is more related to service, results and patients, than the optimisation
of the OR, indicating that performance is more focussed on the actual healthcare or due to the
scope. Nassiri et al. (2020) said that the purchase in hospitals should be made based on an
analysis of patient-centred value. This value is defined as health outcomes achieved per dollar
spent, which is related to Care outcomes and Finance. Therefore, both objectives should be
mentioned in an article to state this value. This is in this study only done in 18 articles (21%),
and since more aspects are important in the OR, it makes sense to look into more objectives
for the determination of a purchase. Concluding from the high variety in perspectives on the
objectives, there are many aspects that can be focussed on for the optimisation.

The objectives can be assessed in 133 metric combinations including 70 metric factors and 42
metric characteristics, which is the answer to “What are the assessment criteria to quantify the
performance optimisation of the operating room?” (SRQ2). The answer to SRQ2a (“How are
the assessment criteria and the objectives of the operating room related to each other?”)
indicates that the most common metrics are not directly leading to the most common
objectives, suggesting that the methods are often not measuring the desired performance. In
Van Beekum (2022) is mentioned that 68% of the study has the expenditures of the OR as the
method for optimisation. In this study is found that only 13 articles (15%) mentioned Cost as a
metrics for the OR performance. However, 36 articles (38%) mentioned Finance as an objective
for the OR optimisation. This indicates that the expenditures are less important for the
optimisation of the OR performance, as found in Van Beekum (2022). This can again be
explained by the focus of the study (innovations vs. OR performance) and by the methods
(focussing on the main message or every phrase individually). The same applies for the
differences in number of studies focussing on Schedule, 30% vs. 66% of the articles (Van
Beekum, 2022). However, Schedule has been mentioned in 45% of all the phrases, so as soon
as an author mentioned Schedule, it was in a high frequency. For the units were found a high
occurrence of cost (43%) and time (48%; Van Beekum, 2022), which correlates with the high
amount of mentioned unit Money (S, €; 276 (38)) and Time: OR time (hours; 117 (32)),
respectively 45% and 38%. As can be seen, authors, researchers or organisation have different
perspectives on the OR performance, which emphasises the complexity of the OR and the
struggle in finding a mutual vision.

In the SRQ2b (“How are the assessment criteria of the operating room performance
optimisation affecting on each other?”), the causalities between metrics have been studied to
understand the impact of optimisations on the OR performance. There have been found 253
causalities, which corresponds with the hypothesis, it is assumable that the metrics would
influence each other. Cost has been mentioned as the most common optimisation result-
metric (948 (64)), which is not surprising since this was also mentioned as a main reason to
optimise in Zhang et al. (2020) and Zhang et al. (2021). The causalities and the differences in
amount of impact show that the OR is a complex system and therefore, the decisions on
optimisations on the OR performance should be taken well-informed.

10.3 Methodology

For this study, a literature study is performed based on the search terms: as first term ‘impact
AND innovation AND “operating room” AND hospital’ and as second term ‘(“operation room”
OR “operating room” OR “operating theater” OR “operating theatre”) AND (optimization OR
optimize OR optimisation) AND (hospital OR healthcare)’. The first term is used to define the
objectives and assessment criteria, and the second term is applied to confirm the found metric
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factors and to find the causalities. The first search term is focused on the impact of an
innovation, although this study is mainly about objectives of optimisation of the OR
performance, therefore these search terms do partially ascribe this study. Eventually, the term
“impact” could have been exchanged for “optimisation” or “development”, or fully removed.
However, the benefit of these terms is that it focusses on existing innovations and all stated
still an objective. Therefore, the second search term can be used to confirm the results of the
first search terms. It is also notable that for the second search terms the synonyms of the term
were searched as well, for the first it did not. At the end, it did not limit the number of articles.

Due to the scope, exclusively the ORs are considered, therefore many innovations have been
excluded. Among others, innovations that improve the OR in relation to other departments (as
ICU and PACU), even though these innovations could increase the efficiency of the OR (Debats
et al., 2021; Kheiri et al., 2021). Besides that, due to the scope, exclusively the medical vision is
included, indicating that the digital or ethical view is excluded. This is also partly due to the
search term “innovation”. Due to the focus on ORs from prosperous countries and the
exclusion of ORs for one specific procedure or including specialised instrumentation, the focus
of this study was quite narrow. This resulted in a focus on “cost vs. effects optimisation” (Van
Beekum, 2022), which could affect the frequency of the objectives greatly; however, this does
not have influence on the design of the tool.

In every article, the objectives and metrics, and factors and characteristics, and units were
identified. All the phrases in the articles that mentioned at least one of those five terms have
been selected, as long as the combination of all terms was not identified earlier in the same
article. However, if a phrase had two metric factors included with one objective, this objective
was analysed twice. Therefore, the frequencies could be influenced. Sometimes there was an
overlap in the description of the objective and assessment criteria mentioned in a phrase, this
has been selected as an objective as long as no unit was mentioned. To ensure there would be
no (or at least less) ambiguous phrases or codes, the objectives and metrics of (the
optimisation of) the OR performance should have been defined more specifically in the
beginning. There is also an inaccuracy in the frequency and number of articles by the
causalities, due to the intermediate links that are based on other studies and the personal
knowledge of the author. This is minimised to let the frequency of the causalities be the basis
of the links. This could influence the reliability of the PORC-tool or the information in the tool.

The codes have been derived from inductive coding/open coding for the objectives and the
assessment criteria. These codes have eventually been used in closed coding for the
causalities. However, there was some overlap in the definitions of the codes, therefore
sometimes the clustering was ambiguous. This has been done according to the definition of
the codes (Appendix B), but could still include some overlap in the terms. However, it has been
useful to use these codes for the causalities, to minimise the interpretation bias. To reduce the
personal bias, the identified code has been checked at least three times by the author for
validation and the objective and metric combination that occurred only in one article (# (1))
have been removed. Even though, these steps have been performed, there was still a
probability that the personal bias influenced the results. The personal bias has been the most
in stating the intermediate links, since these are based on the highest frequency of the found
causalities, but also on the authors knowledge. To validate these intermediate links, the results
should have been discussed with professionals or been validated in practice.

The high heterogeneity in the objectives and metrics for the performance optimisation of the
OR indicates multifaceted perspective on the objectives and multiple optimisation metrics. To
reach the aim of this study, the HCPs should get rid of their lack of information of (the impact
of) optimisation on the OR performance (critical node). The critical node of this study is based
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on the literature on decision-making and the experience of the author. However, this should
have been validated by HCPs or should have been analysed in practice. Therefore, the design
goal was defined as: “Designing a support tool that enables and standardised the decision-
making process of HCPs on optimisation for the OR by providing a holistic view of the
performance objective and its metrics”. In this study, the holistic view is based on the
objectives of and the metrics of performance optimisation in the OR. However, a holistic view
includes more than those two aspects of the scope of this study. For example, the relation with
other departments within the hospital or the impact on the society. Therefore, the HCPs
should think critically about their own OR and if the whole situation is covered. Besides that,
this holistic view is fully focussed on the OR in prosperous countries; however, expending this
for other (less prosperous) countries could provide a more holistic view as well. The
consideration of the objectives and metrics are a good start; however, more research to the
holistic view could be helpful to create a more complete holistic view. To ensure the
application of the tool, three design categories are stated: Availability, Insight in impact and
User-friendly.

Due to (personal) circumstances, stakeholders have not been involved in this study. Therefore,
the concepts and the tool are all brought up by the author, without co-creation with the
stakeholders and therefore personal bias can be included. Leinonen et al. (2008), Reay et al.
(2017) and Sanders (2008) stated that co-creation/co-design is a better way to design tools,
since it could help the designer focus on the users’ needs (Leinonen et al., 2008; Sanders,
2008) and on the solution of the actual problem (Leinonen et al., 2008). The co-creation can
also help to create a holistic view of and a mutual vision on the problem/solution (Leinonen et
al., 2008). At the same time, designing with stakeholders creates more knowledge about a
problem and design (Leinonen et al., 2008), and involving several stakeholders could improve
the satisfaction and acceptance of an innovation (Wilson et al., 2020). Therefore, co-designs
will be accepted faster than an enforced design (Boyd et al., 2012). In this study, this topic only
has been discussed with three medical scientists. Therefore, it is not sure how the HCPs in
hospitals look at this tool. Therefore, one of the limitations in this study is that the
stakeholders were not involved and therefore could not improve the satisfaction and
acceptance of an innovation (Wilson et al., 2020). Besides that, the diversity of teams can
indicate a range of perspectives and mental models (Leinonen et al., 2008), which can lead to
new insights.

Due to that the PORC-tool is not designed and tested in practice, but developed with
literature. There is a need to apply the PORC-tool in practice, to validate and improve the tool.
This tool can be a first step to an improved decision-making process on the OR performance
and creating a mutual vision on the objective of the performance optimisation of the OR. With
use of the mutual vision and to apply the knowledge and experience of HCPs, there will be
more support for the optimisation (Littlejohn et al., 2017). This tool can accommodate the
HCPs to better align the process and outcomes with the values, needs and expectations, to
accelerate the constructive decision-making and creates a simple opportunity for
multidisciplinary learning. The tool has been validated by comparing the tool to the design
criteria and by applying the tool on a case. However, this does not fully prove the accuracy, the
functionality and the reliability of the tool yet. The same applies for the manual, that has been
checked by scientists; however, there HCP had advanced knowledge of Excel and knew the
functionality of the tool.
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10.4 PORC-tool

The PORC-tool consists of three components; an Excel file, a manual and a brochure. By
answering SRQ3 (“What means can be developed to support decision-making on an
optimisation of the performance of the operating room?”), the Excel file consists of two parts;
a flowchart that describes a process and counsels the decision-making process, due to covering
multiple steps and the matrix table is more focused on providing an overview in the
information base. The HCPs can be supported in their decision-making for optimisation in the
OR by creating a holistic view of the objectives and the assessment criteria for performance
optimisation of the OR and the optimisation impact. This holistic view can support starting a
conversation with the HCPs about their objectives according (the optimisation of) the
performance of the OR. A mutual vision on these objectives should be determined, which can
be done by effective and respectful communication, equal participation, consensus-based
decision-making (Littlejohn et al., 2017). Therefore, all the information should be gathered,
and the decisions should be taken in a well-informed and evidence-based manner (Guo, 2020).
After agreeing on the objectives, the methods to achieve these objectives can be determined,
by stating the metrics. Based on all the information in the PORC-tool and on the mutual vision
on the performance optimisation of the OR can lead to a well-informed decision, which
corresponds to aim of this study: “To develop a decision-support tool for healthcare
professionals that guides the selection of goals and assessment criteria for performance
optimisation of the OR and accounts for the impact of an optimisation on the total system”.

The complexity of the OR is well-known by the HCPs (Van Beekum, 2022), due to the number
and types of surgeries that are performed and due to the many aspects, that the OR includes.
The types of HCPs all have a personal external reality within their mind, also called a mental
model (Fox et al., 2014), based on their knowledge and experience in the field. The differences
in mental models carry different knowledge, skills and abilities (Fay et al., 2006), but can also
lead to different goals or priorities in the OR. It is important to have mutual perspectives on a
situation while decision-making (Leinonen et al., 2008; Littlejohn et al., 2017), therefore these
mutual perspectives should be combined into a singular view. This view is the holistic view in
this study. This tool combines multiples visions and perspectives on the objectives and the
assessment criteria of the OR performance optimisation. Combining all this information helps
the HCPs create a holistic view of the OR and create new knowledge (Turner et al., 2017), since
the tool enhances to share perspectives and opens up the conversation about the OR
performance optimisation, which could lead to a mutual vision (Littlejohn et al., 2017). If there
are already many perspectives involved, the holistic view could already be made by the
perspectives of the stakeholders; however, when this is not the case a holistic view is required.
This tool provides the user already with different per perspectives, due to the explicitly this can
support exchanging mental models. Therefore, this tool can help to gather information more
easily, since it provides multiple perspectives on the OR performance and supports to gather
more insight into the OR organisation and goals before the decision-making of the HCP.
Besides that, the tool can help the HCPs to explain their decisions, since the method can be
presented schematical and the objectives and impact can be verified. Therefore, the answer to
the main research question is that the HCPs should be facilitated to consider the whole
complex system in their decision-making process and create a mutual vision on the objectives
and assessment criteria.

It counsels getting insight into the evidence; the relations and causality between the objectives
and metrics of the performance optimisation of the OR. Due to this, the users can indicate the
influence of a certain optimisation without implementing it. The metrics can function as a
relation to the objectives, as a measurement option and as an understanding of a problem.
This tool can also be used during an implementation or a design process, to validate if the
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project is still on the desired track or if the HCPs are still on the same page. The user still has to
be critical themselves, by defining the target performance. To come to the target performance,
the user is advised to find the overlapping objectives and metrics of the OR performance
optimisation. This function could be built into the tool, which decreases the number of tasks of
the HCPs; however, it probably also leads to less critical thinking of the user, since it is partly
done by the tool. But could also contain more personal bias.

The PORC-tool is developed with the assumption that HCPs are open to get support in their
decision-making process. However, this is not validated by the HCPs itself. According to Turner
et al. (2017), there is still a power dynamic present in the decision-making, the highest in
hierarchy are the ones deciding. However, evidence is a crucial part of the decision-making and
the persuading of the decision-makers (Turner et al., 2017), and therefore is important within
a decision-support tool. The PORC-tool consists of scientifical information that can be seen as
evidence. Per group, organisation and person, it differs how the decision-making is performed
and who is involved in the decision-making process. Therefore, the number of influences and
perspectives differs per time. But since the step-by-step-plan for the decision-process is
mentioned already, this tool can accommodate the HCPs to better align and standardise the
process and outcomes with the values, needs and expectations, to accelerate the constructive
decision-making

Due the comprehensive healthcare agreement 2022 of the Netherlands (Dutch: Integraal
Zorgakkoord 2022), described in Chapter 2, there has been organised a symposium by the
Dutch Health Leaders Foundation themed “Determine the value of your healthcare innovation”
(Dutch: “Bepaal de waarde van je zorginnovatie”; Dutch Health Hub, 2022). The PORC-tool can
support determining the added value of an optimisation decision for the OR performance,
since it provides a clear insight in the impact of implementing an innovation. Therefore, this
tool is aligned with the comprehensive healthcare agreement 2022 and therefore supports the
Dutch government, umbrella organisations of hospitals, mental healthcare and care for the
elderly.

There have been developed a tool in 2020 that helps decision-making for surgical value-based
purchasing (Nassiri et al., 2020). This tool focussed on the weighting the patient and clinical
care factors, surgeon and care team factors and the hospital factors (finance and sourcing)
(Nassiri et al., 2020). Based on a literature study, a list of questions is made to determine about
the purchasing. The tool of Nassiri et al. (2020) differs from the PORC-tool, since the PORC-tool
provides information about the impact of the optimisation on the OR performance. PORC-tool
provides a holistic view of (the optimisation of) the OR performance by use of a clear,
structural overview, to support a conversation about the perspectives on objectives and the
metrics and stimulate a clarification of the objectives for the optimisation and what methods
could help the HCPs to reach this goal.

10.5 Recommendations

This tool focusses on ORs in public hospitals exclusively, only in prosperous countries.
Therefore, this tool can be used for all general ORs in this area, but is not perfectly suitable for
ORs that are specialised or have specialised equipment, such as imaging equipment. The PORC-
tool can be used for these ORs as well; however, more factors are involved. The user can add
information or should think critically about the input and output of the tool. Besides that, the
innovations related to other departments in the hospital are not considered. However, with
critical thinking, it is assumable that the tool can be used for other departments within the
hospital as well, since it provides an impression of the objectives and metrics. Also, it provides
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a structure to create a holistic view before the decision-making or start up a conversation
between the HCPs about the objectives of the optimisation.

The PORC-tool is based on an extensive literature study to the objectives and assessment
criteria of the OR performance optimisation. Therefore, this tool cannot be implemented in
other (scientific) fields since it does not contain the relevant information; however, the
method and template could be applied in these sectors. The literature study is time-consuming
and a great deal of work, and therefore probably not visible for professionals to perform.
Another method to gather information is by going into conversation with professionals about
the objectives and assessment criteria in their (scientific) field. This should be listed and
mapped, to discover relations. To validate this, the information should be validated by
literature. Assumable this conversation would already give insight in the objectives and can
create a mutual vision, required for a sustainable decision (Littlejohn et al., 2017). Although, by
implementing the gathered information in the template, the tool, and therefore the
information, can be applied more times, which is time-efficient and can become a standard
method of decision-making. The PORC-tool can after gathering the correct and relevant
information be generalised for other sectors to create a holistic view about the optimisation.

To validate the tool, it is recommended to test the PORC-tool with more cases and to optimise
the tool with stakeholders and potential users. It is appreciated that the tool is discussed with
the stakeholders and decision-makers, mainly because of their expertise on the OR and the
objectives of the OR performance. They are pre-eminently the ones with the knowledge and
experience on the OR performance and OR optimisations. Therefore, they could further refine
the content of the tool. Besides that, the results of cases can be compared to the
results/impact of introducing an optimisation to the OR performance, to indicate the effects of
the tool. All the information is gathered by one person, even though the personal bias is tried
to minimalised, there could be bias in the objectives, metrics and causalities of the metrics.
Therefore, the information should be verified in practice and with stakeholders. One of the
improvements could be adding a more specific timeline, in order that the HCPs can check at
what moment the tool could be useful. But also, for the appearance and the user-friendliness,
the input of stakeholders could help. The tool is also designed in a manner that the tool can be
easily adjusted, the stakeholders can adjust the tool during the optimisation.

The PORC-tool can provide insight in the impact and consequences of an optimisation;
however, it does not quantify this. Therefore, another recommendation is to add any
indication of the accuracy and precision in the metric causalities, which also can be done by
literature and practice. The tool also does not elaborate on the units of the metrics; however,
these can be found in Appendix F. For the future, it would be recommended to implement
these on another sheet in the PORC-tool. To elaborate the tool even further, the data can be
gathered for private or specialist hospitals as well and more information about disease-specific
surgeries can be added. It would also be interesting to add information or adjust the tool for
underdeveloped countries, since assumable they cannot use the PORC-tool due to other
objectives and decision-making processes. Other interesting topics to research could be
evaluating the impact after implementation, and the kind of situations where the tool could be
used, for example implementing the costs/service delivery (Naderi et al., 2021), which is
pressured in the hospitals (Xiao & Yoogalingam, 2021).

10.6 Reflection

The master CDI focusses on the communication in innovation processes, often in
multidisciplinary environments to improve understanding of problems or create ingenious
innovations for complex situations. BME is a combination of at least two research fields,
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namely engineering and healthcare and could therefore be seen as a multidisciplinary field. In
this study, BME vision covers mainly the understanding of the complexity of the OR by use of a
literature study. This understanding is not only important to explain the research, but also to
create support for the innovation or the application (Littlejohn et al., 2017). The complexity of
the OR is amplified by the many visions and mental models of the involved disciplines. For CDI,
the focus was mainly on the decision-making between multidisciplinary fields and come to a
collective decision by sharing different visions. This could help biomedical engineers with
determining the goals of an innovations or the direction of a solution. By combining the two
fields, there is created an understanding of the complexity of the OR and its decision-making,
which lead to the PORC-tool, that acknowledges the desires and requirements from the both
fields. Concluded can be that technical knowledge and understanding of multidisciplinary
collaboration is essential for developing this tool, since it combines several perspectives and
creates a holistic view.

The healthcare system in prosperous countries is already good; however, BME focusses on
everything that could/should be improved. To improve the healthcare and its decision-making,
there should be performed more research, in my opinion especially in the combination of BME
and CDI. However, other disciplines could be involved as well to create a better understanding
in the decision-making on healthcare. To understand the complexity of situations better,
collaboration between several research fields is required (Fay et al. 2006), including HCPs,
engineers and financial expertise for the OR. In my opinion, it could help to set priorities is
goals and limits for the optimisation of the OR, to consider innovations. Hereford, the politics
could take a leading position; however, the decision-making system in the hospitals should be
changed as well, thinking about releasing the hierarchy while creating a holistic view.

A requirement for optimisation is multidisciplinary collaboration, in my opinion. Due to these
collaborations, sustainable decisions can be made in/for the designing processes and
innovations can optimise the healthcare, support implementation and the acceptance of the
innovation by the laymen and HCPs (Fay et al. 2006). In the last paragraphs, there is reflected
on this study and the masters BME and CDI and the added value of combining those. It
includes my personal vision on the studies, and the current scientifical fields and research.
Therefore, no scientifical rights can be derived from this.

The PORC-tool provides a holistic view of (the optimisation of) the OR performance,
including the high heterogeneity in the perspectives on the objectives and metrics for the
optimisation of the performance of the OR. This holistic view is created in the PORC-tool,
however, the information for the tool and the design of the tool is gathered by one person,
even though co-design would be better for the result. The PORC-tool provides insight for
the users and stakeholders by creating a holistic view with a clear and structural overview.
This tool can accommodate the HCPs to better align the process and outcomes with the
values, needs and expectations, to accelerate the constructive decision-making and creates
a simple opportunity for multidisciplinary learning, by sharing perspectives and starting a
conversation. This tool provides a lot of information and does not require an expert;
however, the HCPs should still think critically about their input and results. For the future,
the tool should be validated in practice and be test on the functionality.
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11 Conclusion

Last decades, the OR is pressured to improve the quality of care (Britt et al., 2021), reduce the
expenditure (Britt et al., 2021), manage the high need for services (Bovim et al., 2020; Kheiri et
al., 2021) and enhance the safety (WHO Europe, 2021; WHO, 2021c). For optimisation in the
OR, the objectives and assessment criteria for the OR should be known or defined per
situation. This is hard, since the OR is a complex organisation with multidisciplinary teams
(WHO, 2021c), a constant evolution in design (Chasseigne et al., 2020), high time-pressure
(Xiao & Yoogalingam, 2021) and the high responsibility for lives (Burdett & Kozan, 2018).
Currently, HCPs often take the decisions based on experience, attitudes and society pressure
(lacopino, 2018), even though decision-making requires a mutual vision (Littlejohn et al., 2017)
and should be based on evidence (Turner et al., 2017). The ignorance of HCPs about (the
optimisation of) the performance of the OR, leads to different situations as wrong purchasing,
no specific goal and research. Therefore, the MRQ is defined as: “How can a decision-support
tool for optimisation in the operating room help a healthcare professional to select the
objectives and the assessment criteria for performance optimisation of the operating room and
the optimisation impact?”.

This question is partly answered by gathering evidence for the decision-making, respectively
stating the objectives of the performance optimisation of the OR by an extensive literature
study (SRQ1: “What is the definition of the performance of the operating room according to the
healthcare professionals to identify the objectives of optimising the performance of the
operating room?”). A big variety in the objectives have been found, in total, there are found 14
objective factors with a general focus on the performance optimisation of the OR and 19
objective characteristics. Metrics and units are identified as an answer on SRQ: “What are the
assessment criteria to quantify the performance optimisation of the operating room?”.
According to the clustered phrases from 84 articles in factors and characteristics of the
metrics, there are identified 70 metric factors, 42 metric characteristics and 29 units. By asking
“How are the assessment criteria and the objectives of the operating room related to each
other?” (SRQ2a), there have been found a high number of relations between objectives and
metrics (namely 223 in number). The most common objective does not correspond with the
most common metric and can be stated that the methods are therefore often not measuring
the desired performance optimisation. For comparing ORs, Schedule could be a good method,
since this is the most common metric and occurs in 50% of the objectives. By analysing 56
other articles SRQ2b (“How are the assessment criteria of the operating room performance
optimisation affecting on each other?”) can be answered, the metrics have been verified and
causalities between the metrics are indicated. There are found 253 causalities between 42
metrics, which confirms the complexity of the OR.

The OR is a multifaceted and complex organisation; therefore, the decision-making process
requires evidence (Turner et al., 2017) and a mutual vision (Littlejohn et al., 2017) on the OR
performance. A holistic view of the (the optimisation of) performance of the OR can help to
create a mutual vision, therefore supports a well-informed decision-making. This led to
designing the Performance Operating Room Counselling (PORC-)tool that enables and
standardised the decision-making on performance optimisation for the HCPs in the OR by
counselling in considering a holistic view of the performance objective and its metrics. The tool
consists of three parts: an Excel file, a manual and a brochure. The manual provides guidance
for the tool-user and brochure is a short version of the manual and can remind the potential
user to use and share the tool. The Excel file provides an overview of the relations between the
objectives and metrics and of the causalities of the metrics. The Excel file is based on a
flowchart that describes a process and helps deciding due to covering multiple steps and a
matrix table that focusses more on providing an overview in the information base, as the
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answer to “What means can be developed to support decision-making on an optimisation of
the performance of the operating room?” (SRQ3).

Creating a holistic view, causing HCPs to think about their objectives for the OR, how this could
be achieved, sharing (different) perspectives on the objectives or assessing criteria and
creating a mutual vision contributes to a well-informed decision on the OR performance. The
PORC-tool provides a clear and structural overview, that provides evidence about the
objectives, the assessing criteria, relations and causalities of the OR and facilitates to consider
the whole complex system in their decision-making process. The PORC-tool accelerate and
standardise the process, by providing structure and information about the decision-making
process to the HCPs. In the future, this tool can help to gather information more easily and
therefore more insight into the OR organisation and goals before the decision-making of the
HCP. However, more validation and upgrading of the tool is desired to adopt the PORC-tool in
practice. After validating this tool and analysing the result, the tool could be applied in other
(health) departments or sectors if desired.

The PORC-tool is designed to create a holistic view that enables and standardised the
decision-making process of HCPs on optimisation for the OR performance. This tool
supports the HCPs to clarify what their objectives are for the OR performance and what
method could help them to reach this goal. This tool opens up the perspectives and the
conversations about the OR performance optimisation, to create a mutual vision under the
HCPs. The PORC-tool could support the HCP to take decisions whereby the whole complex
system is considered in a standardise process. This is the answer to the MRQ: “How can a
decision-support tool for optimisation in the operating room help a healthcare professional
to select the objectives and the assessment criteria for performance optimisation of the
operating room and the optimisation impact?”. However, for the factual support, the tool
should be validated in practice.
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“A good decision is based on the
holistic view of the knowledge and a
mutual vision, and not only on
numbers”

K.E. van Beekum

Adaptations to a quote of Plato: "A good
decision is based on knowledge and not
on numbers"

68



Bibliography

Abedini, A,, Li, W., & Ye, H. (2017). An Optimization Model for Operating Room Scheduling to
Reduce Blocking Across the Perioperative Process. Procedia Manufacturing, 10, 60-70.
https://doi.org/10.1016/j.promfg.2017.07.022

Adams, L. W., Aschenbrenner, C. A., Houle, T. T., & Roy, R. C. (2016). Uncovering the History of
Operating Room Attire through Photographs. Anesthesiology, 124(1), 19-24.
https://doi.org/10.1097/ALN.0000000000000932

Adams, Z,, Lu, K., Seo, M.H., Binger, T., Corgel, R., Chen, H., Ji, R., Suresh, M., & Harder, B.
(2021). Methodology. U.S. News & World Report 2021-2022 Best Hospitals Procedures &
Conditions Ratings. U.S. News & World Report, L.P.

Adams, Z., Binger, R., Chen, H., Davis, A., Hilton, K., Ji, R., Kar, N., Lu, K., Seo, M. H., Wen, C., &
Harder, B. (2022). Methodology. U.S. News & World Report 2022-2023 Best Hospitals
Procedures & Conditions Ratings. News & World Report, L.P.

Advisory Board (2022, August 1). Value Analysis Committees. Retrieved from:
https://www.Advisory.Com/Topics/Life-Sciences/2021/05/Value-Analysis-Committees.

Ahmadi, E., Masel, D. T., & Hostetler, S. (2019). A robust stochastic decision-making model for
inventory allocation of surgical supplies to reduce logistics costs in hospitals: A case
study. Operations Research for Health Care, 20, 33-44.
https://doi.org/10.1016/j.0orhc.2018.09.001

Alban, R. F., Anania, E. C., Cohen, T. N, Fabri, P. J.,, Gewertz, B. L., Jain, M., Jopling, J. K.,
Maggio, P. M., Sanchez, J. A., & Sax, H. C. (2019). Performance improvement in surgery.
Current Problems in Surgery 56(6), 204-208.
https://doi.org/10.1067/j.cpsurg.2019.02.003

Aringhieri, R., Duma, D., Landa, P., & Mancini, S. (2022). Combining workload balance and
patient priority maximisation in operating room planning through hierarchical multi-
objective optimisation. European Journal of Operational Research, 298(2), 627-643.
https://doi.org/10.1016/j.ejor.2021.07.033

Asch, D. A,, Bellini, L. M., Desai, S. v., Darragh, D., Asch, E. L., & Shea, J. A. (2022). An innovation
tournament to improve medical residency. Healthcare, 10(1).
https://doi.org/10.1016/j.hjdsi.2022.100614

ASQ (2022, June 2). Quality resources. Retrieved from: https://Asq.Org/Quality-Resources.

Atlas.ti (2021). Atlas.ti (No. 9). Atlas.ti.

Auerbach, M., Gausche-Hill, M., & Newgard, C. D. (2018). National Pediatric Readiness Project:
Making a Difference Through Collaboration, Simulation and Measurement of the Quality
of Pediatric Emergency Care. Clinical Pediatric Emergency Medicine, 19(3), 233-242.

Bam, M., Denton, B. T., van Oyen, M. P., & Cowen, M. E. 2017). Surgery scheduling with
recovery resources. /ISE Transactions, 49(10), 942—-955.
https://doi.org/10.1080/24725854.2017.1325027

Bargetto, R., Garaix, T., & Xie, X. (2019). Dynamic Insertion of Emergency Surgeries with
Different Waiting Time Targets. IEEE Transactions on Automation Science and
Engineering, 16(1), 87-99. https://doi.org/10.1109/TASE.2018.2850143

Bath, M. F., Awopetu, A. |., Stather, P. W., Sadat, U., Varty, K., & Hayes, P. D. (2019). The
Impact of Operating Surgeon Experience, Supervised Trainee vs. Trained Surgeon, in
Vascular Surgery Procedures: A Systematic Review and Meta-Analysis. European Journal
of Vascular and Endovascular Surgery, 58(2), 292-298.
https://doi.org/10.1016/j.ejvs.2019.03.029

Bayramzadeh, S., Ahmadpour, S., & Aghaei, P. (2021). The relationship between sensory
stimuli and the physical environment in complex healthcare settings: A systematic
literature review. Intensive and Critical Care Nursing, 67.
https://doi.org/10.1016/j.iccn.2021.103111

69



Beaulieu, M., & Bentahar, 0. (2021). Digitalization of the healthcare supply chain: A roadmap
to generate benefits and effectively support healthcare delivery. Technological
Forecasting and Social Change, 167. https://doi.org/10.1016/j.techfore.2021.120717

Belykh, E., Onaka, N. R., Abramov, I. T., Yagmurlu, K., Byvaltsev, V. A,, Spetzler, R. F., Nakaj, P.,
& Preul, M. C. (2018). Systematic Review of Factors Influencing Surgical Performance:
Practical Recommendations for Microsurgical Procedures in Neurosurgery. World
Neurosurgery, 112, 182-207. https://doi.org/10.1016/j.wneu.2018.01.005

Bender, J. S., Nicolescu, T. O., Hollingsworth, S. B., Murer, K., Wallace, K. R., & Ertl, W. J. (2015).
Improving operating room efficiency via an interprofessional approach. American Journal
of Surgery, 209(3), 447-450. https://doi.org/10.1016/j.amjsurg.2014.12.007

Bilgic, E., Valanci-Aroesty, S., & Fried, G. M. (2020). Video assessment of surgeons and surgery.
Advances in Surgery, 54, 205-214.

Bionix (2022, August 1). Understanding Value Analysis Committees. Retrieved from:
ttps://Bionix.Com/Newsroom/Post/Understanding-Value-Analysis-Committees-%7C-
Hospital-Value-Based-Purchasing.

Birkhoff, D. C., van Dalen, A. S. H. M., & Schijven, M. P. (2021). A Review on the Current
Applications of Artificial Intelligence in the Operating Room. Surgical Innovation, 28(5),
611-619. https://doi.org/10.1177/1553350621996961

Boet, S., Etherington, N., Lam, S., L&, M., Proulx, L., Britton, M., Kenna, J., Przybylak-Brouillard,
A., Grimshaw, J., Grantcharov, T., & Singh, S. (2021). Implementation of healthcare
research technology through patient, clinical and organisational engagement: A case
study of The Operating Room Black Box® Research Program at The Ottawa Hospital.
Journal of medical Internet research, 23(3), 15443.
https://doi.org/10.2196/preprints.15443

Bottani, E., Bigliardi, B., & Franchi, B. (2022). Process optimization in the hospital environment:
A systematic review of the literature and results’ analysis. Procedia Computer Science,
200, 1674-1684. https://doi.org/10.1016/j.procs.2022.01.368

Bovim, T. R., Christiansen, M., Gullhav, A. N., Range, T. M., & Hellemo, L. (2020). Stochastic
master surgery scheduling. European Journal of Operational Research, 285(2), 695-711.
https://doi.org/10.1016/j.ejor.2020.02.001

Boyd, H., Mckernon, S., Mullin, B., & Old, A. (2012). Improving healthcare through the use of
co-design. NZMJ, 29. http://journal.nzma.org.nz/journal/125-1357/xxxx/ © NZMA

Bretonnier, M., Michinov, E., Morandi, X., & Riffaud, L. (2020). Interruptions in Surgery: A
Comprehensive Review. Journal of Surgical Research, 247, 190-196.
https://doi.org/10.1016/].jss.2019.10.024

Breuer, D. J., Lahrichi, N., Clark, D. E., & Benneyan, J. C. (2020). Robust combined operating
room planning and personnel scheduling under uncertainty. Operations Research for
Health Care, 27. https://doi.org/10.1016/j.0rhc.2020.100276

Britt, J., Baki, M. F., Azab, A., Chaouch, A., & Li, X. (2021). A stochastic hierarchical approach for
the master surgical scheduling problem. Computers and Industrial Engineering, 158.
https://doi.org/10.1016/].cie.2021.107385

Broe, M. P., Bolger, J. M., Norton, S., David, S., Coffey, J. C., & Giri, S. K. (2021). A prospective
study of the components of operating room utilisation time for robotic urological surgery
in a public teaching hospital setting. Journal of Clinical Urology, 14(5), 316—-321.
https://doi.org/10.1177/2051415820942714

Brun, M., Flizéry, A. K., Henschke, B., Rozak, K., & Venner, A. A. (2021). Identifying sources of
error and selecting quality indicators for point of care testing. Practical Laboratory
Medicine, 25. https://doi.org/10.1016/j.plabm.2021.e00216

Briingger, B., Bahler, C., Schwenkglenks, M., Ulyte, A., Dressel, H., von Wyl, V., Gruebner, O.,
Wei, W., Serra-Burriel, M., & Blozik, E. (2021). Surgical procedures in inpatient versus
outpatient settings and its potential impact on follow-up costs. Health Policy, 125(10),
1351-1358. https://doi.org/10.1016/j.healthpol.2021.07.006

70



Burdett, R. L., & Kozan, E. (2018). An integrated approach for scheduling health care activities
in a hospital. European Journal of Operational Research, 264(2), 756-773.
https://doi.org/10.1016/j.ejor.2017.06.051

Burlingame, B. (2014). Operating Room Requirements for 2014 and beyond. FGI Guidel Updat
Ser, 1-6.

Chasseigne, V., Bouvet, S., Chkair, S., Buisson, M., Richard, M., de Tayrac, R., Bertrand, M. M.,
Castelli, C., Kinowski, J. M., & Leguelinel-Blache, G. (2020). Health economic evaluation of
a clinical pharmacist’s intervention on the appropriate use of devices and cost savings: A
pilot study. International Journal of Surgery, 82, 143-148.
https://doi.org/10.1016/].ijsu.2020.08.021

Childers, C. P., & Maggard-Gibbons, M. (2018). Understanding costs of care in the operating
room. JAMA Surgery, 153(4). https://doi.org/10.1001/jamasurg.2017.6233

Chrouser, K. L., Xu, J., Hallbeck, S., Weinger, M. B., & Partin, M. R. (2018). The influence of
stress responses on surgical performance and outcomes: Literature review and the
development of the surgical stress effects (SSE) framework. American Journal of Surgery,
216(3), 573-584. https://doi.org/10.1016/j.amjsurg.2018.02.017

Cichos, K. H., Hyde, Z. B., Mabry, S. E., Ghanem, E. S., Brabston, E. W., Hayes, L. W., McGwin,
G., & Ponce, B. A. (2019). Optimization of Orthopedic Surgical Instrument Trays: Lean
Principles to Reduce Fixed Operating Room Expenses. Journal of Arthroplasty, 34(12),
2834-2840. https://doi.org/10.1016/j.arth.2019.07.040

Clemons, B. J. (2000). The first modern operating room in America. AORN Journal, 71(1).
https://doi.org/10.1016/50001-2092(06)62179-0

Coffey, C., Cho, E. S., Wei, E., Luu, A., Ho, M., Amaya, R., Pecson, M., Dalton, F. v., Kahaku, D.,
Spellberg, B., & Sener, S. F. (2018). Lean methods to improve operating room elective
first case on-time starts in a large, urban, safety net medical center. American Journal of
Surgery, 216(2), 194-201. https://doi.org/10.1016/j.amjsurg.2018.05.002

Cohen, T. N., Cohen, K. A., Burton, C. S., Kanji, F. F., Francis, S. E., Patel, D. C., Ackerman, A. L.,
Eilber, K. S., & Anger, J. T. (2021). Identifying Opportunities to Improve Patient Experience
With Sacral Neuromodulation: A Human Factors Approach. Urology, 150, 207-212.
https://doi.org/10.1016/j.urology.2020.04.092

Collins, W. O., Davies, L., & Skorupski, D. (2017). Protocols for distribution of new operating
room block time. Perioperative Care and Operating Room Management 7, 18-23.
https://doi.org/10.1016/j.pcorm.2017.03.003

Cossio-Gil, Y., Omara, M., Watson, C., Casey, J., Chakhunashvili, A., Gutiérrez-San Miguel, M.,
Kahlem, P., Keuchkerian, S., Kirchberger, V., Luce-Garnier, V., Michiels, D., Moro, M.,
Philipp-Jaschek, B., phil, M., Sancini, S., Hazelzet, J., Stamm, T., & biol hum, rer. (2022).
The Roadmap for Implementing Value-Based Healthcare in European University
Hospitals-Consensus Report and Recommendations Introduction and Background. Value
in Health, 25(7).

Crocitto, L., Kapoor, D. A., & Loughlin, K. R. (2021). Development of Physician Leaders. Urologic
Clinics of North America, 48(2), 179-186. https://doi.org/10.1016/j.ucl.2021.01.002
Crosby, L., Lortie, E., Rotenberg, B., & Sowerby, L. (2020). Surgical Instrument Optimization to
Reduce Instrument Processing and Operating Room Setup Time. Otolaryngology - Head

and Neck Surgery (United States), 162(2), 215-219.
https://doi.org/10.1177/0194599819885635

Debats, C. E. J. M., Dellaert, N. P., Pouwels, S., & Stepaniak, P. S. (2021). Balancing Workload in
the PACU by Using an Integrated OR Planning Methodology. Journal of Perianesthesia
Nursing, 36(3), 279-290. https://doi.org/10.1016/j.jopan.2020.09.004

Deng, Y., Shen, S., & Denton, B. (2019). Chance-Constrained Surgery Planning Under Conditions
of Limited and Ambiguous Data. INFORMS Journal on Computing, 31(3), 559-575.

Design Council (2021, November 11). Eleven lessons: Managing design in eleven global brands.
A study of design process. Design Council. Retrieved from:

71



https://www.Designcouncil.Org.Uk/Resources/Report/11-Lessons-Managing-Design-
Global-Brands.

Dexter, F., Ledolter, J., Epstein, R. H., & Loftus, R. W. (2020). Importance of operating room
case scheduling on analyses of observed reductions in surgical site infections from the
purchase and installation of capital equipment in operating rooms. American Journal of
Infection Control, 48(5), 566-572. https://doi.org/10.1016/].ajic.2019.08.017

Dexter, F., Ledolter, J., & Wachtel, R. E. (2005). Tactical decision-making for selective expansion
of operating room resources incorporating financial criteria and uncertainty in
subspecialties’ future workloads. Anesthesia and Analgesia, 100(5), 1425-1432.
https://doi.org/10.1213/01.ANE.0000149898.45044.3D

Di Sivo, M., & D. P. v. (2017). Innovation scenarios for the technological design of the operating
suite: design criteria and methods. ISEC-9 The Ninth International Structural Engineering
and Construction Conference. Resilient Structures and Sustainable Construction, 1-6.

Draw.io. (2021). Draw.io (No. 2021).

Dutch Health Hub (2022, December 2). Bepaal de waarde van je zorginnovatie. Retrieved from:
https://www.dutchhealthhub.nl/event/bepaal-de-waarde-van-je-zorginnovatie/

Dyas, A. R., Lovell, K. M., Balentine, C. J.,, Wang, T. N., Porterfield, J. R., Chen, H., & Lindeman,
B. M. (2018). Reducing cost and improving operating room efficiency: examination of
surgical instrument processing. Journal of Surgical Research, 229, 15-19.
https://doi.org/10.1016/].jss.2018.03.038

Egeland, R. D., Rapp, Z., & David, F. S. (2017). From innovation to market adoption in the
operating room: The “CFO as customer.”. Surgery (United States), 162(3), 477-482.
https://doi.org/10.1016/j.surg.2017.04.007

El Boghdady, M., & Tang, B. (2022). The effect of checklists on the surgical performance during
laparoscopic cholecystectomy: A systematic review. Health Sciences Review, 2, 100015.
https://doi.org/10.1016/j.hsr.2022.100015

Emond, Y. E. J. J. M., Calsbeek, H., Peters, Y. A. S., Bloo, G. J. A., Teerenstra, S., Westert, G. P.,
Damen, J., Wollersheim, H. C., & Wolff, A. P. (2022). Increased adherence to
perioperative safety guidelines associated with improved patient safety outcomes: a
stepped-wedge, cluster-randomised multicentre trial. British Journal of Anaesthesia,
128(3), 562-573. https://doi.org/10.1016/j.bja.2021.12.019

Erekat, A., Servis, G., Madathil, S. C., & Khasawneh, M. T. (2020). Efficient operating room
planning using an ensemble learning approach to predict surgery cancellations. /ISE
Transactions on Healthcare Systems Engineering, 10(1), 18-32.
https://doi.org/10.1080/24725579.2019.1641576

Erestam, S., Bock, D. Andersson, A. E., Haglind, E., Park, J., & Angenete, E. (2021). The
perceived benefit of intraoperative stress modifiers for surgeons: an experimental
simulation study in volunteers. Patient Safety in Surgery, 15(1).
https://doi.org/10.1186/s13037-021-00294-6

Erhard, M., Schoenfelder, J., Fligener, A., & Brunner, J. O. (2018). State of the art in physician
scheduling. European Journal of Operational Research, 265(1), 1-18).
https://doi.org/10.1016/j.ejor.2017.06.037

Eun, J., Kim, S. P., Yih, Y., & Tiwari, V. (2019). Scheduling elective surgery patients considering
time-dependent health urgency: Modeling and solution approaches. Omega (United
Kingdom), 86, 137-153. https://doi.org/10.1016/j.0mega.2018.07.007

Fairley, M., Scheinker, D., & Brandeau, M. L. (2019). Improving the efficiency of the operating
room environment with an optimization and machine learning model. Health Care
Management Science, 22(4), 756—767. https://doi.org/10.1007/s10729-018-9457-3

Farrelly, J. S., Clemons, C., Witkins, S., Hall, W., Christison-Lagay, E. R., Ozgediz, D. E., Cowles, R.
A, Stitelman, D. H., & Caty, M. G. (2017). Surgical tray optimization as a simple means to
decrease perioperative costs. Journal of Surgical Research, 220, 320-326.
https://doi.org/10.1016/j.jss.2017.06.029

72



Fay, D., Borrill, C., Amir, Z., Haward, R., & West, M. A. (2006). Getting the most out of
multidisciplinary teams: A multi-sample study of team innovation in health care. Journal
of Occupational and Organizational Psychology, 79(4), 553-567.

Feldstein, J., & B. E. (2010). Optimizing medical device buying. Value analysis models can help
you improve decision-making process. Materials Management in Health Care, 19(5), 20—
22.

Ferreira, D. C., & Marques, R. C. (2019). Do quality and access to hospital services impact on
their technical efficiency? Omega (United Kingdom), 86, 218-236.
https://doi.org/10.1016/j.0mega.2018.07.010

Fox, S., Kurtcuoglu, V., & Meboldt, M. (2014). Teaching Cross-Disciplinary Collaboration in
Design Projects with Engineering and Medical Students. DS 78: Proceedings of the 16th
International conference on Engineering and Product Design Education (E&PDE14),
Design Education and Human Technology Relations, University of Twente, The
Netherlands.

Fraifeld, A., Rice, A. N., Stamper, M. J., & Muckler, V. C. (2021). Intraoperative waste
segregation initiative among anesthesia personnel to contain disposal costs. Waste
Management, 122, 124-131. https://doi.org/10.1016/j.wasman.2021.01.006

Frasier, L. L., Pavuluri Quamme, S. R., Ma, Y., Wiegmann, D., Leverson, G., DuGoff, E. H., &
Greenberg, C. C. (2019). Familiarity and Communication in the Operating Room. Journal
of Surgical Research, 235, 395-403. https://doi.org/10.1016/].jss.2018.09.079

Freundlich, R. E., Li, G., Grant, B., st. Jacques, P., Sandberg, W. S., Ehrenfeld, J. M., Shotwell, M.
S., & Wanderer, J. P. (2020). Patient satisfaction survey scores are not an appropriate
metric to differentiate performance among anesthesiologists. Journal of Clinical
Anesthesia, 65. https://doi.org/10.1016/].jclinane.2020.109814

Fu, T. S., Msallak, H., Namavarian, A., Chiodo, A., EImasri, W., Hubbard, B., Xu, J., Pegoraro, R.,
Higgins, K., Enepekides, D., Monteiro, E., & Eskander, A. (2021). Surgical Tray
Optimization: a Quality Improvement Initiative that Reduces Operating Room Costs.
Journal of Medical Systems, 45(8). https://doi.org/10.1007/s10916-021-01753-4

Gelb, A. W., Morriss, W., Johnson, W., Merry, A. F., Gelb, A. W., Abayadeera, A., Belii, N., Brull,
S.J., Chibana, A., Evans, F., Goddia, C., Haylock-Loor, C., Khan, F., Leal, S., Lin, N.,
Merchant, R., Newton, M. W., Rowles, J. S., Sanusi, A., & Wilson, |. (2018). World Health
Organisation-World Federation of Societies of Anaesthesiologists (WHO-WFSA)
International Standards for a Safe Practice of Anesthesia. Canadian Journal of Anesthesia,
65(6), 698-708. https://doi.org/10.1007/s12630-018-1111-5

Glaser, L. M., Brennan, L., King, L. P., & Milad, M. P. (2019). Surgeon Volume in Benign
Gynecologic Surgery: Review of Outcomes, Impact on Training and Ethical Contexts.
Journal of Minimally Invasive Gynecology, 26(2), 279-287).
https://doi.org/10.1016/j.jmig.2018.09.775

Glennie, R. A., Barry, S. P., Alant, J., Christie, S., & Oxner, W. M. (2019). Will cost transparency
in the operating theatre cause surgeons to change their practice? Journal of Clinical
Neuroscience, 60, 1-6. https://doi.org/10.1016/j.jocn.2018.09.024

Gormley, T., Markel, T. A, Jones, H., Greeley, D., Ostojic, J., Clarke, J. H., Abkowitz, M., &
Wagner, J. (2017). Cost-benefit analysis of different air change rates in an operating room
environment. American Journal of Infection Control, 45(12), 1318-1323.
https://doi.org/10.1016/j.ajic.2017.07.024

Greenlight Medical (2022, August 1). A Quick Guide to Understanding the Hospital Value
Analysis Committee. Retrieved from:
https://www.Greenlightmedical.Com/Understanding-the-Hospital-Value-Analysis-
Committee/.

Gui, J. L., Nemergut, E. C., & Forkin, K. T. (2021). Distraction in the operating room: A narrative
review of environmental and self-initiated distractions and their effect on anesthesia

73



providers. Journal of Clinical Anesthesia, 68.
https://doi.org/10.1016/j.jclinane.2020.110110

Gunna, V. reddy, Abedini, A., & Li, W. (2017). Maximizing Operating Room Performance Using
Portfolio Selection. Procedia Manufacturing, 10, 83-91.
https://doi.org/10.1016/j.promfg.2017.07.028

Guo, K. L. (2020). DECIDE: a decision-making model for more effective decision-making by
health care managers. The Health Care Manager, 39(3), 133—-141.

Hadaya, J., Sanaiha, Y., Hernandez, R., Tran, Z., Shemin, R. J., & Benharash, P. (2021). Impact of
hospital volume on resource use after elective cardiac surgery: A contemporary analysis.
Surgery (United States), 170(3), 682—688. https://doi.org/10.1016/j.surg.2021.03.004

Hussin, S., & Ismail, A. (2009). Goals, components and factors considered in university
development. Asia Pacific Education Review, 10(1), 83—91.

Huynh, E., Klouche, S., Martinet, C., le Mercier, F., Bauer, T., & Lecoeur, A. (2019). Can the
number of surgery delays and postponements due to unavailable instrumentation be
reduced? Evaluating the benefits of enhanced collaboration between the sterilization and
orthopedic surgery units. Orthopaedics and Traumatology: Surgery and Research, 105(3),
563-568. https://doi.org/10.1016/j.0tsr.2019.01.012

lacopino, V., Mascia, D., & Cicchetti, A. (2018). Professional networks and the alignment of
individual perceptions about medical innovation. Health Care Management Review,
43(2), 92-103.

Ibrahim, M., Szeto, W. Y., Gutsche, J., Weiss, S., Bavaria, J., Ottemiller, S., Williams, M.,
Gallagher, J. F., Fishman, N., Cunningham, R., Brady, L., Brennan, P. J., & Acker, M. (2022).
Transparency, Public Reporting and a Culture of Change to Quality and Safety in Cardiac
Surgery. Annals of Thoracic Surgery, 114(3), 626—63.
https://doi.org/10.1016/j.athoracsur.2021.08.085

Jebali, A., & Diabat, A. (2017). A Chance-constrained operating room planning with elective
and emergency cases under downstream capacity constraints. Computers and Industrial
Engineering, 114, 329-344. https://doi.org/10.1016/j.cie.2017.07.015

Johns Hopkins University & Medicine (2022, August 4). Expert searching. Retrieved from:
https://Browse.Welch.Jhmi.Edu/Searching/Controlled-vs-Keywords.

Jung, K. S., Pinedo, M., Sriskandarajah, C., & Tiwari, V. (2019). Scheduling Elective Surgeries
with Emergency Patients at Shared Operating Rooms. Production and Operations
Management, 28(6), 1407—-1430. https://doi.org/10.1111/poms.12993

Kava, B. R. andrade, A. D., Marcovich, R., Idress, T., & Ruiz, J. G. (2017). Communication Skills
Assessment Using Human Avatars: Piloting a Virtual World Objective Structured Clinical
Examination. Urology Practice, 4(1), 76—84. https://doi.org/10.1016/j.urpr.2016.01.006

Kheiri, A., Lewis, R., Thompson, J., & Harper, P. (2021). Constructing operating theatre
schedules using partitioned graph colouring techniques. Health Systems, 10(4), 286—297.
https://doi.org/10.1080/20476965.2020.1796530

Kim, M. J., Williams, R. G., Boehler, M. L., Ketchum, J. K., & Dunnington, G. L. (2019). Refining
the evaluation of operating room performance. Journal of Surgical Education, 66(6), 352-
356.

Kleiner, S. A. (2019). Hospital treatment and patient outcomes: Evidence from capacity
constraints. Journal of Public Economics, 175, 94-118.
https://doi.org/10.1016/j.jpubeco.2019.03.011

Koppka, L., Wiesche, L., Schacht, M., & Werners, B. (2018). Optimal distribution of operating
hours over operating rooms using probabilities. European Journal of Operational
Research, 267(3), 1156—1171. https://doi.org/10.1016/j.ejor.2017.12.025

Kroer, L. R., Foverskov, K., Vilhelmsen, C., Hansen, A. S., & Larsen, J. (2018). Planning and
scheduling operating rooms for elective and emergency surgeries with uncertain
duration. Operations Research for Health Care, 19, 107-119.
https://doi.org/10.1016/j.orhc.2018.03.006

74



Kubala, M., Gardner, J. R., Criddle, J., Nolder, A. R., & Richter, G. T. (2021). Process
improvement strategy to implement an outpatient surgery center efficiency model in an
academic inpatient setting. International Journal of Pediatric Otorhinolaryngology, 144.
https://doi.org/10.1016/j.ijporl.2021.110650

Kuritzkes, B. A., Cao, Y., Baser, O., Thomas, N., Forde, K. A., & Kiran, R. P. (2019). New barrier
attire regulations in the operating room: A mandate without basis? American Journal of
Surgery, 218(3), 447-451. https://doi.org/10.1016/j.amjsurg.2019.02.002

Lai, J. H. K., Hou, H. (Cynthia), Chiu, B. W. Y., Edwards, D., Yuen, P. L., Sing, M., & Wong, P.
(2022). Importance of hospital facilities management performance indicators: Building
practitioners’ perspectives. Journal of Building Engineering, 45.
https://doi.org/10.1016/j.jobe.2021.103428

Langlands, B. (2021). The 2018 FGI Guidelines. FGI Guidel Update Ser. 1-37.

Lear, R., Godfrey, A. D, Riga, C., Norton, C., Vincent, C., & Bicknell, C. D. (2017). The Impact of
System Factors on Quality and Safety in Arterial Surgery: A Systematic Review. European
Journal of Vascular and Endovascular Surgery, 54(1), 79-93.
https://doi.org/10.1016/j.ejvs.2017.03.014

Leinonen, T., Toikkanen, T., & Silfvast, K. (2008). Software as hypothesis: research-based
design methodology. Proceedings of the tenth anniversary conference on participatory
design 2008, 61-70.

Leuridan, G. (2020). Bridging the gap between culture and safety in a critical care context: The
role of work debate spaces. Safety Science, 129.
https://doi.org/10.1016/j.ssci.2020.104839

Levin, M., & Lee, Y. (2019). A Novel Wireless In-Ear Device for Surgical Care: An Innovative Idea
to Improve Operating Room Miscommunication. Surgical Innovation, 26(1), 134-135.
https://doi.org/10.1177/1553350618814089

Liberatore, M. J., & Nydick, R. L. (2008). The analytic hierarchy process in medical and health
care decision-making: A literature review. European Journal of Operational Research,
189(1), 194-207. https://doi.org/10.1016/j.ejor.2007.05.001

Lichtenberg, F. R. (2015). The impact of biomedical innovation on longevity and health. Nordic
Journal of Health Economics, 5(1), 45-57. https://doi.org/10.5617/njhe.1290

Littlejohn, S. W., Foss, K. A., & Oetzel, J. G. (2017). Theories of human communication. Long
Grove (11th ed.).

Liu, N., Truong, V. A., Wang, X., & Anderson, B. R. (2019). Integrated Scheduling and Capacity
Planning with Considerations for Patients’ Length-of-Stays. Production and Operations
Management, 28(7), 1735-1756. https://doi.org/10.1111/poms.13012

LUMC (2021, December 9). OK-Centrum. Retrieved from: https://www.Lumc.NI/Org/Ok-
Centrum/.

MacNeil, M., Koch, M., Kuspinar, A., Juzwishin, D., Lehoux, P., & Stolee, P. (2019). Enabling
health technology innovation in Canada: Barriers and facilitators in policy and regulatory
processes. Health Policy, 123(2), 203-214.
https://doi.org/10.1016/j.healthpol.2018.09.018

Makboul, S., Kharraja, S., Abbassi, A., & Alaoui, A. E. H. (2022). A two-stage robust optimization
approach for the master surgical schedule problem under uncertainty considering
downstream resources. Health Care Management Science, 25(1), 63—88.
https://doi.org/10.1007/s10729-021-09572-2

Marchand, K. B. (2020). Surgical Tray Optimization and Efficiency: The Impact of a Novel Sealed
Sterile Container and Instrument Tray Technology. Orthopaedic Surgery SURGICAL
TECHNOLOGY INTERNATIONAL, 37.

Marques, I., & Captivo, M. E. (2017). Different stakeholders’ perspectives for a surgical case
assignment problem: Deterministic and robust approaches. European Journal of
Operational Research, 261(1), 260-278. https://doi.org/10.1016/j.ejor.2017.01.036

75



MATLAB (2022, October 26). MATLAB. Retrieved from:
https://www.Mathworks.Com/Products/Matlab.Html.

McKevitt, E., Kuusk, U., Dingee, C., Warburton, R., Pao, J. S., van Laeken, N. Y., & Bovill, E. S.
(2019). Immediate Reconstruction Swing Room Scheduling Reduces Wait Times to
Surgery and Increases Breast Reconstruction Rates. Annals of Surgical Oncology, 26(5),
1276-1283. https://doi.org/10.1245/s10434-019-07216-y

McMullan, R. D., Urwin, R., Sunderland, N., & Westbrook, J. (2020). Observational Tools That
Quantify Nontechnical Skills in the Operating Room: A Systematic Review. Journal of
Surgical Research, 247, 306—322. https://doi.org/10.1016/j.jss.2019.10.012

Merriam Webster (2021, November 15). Operating Room. Retrieved from:
https://www.Merriam-Webster.Com/Dictionary/Operating%20room.

Merriam Webster (2022a, March 4). Health care. Retrieved from: www.Merriam-
Webster.Com/Dictionary/Health%20care.

Merriam Webster (2022b, July 3). Performance. Retrieved from: https://www.Merriam-
Webster.Com/Dictionary/Performance?Utm_campaign=sd&utm_medium=serp&utm_so
urce=jsonld.

Merriam Webster (2022c, December 7). Innovation. Retrieved from: https://www.merriam-
webster.com/dictionary/innovation

M’Hallah, R., & Visintin, F. (2019). A stochastic model for scheduling elective surgeries in a
cyclic Master Surgical Schedule. Computers and Industrial Engineering, 129, 156-168.
https://doi.org/10.1016/j.cie.2019.01.030

Microsoft Corporation (2022, October 5). Microsoft 365. Retrieved from:
https://Microsoft.Com/.

Microsoft Excel (2021). Microsoft Excel (No. 2110).

Monnickendam, G., & de Asmundis, C. (2018). Why the distribution matters: Using discrete
event simulation to demonstrate the impact of the distribution of procedure times on
hospital operating room utilisation and average procedure cost. Operations Research for
Health Care, 16, 20-28. https://doi.org/10.1016/j.0rhc.2017.12.001

Moons, K., Waeyenbergh, G., Pintelon, L., Timmermans, P., & de Ridder, D. (2019).
Performance indicator selection for operating room supply chains: An application of ANP.
Operations Research for Health Care, 23. https://doi.org/10.1016/j.0rhc.2019.100229

Moreira, M. R. A., Gherman, M., Sousa, P. S. A., & Frias, R. (2017). Does Innovation Influence
the Performance of Healthcare Organisations? Innovation, 19(3), 335-352.

Morgan, R. B., & Angelos, P. (2022). Ethical considerations when implementing new
technology into the operating room. Laparoscopic Surgery, 6.
https://doi.org/10.21037/ls-22-19

Mundt, A. S., Gjeraa, K., Spanager, L., Petersen, S. S., Dieckmann, P., & @stergaard, D. (2020).
Okay, let’s talk - short debriefings in the operating room. Heliyon, 6(7).
https://doi.org/10.1016/j.heliyon.2020.e04386

Murali, M., Suppes, S. L., Feldman, K., & Goldman, J. L. (2021). Utilization of the Naranjo scale
to evaluate adverse drug reactions at a free-standing children’s hospital. PLoS ONE, 16(1).
https://doi.org/10.1371/journal.pone.0245368

Naderi, B., Roshanaei, V., Begen, M. A., Aleman, D. M., & Urbach, D. R. (2021). Increased
Surgical Capacity without Additional Resources: Generalized Operating Room Planning
and Scheduling. Production and Operations Management, 30(8), 2608—2635.
https://doi.org/10.1111/poms.13397

Nassiri, A. M., Garrett, C. G., Dail, T. L., Tiwari, V., Haynes, D. S., Rivas, A., & Langerman, A. J.
(2020). Should | Buy This? A Decision-Making Tool for Surgical Value-Based Purchasing.
Otolaryngology - Head and Neck Surgery (United States), 163(3), 397-399.
https://doi.org/10.1177/0194599820915194

76



Newsweek. (2022, March (14). World’s Best Hospitals2021 - Methodology. Retrieved from:
https://D.Newsweek.Com/En/File/461200/Worlds-Best-Hospitals-2021-Extended-
Methodology-20200303.Pdf.

N.l. (2022, October 26). What is LabVIEW? Retrieved from: https://www.Ni.Com/NI-
NI/Shop/Labview.Html.

Nicholson, P., Hamlin, L., Duff, J., Gillespie, B. M., & Williams, C. (2020). Identifying research
priorities for improving patient care in the perioperative environment: A descriptive
cross-sectional study. Journal of Perioperative Nursing, 33(4), 29-37.
https://doi.org/10.26550/2209-1092.1095

Nilsson, U., Goras, C., Wallentin, F. Y., Ehrenberg, A., & Unbeck, M. (2018). The Swedish Safety
Attitudes Questionnaire—Operating Room Version: Psychometric Properties in the
Surgical Team. Journal of Perianesthesia Nursing, 33(6), 935—945.
https://doi.org/10.1016/j.jopan.2017.09.009

Olmsted, M., Powell, R., Murphy, J., Bell, D., Silver, B., Stanley, M., Sanchez, R.T., & Allen, R.
(2022). Methodology. U.S. News & World Report 2021-22 Best Hospitals: Specialty
Rankings. RTI International.

Patel, S., Lindenberg, M., Rovers, M. M., van Harten, W. H., Ruers, T. J. M., Poot, L., Retel, V. P.,
& Grutters, J. P. C. (2022). Understanding the Costs of Surgery: A Bottom-Up Cost Analysis
of Both a Hybrid Operating Room and Conventional Operating Room. International
Journal of Health Policy and Management, 11(3), 299-307.
https://doi.org/10.34172/ijhpm.2020.119

Pattni, N., Arzola, C., Malavade, A., Varmani, S., Krimus, L., & Friedman, Z. (2019). Challenging
authority and speaking up in the operating room environment: a narrative synthesis.
British Journal of Anaesthesia, 122(2), 233-244.
https://doi.org/10.1016/j.bja.2018.10.056

Pennington, C., & DeRienzo, N. R. (2013). An effective process for making decisions about
major operating room purchases. AORN Journal, 98(6).
https://doi.org/10.1016/j.a0rn.2013.09.013

Popat, K., Gracia, K. A., Guzman, A. B., & Feeley, T. W. (2018). Using Time-Driven Activity-Based
Costing to Model the Costs of Various Process-Improvement Strategies in Acute Pain
Management. Journal of Healthcare Management, 63(4), 76-85.
https://doi.org/10.1097/JHM-D-16-00040

Pradere, B., Mallet, R., de La Taille, A., Bladou, F., Prunet, D., Beurrier, S., Bardet, F., Game, X.,
Fournier, G., Lechevallier, E., Meria, P., Matillon, X., Polguer, T., Abid, N., de Graeve, B.,
Kassab, D., Mejean, A., Misrai, V., & Pinar, U. (2022). Climate-smart Actions in the
Operating Theatre for Improving Sustainability Practices: A Systematic Review. European
Urology. https://doi.org/10.1016/j.eururo.2022.01.027

Python (2022, October 26). Welcome to Python.org. Retrieved from: https://www.Python.Org/

Rath, S., Rajaram, K., & Mahajan, A. (2017). Integrated anesthesiologist and room scheduling
for surgeries: Methodology and application. Operations Research, 65(6), 1460-1478.
https://doi.org/10.1287/opre.2017.1634

Reay, S., Collier, G., Kennedy-Good, J., Old, A., Douglas, R., & Bill, A. (2017). Designing the
future of healthcare together: prototyping a hospital co-design space. CoDesign, 13(4),
227-244, https://doi.org/10.1080/15710882.2016.1160127

Rodriguez, R., Svensson, G., & Ferro, C. (2021). Assessing the future direction of sustainable
development in public hospitals: Time-horizon, path and action. Health Policy, 125(4),
526-534. https://doi.org/10.1016/].healthpol.2020.10.012

Roozenburg, N.F.M. & Eekels, J. (1995). Product Design: fundamentals and methods. John
Wiley& Sons Ltd.

Roshanaei, V., Booth, K. E. C., Aleman, D. M., Urbach, D. R., & Beck, J. C. (2020a). Branch-and-
check methods for multi-level operating room planning and scheduling. International
Journal of Production Economics, 220. https://doi.org/10.1016/].ijpe.2019.07.006

77



Roshanaei, V., Luong, C., Aleman, D. M., & Urbach, D. R. (2020b). Reformulation, linearization
and decomposition techniques for balanced distributed operating room scheduling.
Omega (United Kingdom), 93. https://doi.org/10.1016/j.omega.2019.03.001

Roshanaei, V., & Naderi, B. (2021). Solving integrated operating room planning and scheduling:
Logic-based Benders decomposition versus Branch-Price-and-Cut. European Journal of
Operational Research, 293(1), 65—78. https://doi.org/10.1016/j.ejor.2020.12.004

Royal College of Surgeons of England (2022, 16 December). Who’s who in the surgical team.
Retrieved from: https://www.rcseng.ac.uk/patient-care/surgical-staff-and-
regulation/whos-who-in-the-surgical-team/

Sagnol, G., Barner, C., Borndorfer, R., Grima, M., Seeling, M., Spies, C., & Wernecke, K. (2018).
Robust Allocation of Operating Rooms: A Cutting Plane Approach to handle Lognormal
Case Durations and Emergency Arrivals. European Journal of Operational
Research, 271(2), 420-435.

Sanders, E. B. N., & Stappers, P. J. (2008). Co-creation and the new landscapes of design. Co-
Design, 4(1), 5-18.

Saporito, A., la Regina, D., Perren, A., Gabutti, L., Anselmi, L., Cafarotti, S., & Mongelli, F.
(2021). Contribution margin per hour of operating room to reallocate unutilized
operating room time: a cost-effectiveness analysis. Brazilian Journal of Anesthesiology
(English Edition). https://doi.org/10.1016/j.bjane.2021.03.024

Sararaks, S. (2008). The Medical Research Handbook. Planning a Research Project. Kuala
Lumpur, ISBN. https://doi.org/10.13140/2.1.4294.3366

Sateri, S., Azefor, T. B., Ouanes, J. P. P., Ken Lee, K. H., Owodunni, O., Bettick, D., Magnuson, T.,
Duncan, M., Wick, E., & Gearhart, S. (2017). Real time compliance monitoring with NSQIP:
Successful method for enhanced recovery pathway implementation. Perioperative Care
and Operating Room Management, 8, 6-11.
https://doi.org/10.1016/j.pcorm.2017.07.001

Scali, S. T., Giles, K. A., Kubilis, P., Beck, A. W., Crippen, C. J., Hughes, S. J., Huber, T. S,,
Upchurch, G. R., & Stone, D. H. (2020). Impact of hospital volume on patient safety
indicators and failure to rescue following open aortic aneurysm repair. Journal of
Vascular Surgery, 71(4), 1135-1146.e4. https://doi.org/10.1016/j.jvs.2019.06.194

Schiele, J., Koperna, T., & Brunner, J. O. (2021). Predicting intensive care unit bed occupancy
for integrated operating room scheduling via neural networks. Naval Research Logistics,
68(1), 65—88. https://doi.org/10.1002/nav.21929

Scholte, M., Rovers, M. M., & Grutters, J. P. C. (2021). The Use of Decision Analytic Modeling in
the Evaluation of Surgical Innovations: A Scoping Review. Value in Health, 24(6), 884-900.
https://doi.org/10.1016/].jval.202

Schouten, A.M. (2021). Operating Room Performance Optimization Metrics, a Systematic
Review. Unpublished Manuscript.

Scrimshire, A. B., Booth, A., Fairhurst, C., Coleman, E., Malviya, A., Kotze, A., Tiplady, C., Tate,
D., Laverty, A., Davis, G., Tadd, W., Corbacho, B., Torgerson, D. J., McDaid, C., Reed, M.,
Burgess, M., Lowdon, G., Marriott, A., Cadwallader, S., ... Morrison, R. (2022). Scaling up
Quality Improvement for Surgical Teams (QIST)—avoiding surgical site infection and
anaemia at the time of surgery: a cluster randomised controlled trial of the effectiveness
of quality improvement collaboratives to introduce change in the NHS. Implementation
Science, 17(1). https://doi.org/10.1186/s13012-022-01193-9

Seelen, M. T., Daily, B. J., & Dunn, P. F. (2018). Optimizing the use of operating rooms through
retrospective gap analysis. Perioperative Care and Operating Room Management, 12, 35—
38. https://doi.org/10.1016/j.pcorm.2018.09.003

Shehadeh, K. S., & Padman, R. (2022). Stochastic optimization approaches for elective surgery
scheduling with downstream capacity constraints: Models, challenges and opportunities.
Computers and Operations Research, 137. https://doi.org/10.1016/j.cor.2021.105523

78



Shortell, S. M., Blodgett, J. C., Rundall, T. G., & Kralovec, P. (2018). Use of Lean and Related
Transformational Performance Improvement Systems in Hospitals in the United States:
Results From a National Survey. Joint Commission Journal on Quality and Patient Safety,
44(10), 574-582. https://doi.org/10.1016/].jcjq.2018.03.002

Sixseconds (2022, June 2). Plutchik’s wheel of emotions: Exploring the Emotion wheel.
Retrieved from: https://www.6seconds.Org/2022/03/13/Plutchik-Wheel-Emotions/.

Sotto, K. T., Burian, B. K., & Brindle, M. E. (2021). Impact of the WHO Surgical Safety Checklist
Relative to Its Design and Intended Use: A Systematic Review and Meta-Meta-Analysis.
Journal of the American College of Surgeons, 233(6), 794-809.
https://doi.org/10.1016/j.jamcollsurg.2021.08.692

Thomsen, A. S. S., Bach-Holm, D., Kjaerbo, H., Hgjgaard-Olsen, K., Subhi, Y., Saleh, G. M., Park,
Y.S., la Cour, M., & Konge, L. (2017). Operating Room Performance Improves after
Proficiency-Based Virtual Reality Cataract Surgery Training. Ophthalmology, 124(4), 524—
531. https://doi.org/10.1016/j.0phtha.2016.11.015

Trosman, J. R., Weldon, C. B., Douglas, M. P., Deverka, P. A., Watkins, J. B., & Phillips, K. A.
(2017). Decision Making on Medical Innovations in a Changing Health Care Environment:
Insights from Accountable Care Organisations and Payers on Personalized Medicine and
Other Technologies. Value in Health, 20(1), 40-46.
https://doi.org/10.1016/j.jval.2016.09.2402

Truong, H., Sullivan, A. M., Abu-Nuwar, M. R., Therrien, S., Jones, S. B., Pawlowski, J., Parra, J.
M., & Jones, D. B. (2021). Operating room team training using simulation: Hope or hype?
American Journal of Surgery, 222(6), 1146—1153.
https://doi.org/10.1016/j.amjsurg.2021.01.044

TU Delft Library (2022, August 4). Making a search plan. Retrieved from:
https://Tulib.Tudelft.nl/Searching-Resources/Making-a-Search-Plan/.

Turkelson, C., & Keiser, M. (2017). Using Checklists and Repetitive Simulation to Improve
Patient Safety: A Pilot Project with the Impella® Left Ventricular Assist Device. Clinical
Simulation in Nursing, 13(2), 53-63. https://doi.org/10.1016/j.ecns.2016.10.009

Turner, S., D’Lima, D., Hudson, E., Morris, S., Sheringham, J., Swart, N., & Fulop, N. J. (2017).
Evidence use in decision-making on introducing innovations: a systematic scoping review
with stakeholder feedback. Implementation Science, 12(1), 1-12.

Ukegjini, K., Kastiunig, T., Widmann, B., Warschkow, R., & Steffen, T. (2020). Impact of
intraoperative noise measurement on the surgeon stress and patient outcomes. A
prospective, controlled, single-center clinical trial with 664 patients. Surgery (United
States), 167(5), 843—-851. https://doi.org/10.1016/j.surg.2019.12.010

Van Beekum, K. E. (2022). Implemented Innovations for the Optimization of the Operating
Room, A systematic literature study. Unpublished Manuscript.

Vancroonenburg, W., de Causmaecker, P., & vanden Berghe, G. (2019). Chance-constrained
admission scheduling of elective surgical patients in a dynamic, uncertain setting.
Operations Research for Health Care, 22. https://doi.org/10.1016/j.0rhc.2019.100196

Volk, M. S. (2017). Improving Team Performance Through Simulation-Based Learning.
Otolaryngologic Clinics of North America, 50(5), 967-987.
https://doi.org/10.1016/j.0tc.2017.05.008

Wakeman, D., & Langham, M. R. (2018). Creating a safer operating room: Groups, team
dynamics and crew resource management principles. Seminars in Pediatric Surgery,
27(2), 107-113. https://doi.org/10.1053/j.sempedsurg.2018.02.008

Wang, L., Demeulemeester, E., Vansteenkiste, N., & Rademakers, F. E. (2021). Operating room
planning and scheduling for outpatients and inpatients: A review and future research.
Operations Research for Health Care, 31. Elsevier B.V.
https://doi.org/10.1016/j.orhc.2021.100323

Wilson, N., Jehn, M., Kisana, H., Reimer, D., Meister, D., Valentine, K., Reiser, M., & Clarke, H.
(2020). Nurses’ Perceptions of Implant Barcode Scanning in Surgical Services. CIN -

79



Computers Informatics Nursing, 38(3), 131-138.
https://doi.org/10.1097/CIN.0000000000000579

World Health Organisation (2021a, November 25). Quality of Care. Retrieved from:
https://www.Who.Int/Health-Topics/Quality-of-Caretttab=tab_1.

World Health Organisation (2021b, December 9). Medical Equipment List For Typical District
Hospital. Retrieved from:
https://www.Who.Int/Medical_devices/Survey_resources/Medical_devices_by_facility p
rovincial_hospitals_kenya.Pdf.

World Health Organisation (2021c, December 9). WHO Guidelines for Safe Surgery 2009.
Retrieved from:
http://Apps.Who.Int/Iris/Bitstream/Handle/10665/44185/9789241598552_eng.Pdf;Jsessi
onid=50A1C26429295B9E1C5CCO4A1A3C8E69?Sequence=1.

World Health Organisation Europe (2021, November (15). Call for more research on patient
safety. Retrieved from: https://www.Who.Int/News/Item/25-09-2007-Call-for-More-
Research-on-Patient-Safety.

Xiao, Y., & Yoogalingam, R. (2021). Reserved capacity policies for operating room scheduling.
Operations Management Research, 14(1), 107-122. https://doi.org/10.1007/s12021-020-
00172-x/Published

Ye, H., Li, W., Abedini, A., & Nault, B. (2017). An effective and efficient heuristic for no-wait
flow shop production to minimize total completion time. Computers and Industrial
Engineering, 108, 57—69. https://doi.org/10.1016/j.cie.2017.04.002

Yoon, S., Zygourakis, C. C., Seaman, J., Zhu, M., Ahmed, A. K., Kliot, T., Antrum, S., & Goldberg,
A. N. (2019). Implementation and Impact of a Hospital-Wide Instrument Set Review: Early
Experiences at a Multisite Tertiary Care Academic Institution. American Journal of
Medical Quality, 34(1), 67-73. https://doi.org/10.1177/1062860618783261

Zhang, J., Dridi, M., & el Moudni, A. (2019). A two-level optimization model for elective surgery
scheduling with downstream capacity constraints. European Journal of Operational
Research, 276(2), 602—613. https://doi.org/10.1016/j.ejor.2019.01.036

Zhang, J., Dridi, M., & el Moudni, A. (2020). Column-generation-based heuristic approaches to
stochastic surgery scheduling with downstream capacity constraints. International
Journal of Production Economics, 229. https://doi.org/10.1016/].ijpe.2020.107764

Zhang, J., Dridi, M., & el Moudni, A. (2021). A two-phase optimization model combining
Markov decision process and stochastic programming for advance surgery scheduling.
Computers and Industrial Engineering, 160. https://doi.org/10.1016/j.cie.2021.107548

Zingiryan, A., Paruch, J. L., Osler, T. M., & Hyman, N. H. (2017). Implementation of the surgical
safety checklist at a tertiary academic center: Impact on safety culture and patient
outcomes. American Journal of Surgery, 214(2), 193-197.
https://doi.org/10.1016/j.amjsurg.2016.10.027

Zweifel, P. (2021). Innovation in health care through information technology (IT): The role of
incentives. Social Science and Medicine, 289.
https://doi.org/10.1016/j.socscimed.2021.114441

80



Appendix

Appendix A
Appendix B
Appendix C
Appendix D
Appendix E

OPEIraAtiNG FOOM .. i s 83
The codes definitions ........c.eevieiieiieiie e e 89
The objective of the performance optimisation of the OR...........ccceeeureeennnen. 100
The metric combination of the performance optimisation of the OR.............. 107

The objective combination and its metric combination of the performance

optimisation OF ThE OR ... e e e e be e e e eatee e e e abae e e eares 120
Appendix F The metric combination and the metric’s unit of the performance optimisation

OF ThE DRt ettt e e s b et e s it e e sabeesbe e e sabeeebeesanteesareeennseenns 136
Appendix G The metric relations of “optimisation of the OR” ...........cccviiiiiiieiccieee e, 145
Appendix H  Generalised metric relations of the performance optimisation of the OR....... 159
Appendix | Manual of the PORC-O0O0I ........ocooiiiieiiiee ettt et 166
Appendix J 2T o Yol o U =PRSS 181
Appendix K Horizontal table with the relations between objectives and metrics............... 183

81



Table of tables

Table Appendix 1: The process of a surgery in the OR, divided in the tasks of the surgical team
and the process for the patient. In case that “whole team” is stated, this includes surgeons,
anaesthetist, CRNA and OPerating NUISE. ........eeeiiuiieieiiieee ettt e e etre e e aree e e arae e e 85
Table Appendix 2: The definitions of all the codes used in this thesis, organised on alphabetical
order and in the second column is the term level (objective factor, objective characteristic,
metric factor, metric characteristic and unit) described. ........ccccoovvveiiiiiiiiiiiieieeeceeeeeee e 89
Table Appendix 3: The objectives of the performance optimisation of the OR, including the
objective factors and characteristics, together with the corresponding number of studies and
references. Between the brackets, the frequency of phrases within the articles are stated. All
the objectives that occurred only once (n=1) in all articles or only occur in one article has been
(=T 04 To 17T AU 100
Table Appendix 4: The metric combination of the performance optimisation of the OR from the
84 selected articles, together with the corresponding number of studies and references.
Between the brackets, the frequency of phrases within the articles are stated. All the metrics
that occurred only once (n=1) in all articles or only occurred in one article has been removed.

Table Appendix 5: The objective combination and its metric combination of the performance
optimisation of the OR, including the objective and metric characteristic, together with the
corresponding number of studies and references. Between the brackets, the frequency of
phrases within the articles are stated. All the metrics that occurred only once (n=1) in all
articles or only occurred in one article have been removed. .........cccocoiveieeiii e, 120
Table Appendix 6: The metric combination and the units of the performance optimisation of
the OR from the 84 selected articles, together with the corresponding number of studies and
references. Between the brackets, the frequency of phrases within the articles are stated. All
the metrics that occurred only once (n=1) in all articles or only occurred in one article has been
FEIMOVEM. ..etiiiiieeiiee ettt e ettt et e st e e s beesbe e e sabeesabteesbbeesabeeesabeesabeesabbeesabaeesabeesabaessteesasaesnsseenns 136
Table Appendix 7: The relations between metrics related to the performance optimisation of
the OR, together with the corresponding number of studies and references, including the
intermediate links. Between the brackets, the frequency of phrases within the articles are
stated. All the metrics that occurred only once (n=1) in all articles or only occurred in one
article have been remMOVEd. ......c.uii ittt e 145
Table Appendix 8: The generalised metrics with its causal metrics related to the performance
optimisation of the OR, together with the corresponding number of studies and references.
Between the brackets, the frequency of phrases within the articles are stated. All the metrics
that occurred only once (n=1) in all articles or only occurred in one article have been removed.

Table Appendix 9: The full overview of the relations, including the objective factors, objective
characteristics, metric factors, metric characteristics. The first horizontal row is the goal,
namely performance; the second row is the objective factor; the third row is vertical and state
the objective characteristic; the fourth row is metric factor and the fifth row states the metric
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Appendix A

Design

Operating room

The requirements for an OR included among others: a minimum size of 37 squared meter
(Burlingame, 2014), personal protective equipment (Adams et al., 2016; WHO, 2021c), listed
below, high-level of disinfected or sterile instruments (Langlands, 2021), filters for air pressure
(WHO, 2021c), low temperature (WHO, 2021c) and environmental controls (Langlands, 2021)
to prevent infections (Clemons, 2000). The OR need to be well lighted, have a present air-
ventilation, dedicated equipment for procedure and to monitor patients and drugs for routine
and emergencies (WHO, 2021c). Besides the interior design of the OR, there are also some
requirements outside the OR (WHO, 2021c): washing, changing, preparation and recover
room, storage, central sterile service department and cleaning facilities.

Personal protective equipment helps to prevent bacteria from infecting the surgical incision
and to prevent exposure of the surgical team to blood or other fluids from the patients (WHO,
2021c). The following attires are part of this set of equipment: an attire of clean, nonsterile
hospital-laundered clothes (Adams et al., 2016), also called a sterile surgical robe (WHO,
2021c), masks that cover the mouth and nose (Adams et al., 2016; WHO, 2021c), hair-
coverings (Adams et al., 2016; WHO, 2021c) and sterile surgical robes (Adams et al., 2016;
WHO, 2021c). The attire listed above is the basic attire for a surgery, sometimes the surgery
requires some extra equipment as glasses of protective covers for shoes (WHO, 2021c).

To perform the surgery, the surgical team requires some equipment, some other equipment is
necessary in case of an unexpected issue. According to WHO (2021b), the following facilities

should be present in a standard OR:
Anaesthetic machine
Caesarean section set
Defibrillator
Electrocardiogram Monitor
Electrosurgical unit
General set of instruments
Instrument cabinet
Instrument table (MAYO)
Instrument trolleys, incl. medication/equipment
Laryngoscope
Myomectomy
Operating theatre lamp, ceiling mounted

Operating theatre mobile lamp
Operating theatre table
Oxygen regulator
Patient trolley

Pulse oximeter
Refrigerator
Resuscitation bag

Spot light

Suction electric machine
Surgeon foot step
Surgeon’s stool

Vital Signs Monitor
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Phases

The process of a surgery in the OR can be divided in four phases and tasks for the team;
scheduling, preoperative, operative and postoperative phase (LUMC, 2021; WHO, 2021c). In
the scheduling phase, the administrative staff determine the location, timeslot and medical
professionals (WHO, 2021c). Within the preoperative phase, the medical team prepares for the
surgery by putting on the personal protective equipment and checking the OR and
instrumentation (WHO, 2021c). In this phase, the surgeon also has a conversation with the
patient (LUMC, 2021), to prepare the patient for its surgery (WHO, 2021c) and the operating
nurse does a routine examination (LUMC, 2021) to check the patient’s physical condition
(WHO, 2021c).

Afterwards, the patient will be brought to the OR (WHO, 2021c), be positioned (WHO, 2021c)
and the personal information, such as name, medical problem and date, will be checked
(LUMC, 2021; WHO, 2021c). In this operative phase, the anaesthetist or CRNA performs the
anaesthesia safety check, connects the pulse oximeter (WHO, 2021c) and gives the
anaesthetics (LUMC, 2021; WHO, 2021c). The whole team discusses the surgical and medical
potential issues (WHO, 2021c). The operating nurse prepares, cleans, disinfects and drapes the
patient with sterile paper (WHO, 2021c). At this point, the surgery can start and at the end, the
specimens are labelled, the number of instruments is checked and the operating nurse tidies
up the surgical field (WHO, 2021c).

In the postoperative phase, the patient will be brought back to the recovery ward (LUMC,
2021; WHO, 2021c) and the surgeon and anaesthetist provide the patient handover to the
recovery practitioner (WHQO, 2021c). The instrumentation should be brought away for
sterilisation and the cleaning personnel cleans the whole OR (WHO, 2021c). In the meantime,
the surgical team de-scrubs themselves of the personal protective equipment and start
handwashing (WHO, 2021c). A more elaborated overview is provided in Table Appendix 1.
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Table Appendix 1: The process of a surgery in the OR, divided in the tasks of the surgical team and the process for the patient. In case that “whole
team” is stated, this includes surgeons, anaesthetist, CRNA and operating nurse.

Phase Task team Goal Process patient
Administrative staff: determine
Scheduling location, timeslot and practitioners

(WHO, 2021c)

Pre-operative

Whole team: scrubbing hands and
putting on the personal protective
equipment (WHO, 2021c)

Minimizing chance on infections
(WHO, 2021c)

Be on an empty stomach (LUMC,
2021)

Whole team: check if OR is
uncontaminated and dust free,
cleaning need to be done by water
with detergent and disinfection
(WHO, 2021c). From now on, the
doors should be closed as much as
possible (WHO, 2021c)

Minimizing chance on infections
(WHO, 2021c)

Check-in at the nursing
department (LUMC, 2021)

Operative nurse: check if all
surgical instruments and
administering medication is
present (WHO, 2021c)

Changing clothes and placing in
the bed (LUMC, 2021)

Surgeon: conversation with
patient (LUMC, 2021)

Prepare the patient for its surgery
(WHO, 2021c)

Conversation with the surgeon
(LUMC, 2021; WHO, 2021c)

Anaesthetist or CRNA:
conversation with patient (LUMC,
2021)

Pre-operative screening (LUMC,
2021; WHO, 2021c)

Conversation with the anaesthetist

(LUMC, 2021; WHO, 2021c)

Operating nurse: Routine
examination (LUMC, 2021)

Check on the physical condition, to

secure a good probability of
recovery (WHO, 2021c)

Routine examination by a nurse
(LUMC, 2021)

Operative nurse: locate the
equipment and facilities, as table,
lights and materials, on the right
place (WHO, 2021c)

Waiting room (LUMC, 2021)
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Phase

Task team

Goal

Process patient

Operative nurse: make ready the
MAYO table with instruments and
count the surgical instruments
(WHO, 2021c)

Towards the OR (LUMC, 2021)

Operative

Operative nurse: bring patient in,
keep the doors closed and
minimum amount of people in the
OR as much as possible (WHO,
2021c)

Minimizing chance on infections
(WHO, 2021c)

Arriving in the OR (WHO, 2021c)

Operating nurse: positioning of the
patient (including blankets) and
operating table (WHO, 2021c)

Right position on the operating
table (warm blankets; LUMC,
2021)

Surgeon: check of personal
information (LUMC, 2021; WHO,
2021c); identity, side of surgery;
consent with operation (WHO,
2021c), consult the surgery (LUMC,
2021)

To secure the right
treatment/surgery (WHO, 2021c¢)

Check of personal information
(LUMC, 2021; WHO, 2021c),
consent with operation (WHO,
2021c), consult the surgery (LUMC,
2021)

Anaesthetist or CRNA: perform the
anaesthesia safety check, pulse
oximeter (WHO, 2021c)

Check on the physical condition, to
secure a good probability of
recovery (WHO, 2021c)

Infusion of Anaesthesia (LUMC,
2021)

Anaesthetist and CRNA: taking
care of anaesthesia (LUMC, 2021;
WHO, 2021c)

Anaesthesia start working (LUMC,
2021; WHO, 2021c)

Whole team: discuss issue
potential (WHO, 2021c)

Check on the physical condition, to
secure a good probability of
recovery (WHO, 2021c)

Anaesthetist and CRNA: taking
care of holding the stability of the
bodily functions (LUMC, 2021)

Intra-operative monitoring for
safety (WHO, 2021c)

Surgery (LUMC, 2021; WHO,
2021c¢)
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Phase

Task team

Goal Process patient

Operating nurse: preparation,
cleaning, sterilising, possibly
shaving and draping, with sterile
paper, of patient (WHO, 2021c)

Minimizing chance on infections
(WHO, 2021c) and to keep the
incision location free of other
materials (LUMC, 2021; WHO,
2021c)

Surgeon and operating nurse:
check the number of instruments
(WHO, 2021c)

To prevent left overs in the body
of the patient (WHO, 2021c)

Whole team: surgery (WHO,
2021c¢)

Surgeon or operating nurse:
Closing wound (WHO, 2021c)

Surgeon or operating nurse:
checking the labelling of the
specimens, any issues to address
to post-operative recovery and
possible anticipated critical events
(WHO, 2021c)

To prevent issues in the recovery
(WHO, 2021c¢)

Surgeon and operating nurse:
check the number of instruments
(WHO, 2021c)

To prevent left overs in the body
of the patient (WHO, 2021c)

Operating nurse: cleaning up the
surgical field (WHO, 2021c)

Minimizing chance on infections
for the team and next patients
(WHO, 2021c)

Operating nurse: calling contact
person about the outcome of the
surgery (LUMC, 2021)

Past-operative

Operating nurse: place the patient
back in the bed and move it to the
recovery ward (LUMC, 2021; WHO,
2021c)

Towards the recovery ward
(LUMC, 2021; WHO, 2021c)
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Phase

Task team

Goal

Process patient

Surgeon and anaesthetist: Patient
handover to recovery practitioner
(WHO, 2021c)

To progress a good recovery care
for the patient (WHO, 2021c)

Waking up (LUMC, 2021)

Operating nurse: place
instruments in autoclave baskets
and bring it to the sterilisation
department for sterilisation (WHO,
2021c)

To sterilise the instruments, to
purged microorganisms and spores
(WHO, 2021c¢)

Update by nurse about the
outcome of the surgery (LUMC,
2021)

Nurse/cleaning personnel:
cleaning the surgical area,
disinfection of the surfaces and
placing the materials in the right
bin, biological, contaminated, bio-
hazardous and sharp materials
(WHO, 2021c)

Recovery of the first day(s) after
surgeries with a large impact on
the bodily condition (LUMC, 2021)

Towards the ICU/PACU/nurse
department (LUMC, 2021)

Whole team: de-scrub of the
personal protective equipment
and handwashing (WHO, 2021c)

Minimizing chance on infections
for the team and next patients
(WHO, 2021c)

Surgeon: finish documentation
and the operation note and check
the final checklist (WHO, 2021c)

To progress a good recovery care
for the patient (WHO, 2021c)

Back to the pre-operative phase or
at the end of the day: clean the
whole OR by starting at the top
and continue to the floor,
including all furniture, overhead
equipment and lights, using a
liquid disinfectant at a dilution
recommended by the
manufacturer (WHO, 2021c)

Minimizing chance on infections
for the team and next patients
(WHO, 2021c)

Recovery at home
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Appendix B

The codes definitions

Table Appendix 2: The definitions of all the codes used in this thesis, organised on alphabetical order and in the second column is the term level
(objective factor, objective characteristic, metric factor, metric characteristic and unit) described.

Code

Terms

Definition

Accessibility

Objective factor, metric
factor

The ability to obtaining or using healthcare at the OR, this includes services (range of
diagnose, number of resources and safety) and geographical, financial accessibility.

Accreditation

Metric factor, unit

The number of certifications of being officially recognised, accepted, or approved of
performing a certain act, expressed in number or quality.

Accuracy Metric factor, metric The degree of precision to which the treatment is performed without making mistakes and
characteristic being exact.
Adequacy Objective characteristic The fact that the services in the OR can performed till the desired sufficiency.

Affordability

Metric factor

The state of being (in)expensive enough for people to be able to buy.

Alcohol (mL/kg)

Unit

The amount of alcohol in the body.

Anatomy

Metric characteristic

The status of the physical structure of the patient.

Anticoagulation

Metric characteristic

The amount of medicine to prevent blood clothing.

Anxiety

Metric characteristic

The degree of worrying and tension of the staff for performing their act.

Audit performance

Metric factor

The number of evaluations of the OR performance in a certain time-period; device audit,
laboratory evaluation, clinical evaluation.

Authority

Objective characteristic,
metric factor, metric
characteristic

The degree of leadership during a treatment and who is in control and makes the decisions,
mostly the surgeon.

Bed utilisation

Metric factor, metric
characteristic

The degree to which the ward-beds are used in an effective way.

Beds (#)

Unit

The number of beds in the hospital.

Behaviour

Metric factor, metric
characteristic

The way the medical staff is treating or acting in the OR and the effects on the other
stakeholders.

Caffeine (mL/kg)

Unit

The amount of caffeine in the body.

Cancellation

Metric characteristic, unit

The number of surgeries that are cancelled, expressed in number.

Care outcomes

Objective factor, objective
characteristic, metric factor

The effect of the treatment on the patient and therefore the patient’s health condition over
time.
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Code

Terms

Definition

Coaching

Metric characteristic, unit

The feedback and coaching based on videos and audio, expressed in number of frequencies
by the HCP to other staff.

Communication

Metric factor, metric
characteristic

The amount and the quality of information transmission between stakeholders.

Complexity

Metric factor, metric
characteristic

The degree of complicatedness of the treatment for the medical staff.

Complication

Metric factor, metric
characteristic

The number and degree of extra medical problems, that makes it more difficult to treat the
illness or to recover from the surgery.

Complications (#)

Unit

The number of complications occurring during and after the surgery.

Cost

Metric factor

The cost in/of the hospital.

Culture Metric factor The organisational environment of the hospital, including the general norms and values of a
group.
Deaths (#) Unit The number of deaths during or after the surgery.

Decision-making

Objective characteristic,
metric factor, metric
characteristic

The processing of deciding during the surgery about the treatment and the after-care in
number and quality.

Delay

Metric characteristic

The time period that the surgery starts later than planned in the OR schedule.

Development
innovations (#)

Unit

The number of developed innovations.

Diagnose

Metric factor

The correctness of diagnosing the patient.

Diagnosis range (#)

Unit

The number of diagnosed range that the hospital can treat.

Discharge

Metric factor, unit

The number of patients that can leave the hospital (ward) according to the medical
professional, expressed in number of discharges.

Disposables (#)

Unit

The number of disposables during or after the surgery.

Distribution equipment

Metric factor, metric
characteristic

The number of resources deliveries to the OR.

Distribution velocity

Metric characteristic, unit

The velocity of the resource’s deliveries to the OR, expressed in number of equipment
transferred in a time period.

Disturbance

Metric factor, metric
characteristic

The number and length of interruptions during a surgery and its effects on the surgical
performance.
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Code

Terms

Definition

Education

Metric factor, metric
characteristic

The quality and content of the education of the medical staff.

Education & knowledge

Objective characteristic

The (extra) instructions and the development of knowledge (improvement) of and for the
medical staff.

Emergency cases (#) Unit The number of emergency cases.
Emission (CO2) Unit The amount of CO2 emission.
Emission (CO2/GHG) Unit The amount of CO2/GHG emission.
Emission (GHG) Unit The amount of GHG emission.

Energy

Metric characteristic

The amount of generated power and electricity used during the surgery.

Environment

Objective characteristic,
metric factor, metric
characteristic

The effects (of sustainable development) on the nature, climate and climate change.

Equipment

Metric characteristic

The number of (set of) tools for the surgery in the OR.

Equipment inventory

Metric characteristic

The amount of equipment in stock and available to use.

Equipment type

Metric factor

The number of (set of) tools for the surgery in the OR.

Equipment utilisation

Metric factor, metric
characteristic

The degree to which the equipment is used in an effective way.

Equity Metric factor, metric The degree to which the stakeholders can access and obtain the same type or number of
characteristic treatments.

Ergonomics Metric factor, metric The degree to which the staff can work in an appropriate posture or the posture of the staff
characteristic during the surgery.

Error (#) Unit The number of errors during or after the surgery.

Experience (years) Unit The number of years in experience of the professional in its expertise.

Expertise

Metric factor, metric
characteristic

The degree of expertise and knowledge of the medical staff that performs the surgery.

Finance

Objective factor

The management of money, the business and investments.

Flow (#)

Unit

The frequency of communication.
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Code Terms Definition

FTE (#) Unit The number of full-time employments at the hospital.

Haptic feedback Unit The feeling of the haptic feedback.

Hygiene Metric factor The degree to which people keep themselves or their environment clean, to prevent
disease.

Idle time Metric factor The period of time that the medical staff or the OR is not being used, despite the fact that it

is available.

Interruptions (#)

Unit

The number of interruptions during the surgery.

Inventory

Metric factor

The amount of equipment and resources in stock and available to use.

Investment

Metric factor

The amount of money that is put in resources, equipment and other parts of the hospital to
achieve an improvement of the performance.

Length of stay

Metric factor, metric
characteristic, unit

The days that the patient had to stay in the hospital for their treatment and recovery,
expressed in number of days.

Lighting

Metric characteristic, unit

The amount of lightning in the OR, expressed in lumen.

Maintenance

Metric factor, metric
characteristic

The amount of work that need to be performed to keep the OR and its equipment/resources
in good condition.

Management

Objective factor

The control of the organisation, including the administration, board and its policies.

Management
satisfaction

Objective characteristic

The fulfilling/achieving the need or desire of the act for the management/board of the
hospital.

Misidentification

Metric characteristic

The number of misidentifications of patients.

Money (S; €) Unit The amount of money that a certain action or material costs.

Morbidity Metric characteristic The degree of the patient’s condition of chronic (long-term) and age-related diseases.
Mortality Metric characteristic The number of deaths caused by an event or illness over a specific period of time.
Noise (dB) Unit The amount of dB of noise during the surgery.

Nutrition Metric characteristic The quality of the food that is consumed by a person.

Opening hours OR

Metric factor

The hours that the OR is available for surgery.

Operational Objective characteristic, The arrangements and tasks required to control the operation of a plan or organisation.
performance metric factor
OR block Metric factor, metric The amount of time that is blocked in the OR schedule for a certain treatment, expressed in

characteristic

number of blocks.
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Code Terms Definition

OR block; double Unit The number of OR blocks double booked in a schedule.

booking (#)

OR block; gaps (#) Unit The number of OR blocks unfilled in the schedule.

OR break Metric characteristic The period of time that is used for an interruption in working for the medical staff.
OR design Metric factor, metric The quality of the state and the furniture of the OR.

characteristic

OR overtime

Metric characteristic

The period of time that the medical staff or the OR is being used, despite the fact that it
should be available to be used for the next surgery.

OR size (m2) Unit The size of the OR.

OR time Metric characteristic, unit The time period that the OR is in use, expressed in percentage.

OR utilisation Metric factor, metric The degree to which the opening hours of the ORs are used in an effective way.
characteristic

ORs (#) Unit The number of ORs that are available in a hospital.

PACU over time

Metric characteristic

The period of time that the PACU is being used, despite the fact that it should be available to
be used for the next patient.

Patient (#) Unit The number of patients that require surgery.

Patient (health) Objective factor, metric The quality of the physical condition and fitness of the patient, including sickness and the
condition factor, metric characteristic life(style) circumstances of the patients.

Patient flow Objective factor, metric The transfers of patients through the hospital; from the ward to the OR to the ward.

factor

Patient health: Blood Unit The amount of blood loss from the patient during the surgery.

loss (mL)

Patient health: Blood Unit The blood pressure of the patient during the surgery.

pressure (mmHg)

Patient health: Cardiac Unit The amount of cardiac output of the patient during the surgery.

output (L/min)

Patient health: Unit The amount of catecholamine in the body of the patient during the surgery.

Catecholamine (mg/kg)
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Code Terms Definition

Patient health: Unit The depth of the compression and the rate of the compression of the patient’s body during
Compression (depth; the surgery.

rate)

Patient health: Glucose  Unit The amount of glucose in the body of the patient during the surgery.

control (mg/dL)

Patient health: Unit The amount of haemoglobin Alc in the body of the patient during the surgery.
Haemoglobin Alc (%)

Patient health: Unit The amount of haemorrhage incidents that the patients endure during surgery.
Haemorrhage incidence

(#)

Patient health: Heart Unit The heart rate of the patient during the surgery.

rate (bpm)

Patient health: Unit The amount of hypoglycaemia in the body of the patient during the surgery.
Hypoglycaemia

(mmol/L)

Patient health: Ischemic  Unit The percentage of occurring ischemic stroke of the patient during a surgery.
stroke (%)

Patient health: Stroke Unit The stroke volume of the patient during the surgery.

volume (L)

Patient priority

Metric characteristic

The arrangement of patients in emergency for the OR planning.

Patient satisfaction

Objective characteristic,
metric factor, metric
characteristic

The fulfilling/achieving the need or desire of the act for the patients of the hospital.

Perspiration

Metric characteristic

The amount of sweat from the staff during the act.

Pharmaceutical
inventory

Metric characteristic

The number of pharmaceuticals in stock and available to use.

Pharmaceuticals

Metric factor, unit

The number of medicines that are necessary for the patients, expressed in number of
pharmaceuticals.
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Code

Terms

Definition

Pharmaceuticals; B-
blockers (#)

Unit

The number of B-blockers medication the patient has to take.

Physical work

Metric characteristic

The amount and load of muscles work for the staff.

Policy Metric factor, metric The number and the quality of the guidelines for the treatment and the degree that these
characteristic guidelines are followed up.
Profit Metric factor The amount of money that is earned in trade or business after paying the costs of producing

and selling goods and services.

Psychological condition

Metric characteristic

The quality of the psychological condition and mental fitness of the staff.

QALY

Unit

The level of quality of life per year stated by the patient.

Quality of care

Objective factor, objective
characteristic

The value of health services for individuals and populations to increase the likelihood of
desired health outcomes.

Quality of life

Metric factor

The level of satisfaction and comfort that the patient values its life.

Quality per price

Unit

The quality of the treatment in relation to the price of the treatment.

Readmission Metric factor, metric The number of patients that are readmitted to the hospital after a discharge, expressed in
characteristic number of readmissions.
Resources Objective factor The equipment, means and materials for the treatment and after-care.

Responsiveness

Metric factor, metric
characteristic

The time period and quality of the reaction to an emergency case and the degree of
alertness of the situation.

Revenue Metric factor The amount of income that a company receives regularly.
Robustness Metric characteristic, unit The level of quality to be likely to happen in a schedule, expressed in percentage.
Safety Objective factor, objective  Health services for individuals and populations providing a safe and risk-free healthcare,

characteristic, metric factor

with the intention of the best outcomes for the patient and staff.

Satisfaction

Objective factor

The fulfilling/achieving the need or desire of the act for a certain stakeholder.

Satisfaction patient Unit The level of satisfaction and comfort that the patient values its treatment.
Satisfaction staff Unit The level of satisfaction and comfort that the staff values its work.
Satisfaction Unit The level of satisfaction and comfort that the staff values its work and the patient values its

Staff/Patient

treatment.

Savings

Metric factor

The amount of money that is not spend/invested and therefore is kept on the bank account.

Schedule

Metric factor

The quality of the OR schedule.
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Code

Terms

Definition

Sensory factors

Metric characteristic

The amount of physical sense of touch, smell, taste, hearing and sight.

Service

Objective factor

All provided types of activities within the hospital and OR, except the task surgery.

Service capacity

Metric factor, metric
characteristic

The total amount of services, except from surgery, that can be delivered in the hospital/OR.

Shift Metric factor, metric The number, duration and type of period of time working (hours) during the day or night,
characteristic expressed in number of shifts.

Skill Metric factor, metric The level of ability to perform or practised a treatment, this includes cognitive, nontechnical
characteristic and technical skills.

Sleep Metric characteristic The amount of sleep for a person.

Staff (# Nurses) Unit The number of nurses at the surgery.

Staff (# RNs) Unit The number of registered nurses (RNs) at the surgery.

Staff (#) Unit The number of staff at the surgery.

Staff (health) condition

Objective factor, metric
factor

The quality of the physical condition and fitness of the staff, including sickness and the
life(style) circumstances of the staff.

Staff health: Absences Unit The number of staff absences caused by (a lack of) staff health.

(#)

Staff health: Circadian Unit The circadian rhythm of staff caused by (a lack of) staff health.
rhythm

Staff health: Muscular Unit The muscular loas of staff caused by (a lack of) staff health.

load

Staff health: Respiration  Unit The respiration rate of staff caused by (a lack of) staff health.

rate

Staff health: Tremor (#)  Unit The number of tremors of the staff caused by (a lack of) staff health.

Staff performance

Objective characteristic,
metric factor

The performance of the individuals of the medical staff during the surgery or after-care.

Staff satisfaction

Objective characteristic,
metric factor, metric
characteristic

The fulfilling/achieving the need or desire of the act for the medical staff of the hospital.

Start time

Metric factor, metric
characteristic

The accuracy in that the actual time of beginning is the planned start time according to the
schedule.
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Code

Terms

Definition

Stressors Metric factor, metric The amount of stress that is caused at the surgery.

characteristic
Supply Objective characteristic The contribution of resources and equipment to the OR and the stock of all those resources.
Surgery (#) Unit The number of surgeries performed in a set time period.

Surgery duration

Metric factor

The time period to perform a surgery.

Surgery efficiency

Metric factor, metric
characteristic

The level of time and staff is used in a good way (without any waste) during a surgery.

Surgery volume

Metric factor

The number of surgeries performed in a time period.

Surgical performance

Objective factor, objective
characteristic, metric factor

The results of accomplishment and its quality of the surgery completes by the medical staff.

Survival Metric factor, metric The number of patients that survive from the surgery.
characteristic

Task Metric characteristic, unit The tasks performed by the staff, expressed in number.

Team Objective factor The group of medical professionals that perform care in the OR.

Team structure

Metric factor, metric
characteristic

The type of medical professionals that are involved with the team during a treatment.

Teamwork Objective characteristic, The collaboration of the group of medical professionals that perform care in the OR.
metric factor, metric
characteristic

Technology Objective characteristic, The development of new technology and its effects on the healthcare.

metric factor, metric
characteristic

Temperature (°C; F) Unit The temperature in the OR.

Time (days) Unit The number of days.

Time (hours) Unit The number of hours.

Time (months) Unit The number of months.

Time: Delay (#) Unit The number of delayed surgeries.

Time: Delay (%) Unit The percentage of delayed surgeries.

Time: Delay (hours) Unit The period of time that is spend to delay (later start as planned on beforehand).

Time: Idle time (hours) Unit The period of time that is spend to idle time (time that the staff is not performing an acts).
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Code Terms Definition

Time: OR block time Unit The period of time that is reserved as a OR block in the OR schedule.

(hours)

Time: OR opening hours  Unit The period of time that the OR is open.

(hours)

Time: OR over time Unit The period of time that is spend longer in the OR as planned on beforehand.

(hours)

Time: OR time (hours) Unit The period of time that is spend in the OR.

Time: PACU over time Unit The period of time that is spend longer in the PACU as planned on beforehand.
(hours)

Time: Waiting time Unit The days spend that the patient spend on waiting for a surgery or on the waiting list.
(days)

Time: Waiting time Unit The hours spend that the patient spend on waiting for a surgery.

(hours)

Time: Waiting time Unit The hours/days spend that the patient spend on waiting for a surgery or on the waiting list.
(hours; days)

Transfers (#) Unit The number of patient transfers through the hospital.

Transparency

Metric characteristic

The quality of openness in what is performed.

Treatment

Metric characteristic

The types of surgeries that are performed.

Treatment type

Metric factor

The types of surgeries that are performed.

Trust Metric factor, metric The believe in capability and truth in the team or medical staff.
characteristic

Turnover Metric characteristic The number of tasks that can be perform in a certain time period in OR.

Usability Metric characteristic The easiness of obtaining or using equipment and resources at the OR.

Usage (#) Unit The frequency of utilisation of resources during the whole treatment.

Value-based healthcare

Objective characteristic

The aim to improve patient outcomes while optimising the use of hospitals’ resources
among medical personnel, administrations and support services through an evidence-based,
collaborative approach.

Ventilation

Metric characteristic

The amount of ventilation in the OR.
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Code

Terms

Definition

Waiting list Metric factor, unit The number of people, who desire care, that are put on list since there is no care available
yet, expressed in number of patients on the list.

Waiting time Metric factor The period of time that the patient has to wait before or after entering the OR.

Waste Metric factor, metric The number of materials that is ditched or the amount of unnecessary or wrong used

characteristic, unit

materials, expressed in kilogram.

Waste Reuse (#)

Unit

The amount of waste after surgery that could be reused.

Wires (#)

Unit

The number of wires in the OR.

Workforce

Metric factor, metric
characteristic, unit

The number of medical staff who work in the hospital or department, expressed in number
of staff per patient to provide work.

Working hours (#)

Unit

The number of working hours.

Workload

Objective characteristic,
metric factor, metric
characteristic

The work and the number of tasks that needs to be performed by the medical staff.
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Appendix C The objective of the performance optimisation of the OR

Table Appendix 3: The objectives of the performance optimisation of the OR, including the objective factors and characteristics, together with the
corresponding number of studies and references. Between the brackets, the frequency of phrases within the articles are stated. All the objectives that
occurred only once (n=1) in all articles or only occur in one article has been removed.

Objective factor Objective characteristic

Frequency
(# phrases
(# articles))

References (# phrases)

Accessibility

37 (12)

Aringhieri et al. (2022) (13); Collins et al. (2017) (1); Crocitto et al. (2021) (1);
Ferreira & Marques (2019) (12); Kubala et al. (2021) (3); Marques & Captivo
(2017) (6); Moons et al. (2019) (1); Moreira et al. (2017) (2); Mundt et al.
(2020) (2); Pradere et al. (2022) (1); Rodriguez et al. (2021) (2); Saporito et al.
(2021) (3)

Operational performance

Adams et al. (2021) (1); Chrouser et al. (2018) (1)

Quality of care

)
Adams et al. (2021) (1); Bottani et al. (2022) (1); Chrouser et al. (2018) (1)

Safety

Adams et al. (2022) (1); Bath et al. (2019) (1); Chrouser et al. (2018) (2);
Emond et al. (2022) (1); Nicholson et al. (2020) (1)

Care outcomes

153 (35)

Adams et al. (2021) (9); Adams et al. (2022) (17); Aringhieri et al. (2022) (7);
Auerbach et al. (2018) (8); Bath et al. (2019) (3); Bayramzadeh et al. (2021)
(15); Belykh et al. (2018) (2); Bilgic et al. (2020) (1); Birkhoff et al. (2021) (1);
Bretonnier et al. (2020) (1); Chrouser et al. (2018) (12); Collins et al. (2017)
(1); Crocitto et al. (2021) (3); Ferreira & Marques (2019) (1); Glaser et al.
(2019) (4); Glennie et al. (2019) (1); Ibrahim et al. (2022) (6); Kleiner (2019)
(7); Lear et al. (2017) (5); Levin & Lee (2019) (4); Lichtenberg (2015) (1);
MacNeil et al. (2019) (1); Monnickendam & de Asmundis (2018) (4); Moreira
et al. (2017) (3); Olmsted et al. (2022) (11); Sateri et al. (2017) (1); Scali et al.
(2020) (2); Shehadeh & Padman (2022) (3); Sotto et al. (2021) (11); Thomsen
et al. (2017) (1); Trosman et al. (2017) (1); Turkelson & Keiser (2017) (1); Volk
(2017) (1); Zingiryan et al. (2017) (4)

. Operational performance
Finance

3(3)

Beaulieu & Bentahar (2021) (1); Childers & Maggard-Gibbons (2018) (1);
Chrouser et al. (2018) (1)

Value-based healthcare

2(2)

Cossio-Gil et al. (2022) (1); Moons et al. (2019) (1)
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Frequency
Objective factor Objective characteristic (# phrases  References (# phrases)
(# articles))

Alban et al. (2019) (10); Aringhieri et al. (2022) (8); Auerbach et al. (2018) (6);
Beaulieu & Bentahar (2021) (5); Bottani et al. (2022) (3); Breuer et al. (2020)
(5); Bringger et al. (2021) (12); Childers & Maggard-Gibbons (2018) (16);
Collins et al. (2017) (1); Crocitto et al. (2021) (10); Egeland et al. (2017) (14);
Erhard et al. (2018) (4); Ferreira & Marques (2019) (5); Gelb et al. (2018) (2);
Glaser et al. (2019) (2); Glennie et al. (2019) (26); Hadaya et al. (2021) (4);
Ibrahim et al. (2022) (2); Kleiner (2019) (1); Koppka et al. (2018) (4); Kuritzkes
et al. (2019) (1); Lai et al. (2022) (1); Levin & Lee (2019) (4); MacNeil et al.
(2019) (1); Marques & Captivo (2017) (2); Monnickendam & de Asmundis
(2018) (12); Moons et al. (2019) (5); Moreira et al. (2017) (4); Patel et al.
(2022) (20); Pattni et al. (2019) (2); Pradere et al. (2022) (1); Saporito et al.
(2021) (14); Seelen et al. (2018) (3); Shehadeh & Padman (2022) (12)

222 (34)

Decision-making 3(3) Adams et al. (2022) (1); Cossio-Gil et al. (2022) (1); Levin & Lee (2019) (1)
Birkhoff et al. (2021) (2); Chrouser et al. (2018) (1); Lai et al. (2022) (5); Levin
& Lee (2019) (2); Nicholson et al. (2020) (2)

Adams et al. (2022) (1); Aringhieri et al. (2022) (1); Beaulieu & Bentahar
(2021) (2); Birkhoff et al. (2021) (5); Breuer et al. (2020) (27); Chrouser et al.

Operational performance 12 (5)

Management (2018) (1); Collins et al. (2017) (2); Di Sivo (2017) (8); Erhard et al. (2018) (23);
142 (18) Koppka et al. (2018) (17); Lai et al. (2022) (8); Marques & Captivo (2017) (1);

Monnickendam & de Asmundis (2018) (11); Moons et al. (2019) (7); Moreira
et al. (2017) (4); Nilsson et al. (2018) (1); Seelen et al. (2018) (5); Shehadeh &
Padman (2022) (18)

Patient (health) 6(3) Lai et al. (2022) (1); Rodriguez et al. (2021) (4); Saporito et al. (2021) (1)

condition
Beaulieu & Bentahar (2021) (3); Bottani et al. (2022) (3); Erhard et al. (2018)

Patient flow 21 (6) (3); Koppka et al. (2018) (4); Kubala et al. (2021) (3); Shehadeh & Padman
(2022) (5)

Quality of care Adequacy 13 (6) Adams et al. (2021) (1); Aringhieri et al. (2022) (1); Auerbach et al. (2018) (8);

Breuer et al. (2020) (1); Freundlich et al. (2020) (1); Ibrahim et al. (2022) (1)

101



Frequency
Objective factor Objective characteristic (# phrases
(# articles))

References (# phrases)

Care outcomes 13 (6)

Adams et al. (2021) (3); Adams et al. (2022) (4); Di Sivo (2017) (2); Ferreira &
Marques (2019) (2); Olmsted et al. (2022) (1); Patel et al. (2022 (1)

Education & knowledge 3(3)

Auerbach et al. (2018) (1); Bilgic et al. (2020) (1); Levin & Lee (2019) (1)

Operational performance 7 (4)

Adams et al. (2021) (3); Newsweek (2022) (2); Olmsted et al. (2022) (1); Volk
(2017) (1)

Safety 3(2) Di Sivo (2017) (2); Olmsted et al. (2022) (1)
Adams et al. (2021) (3); Bottani et al. (2022) (1); Freundlich et al. (2020) (1);
Surgical performance 12 (7) Lichtenberg (2015) (2); Newsweek (2022) (2); Olmsted et al. (2022) (2); Patel

et al. (2022) (1)

Value-based healthcare 5(4)

Auerbach et al. (2018) (1); Freundlich et al. (2020) (2); Hadaya et al. (2021)
(2); Ibrahim et al. (2022) (1)

294 (54)

Adams et al. (2021) (9); Adams et al. (2022) (7); Alban et al. (2019) (7);
Aringhieri et al. (2022) (2); Auerbach et al. (2018) (5); Beaulieu & Bentahar
(2021) (2); Bilgic et al. (2020) (3); Bottani et al. (2022) (10); Bretonnier et al.
(2020) (4); Breuer et al. (2020) (1); Brun et al. (2021) (3); Chrouser et al.
(2018) (3); Cohen et al. (2021) (1); Collins et al. (2017) (4); Cossio-Gil et al.
(2022) (3); Crocitto et al. (2021) 11); Di Sivo (2017) (4); Egeland et al. (2017)
(2); El Boghdady & Tang (2022) (1); Emond et al. (2022) (1); Erhard et al.
(2018) (9); Ferreira & Marques (2019) (29); Freundlich et al. (2020) (4); Glaser
et al. (2019) (32); Gui et al. (2021) (2); Hadaya et al. (2021) (13); Ibrahim et al.
(2022) (14); Kava et al. (2017) (1); Kleiner (2019) (6); Koppka et al. (2018) (4);
Kubala et al. (2021) (4); Kuritzkes et al. (2019) (1); Lai et al. (2022) (3); Lear et
al. (2017) (4); Lichtenberg (2015) (8); MacNeil et al. (2019) (1); Marques &
Captivo (2017) (2); Moons et al. (2019) (7); Moreira et al. (2017) (9); Mundt et
al. (2020) (1); Newsweek (2022) (5); Olmsted et al. (2022) (16); Patel et al.
(2022) (1); Rodriguez et al. (2021) (5); Saporito et al. (2021) (1); Seelen et al.
(2018) (10); Shortell et al. (2018) (2); Trosman et al. (2017) (1); Truong et al.
(2021) (8); Turkelson & Keiser (2017) (1); Ukegjini et al. (2020) (1); Volk (2017)
(3); Wang et al. (2021) (1); Zweifel (2021) (2)

Resources Education & knowledge 2(2)

Levin & Lee (2019) (1); Moreira et al. (2017) (1)
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Objective factor Objective characteristic

Frequency
(# phrases
(# articles))

References (# phrases)

Supply

2(2)

Collins et al. (2017) (1); Moons et al. (2019) (1)

Technology

18 (4)

Auerbach et al. (2018) (2); Moreira et al. (2017) (5); Scholte et al. (2021) (10);
Trosman et al. (2017) (1)

61 (19)

Adams et al. (2022) (4);Bayramzadeh et al. (2021) (3); Beaulieu & Bentahar
(2021) (7); Bottani et al. (2022) (3); Breuer et al. (2020) (3); Brun et al. (2021)
(1); Chrouser et al. (2018) (3); Cohen et al. (2021) (1); Collins et al. (2017) (1);
Cossio-Gil et al. (2022) (3); Di Sivo (2017) (4); Ferreira & Marques (2019) (11);
Gelb et al. (2018) (10); Levin & Lee (2019) (1); Lichtenberg (2015) (1);
Marques & Captivo (2017) (1); Monnickendam & de Asmundis (2018) (1);
Moons et al. (2019) (11); Seelen et al. (2018) (1)

Surgical performance

4(3)

Alban et al. (2019) (1); Chrouser et al. (2018) (2); Nicholson et al. (2020) (1)

Safety

186 (39)

Alban et al. (2019) (14); Bath et al. (2019) (3); Beaulieu & Bentahar (2021) (1);
Belykh et al. (2018) (1); Bottani et al. (2022) (2); Bretonnier et al. (2020) (3);
Breuer et al. (2020) (1); Brun et al. (2021) (1); Chrouser et al. (2018) (14);
Collins et al. (2017) (1); Crocitto et al. (2021) (2); El Boghdady & Tang (2022)
(2); Emond et al. (2022) (19); Ferreira & Marques (2019) (5); Frasier et al.
(2019) (3); Gelb et al. (2018) (2); Gui et al. (2021) (4); Ibrahim et al. (2022)
(12); Kava et al. (2017) (1); Kim et al. (2019) (3); Kubala et al. (2021) (1);
Kuritzkes et al. (2019) (3); Lear et al. (2017) (5); Leuridan (2020) (6); MacNeil
et al. (2019) (1); McMullan et al. (2020) (3); Moons et al. (2019) (2); Mundt et
al. (2020) (1); Nicholson et al. (2020) (5); Nilsson et al. (2018) (8); Pattni et al.
(2019) (10); Pradere et al. (2022) (1); Saporito et al. (2021) (1); Scali et al.
(2020) (2); Sotto et al. (2021) (13); Thomsen et al. (2017) (5); Truong et al.
(2021) (15); Turkelson & Keiser (2017) (8); Volk (2017) (2)

Care outcomes

2(2)

Moons et al. (2019) (1); Newsweek (2022) (1)

Management satisfaction

3(3)

Koppka et al. (2018) (1); Marques & Captivo (2017) (1); Moons et al. (2019)
(1)

Satisfaction

Patient satisfaction

8 (8)

Bayramzadeh et al. (2021) (1); Cohen et al. (2021) (1); Freundlich et al. (2020)
(1); Kava et al. (2017) (1); MacNeil et al. (2019) (1); Marques & Captivo (2017)
(1); Moons et al. (2019) (1); Pattni et al. (2019) (1)

103



Objective factor Objective characteristic

Frequency
(# phrases
(# articles))

References (# phrases)

Staff satisfaction

9(6)

Bayramzadeh et al. (2021) (1); Breuer et al. (2020) (3); Brun et al. (2021) (1);
Erhard et al. (2018) (2); Koppka et al. (2018) (1); Moons et al. (2019) (1)

31(16)

Aringhieri et al. (2022) (5); Auerbach et al. (2018) (1); Beaulieu & Bentahar
(2021) (1); Bottani et al. (2022) (1); Breuer et al. (2020) (4); Chrouser et al.
(2018) (1); Cohen et al. (2021) (2); Erhard et al. (2018) (2); Koppka et al.
(2018) (2); Kubala et al. (2021) (1); MacNeil et al. (2019) (3); Marques &
Captivo (2017) (2); Moons et al. (2019) (1); Moreira et al. (2017) (1);
Newsweek (2022) (2); Olmsted et al. (2022) (2)

Environment

12 (3)

Beaulieu & Bentahar (2021) (1); Pradere et al. (2022) (5); Rodriguez et al.
(2021) (6)

Operational performance

12 (4)

Marques & Captivo (2017) (1); Moreira et al. (2017) (1); Olmsted et al. (2022)
(1); Shehadeh & Padman (2022) (9)

Service

108 (23)

Adams et al. (2022) (8); Aringhieri et al. (2022) (5); Beaulieu & Bentahar
(2021) (2); Bottani et al. (2022) (2); Breuer et al. (2020) (18); Erhard et al.
(2018) (2); Ferreira & Marques (2019) (4); Koppka et al. (2018) (1); Kubala et
al. (2021) (4); MacNeil et al. (2019) (1); Marques & Captivo (2017) (7);
Monnickendam & de Asmundis (2018) (24); Moons et al. (2019) (3); Moreira
et al. (2017) (5); Newsweek (2022) (8); Olmsted et al. (2022) (1); Rodriguez et
al. (2021) (1); Seelen et al. (2018) (1); Shehadeh & Padman (2022) (3); Sotto et
al. (2021) (1); Trosman et al. (2017) (4); Turkelson & Keiser (2017) (1); Wang
et al. (2021) (2)

Staff (health) condition

66 (16)

Adams et al. (2022) (1);Alban et al. (2019) (4); Bayramzadeh et al. (2021) (2);
Belykh et al. (2018) (16); Bilgic et al. (2020) (3); Bretonnier et al. (2020) (3);
Breuer et al. (2020) (2); Chrouser et al. (2018) (17); Crocitto et al. (2021) (5);
Di Sivo (2017) (1); Erhard et al. (2018) (1); Ferreira & Marques (2019) (3);
Ibrahim et al. (2022) (3); Nicholson et al. (2020) (1); Nilsson et al. (2018) (1);
Ukegjini et al. (2020) (3)

Adequacy

6(3)

Gui et al. (2021) (1); Marques & Captivo (2017) (4); Pradere et al. (2022) (1)

Surgical performance Authority

2(2)

Alban et al. (2019) (1); Cossio-Gil et al. (2022) (1)

Care outcomes

2(2)

Belykh et al. (2018) (1); Bilgic et al. (2020) (1)

104



Objective factor

Objective characteristic

Frequency
(# phrases
(# articles))

References (# phrases)

Decision-making

5(4)

Bilgic et al. (2020) (1); Collins et al. (2017) (1); Cossio-Gil et al. (2022) (2);
Olmsted et al. (2022) (1)

Education & knowledge

2(2)

Lai et al. (2022) (1); Levin & Lee (2019) (1)

Environment

20(3)

Ferreira & Marques (2019) (1); Pradere et al. (2022) (18); Saporito et al.
(2021) (1)

Operational performance

2(2)

MacNeil et al. (2019) (1); Marques & Captivo (2017) (1)

Staff performance

85 (23)

Adams et al. (2022) (1); Alban et al. (2019) (6); Bayramzadeh et al. (2021) (2);
Beaulieu & Bentahar (2021) (2); Belykh et al. (2018) (24); Bilgic et al. (2020)
(1); Bottani et al. (2022) (1); Bretonnier et al. (2020) (3); Breuer et al. (2020)
(1); Chrouser et al. (2018) (21); Cohen et al. (2021) (1); Crocitto et al. (2021)
(4); DiSivo (2017) (1); Erhard et al. (2018) (4); Frasier et al. (2019) (1); Ibrahim
et al. (2022) (1); Lear et al. (2017) (1); McMullan et al. (2020) (1); Moreira et
al. (2017) (1); Thomsen et al. (2017) (3); Truong et al. (2021) (2); Ukegjini et al.
(2020) (2); Volk (2017) (1)

Teamwork

4(2)

Bretonnier et al. (2020) (3); Cohen et al. (2021) (1)

Technology

2(2)

Alban et al. (2019) (1); Bilgic et al. (2020) (1)

241 (52)

Adams et al. (2022) (10); Alban et al. (2019) (15); Aringhieri et al. (2022) (3);
Bath et al. (2019) (4); Bayramzadeh et al. (2021) (8); Beaulieu & Bentahar
(2021) (1); Belykh et al. (2018) (10); Bilgic et al. (2020) (5); Birkhoff et al.
(2021) (1); Bottani et al. (2022) (6); Bretonnier et al. (2020) (5); Breuer et al.
(2020) (2); Chrouser et al. (2018) (18); Cohen et al. (2021) (3); Collins et al.
(2017) (4); Cossio-Gil et al. (2022) (2); Crocitto et al. (2021) (1); Di Sivo (2017)
(1);El Boghdady & Tang (2022) (5); Ferreira & Marques (2019) (7); Glaser et al.
(2019) (1); Glennie et al. (2019) (1); Gui et al. (2021) (11); Ibrahim et al. (2022)
(3); Kleiner (2019) (3); Koppka et al. (2018) (1); Kubala et al. (2021) (6); Lai et
al. (2022) (3); Lear et al. (2017) (1); Levin & Lee (2019) (2); Lichtenberg (2015)
(1); Marques & Captivo (2017) (5); McMullan et al. (2020) (4); Moons et al.
(2019) (18); Moreira et al. (2017) (1); Mundt et al. (2020) (7); Nilsson et al.
(2018) (2); Olmsted et al. (2022) (1); Pradere et al. (2022) (9); Rodriguez et al.
(2021) (1); Sateri et al. (2017) (1); Seelen et al. (2018) (2); Shehadeh &
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Objective factor

Objective characteristic

Frequency
(# phrases
(# articles))

References (# phrases)

Padman (2022) (1); Shortell et al. (2018) (5); Sotto et al. (2021) (9); Thomsen
et al. (2017) (3); Truong et al. (2021) (3); Turkelson & Keiser (2017) (9);
Ukegjini et al. (2020) (10); Volk (2017) (2); Wang et al. (2021) (2); Zingiryan et
al. (2017) (2)

Team

Care outcomes 3(3) Frasier et al. (2019) (1); Pattni et al. (2019) (1); Truong et al. (2021) (1)

Decision-making 4 (2) Breuer et al. (2020) (1); McMullan et al. (2020) (3)

Operational performance 7 (4) l?c:fkh(lg(])i;f;'l()zozn (1); McMullan et al. (2020) (3); Pattni et al. (2019) (2);

Safety 3(2) Frasier et al. (2019) (1); Freundlich et al. (2020) (2)

Workload 3(3) MacNeil et al. (2019) (1); McMullan et al. (2020) (1); Newsweek (2022) (1)
Belykh et al. (2018) (1); Bretonnier et al. (2020) (2); Chrouser et al. (2018)
(16); Collins et al. (2017) (1); Crocitto et al. (2021) (2); Frasier et al. (2019)
(11); Gui et al. (2021) (3); Ibrahim et al. (2022) (4); Kubala et al. (2021) (4);

131 (22) Lear et al. (2017) (4); Leuridan (2020) (1); MacNeil et al. (2019) (6); McMullan

et al. (2020) (10); Monnickendam & de Asmundis (2018) (1); Mundt et al.
(2020) (4); Nicholson et al. (2020) (1); Nilsson et al. (2018) (2); Pattni et al.
(2019) (10); Sotto et al. (2021) (4); Truong et al. (2021) (11); Volk (2017) (30);
Zingiryan et al. (2017) (3)
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Appendix D The metric combination of the performance optimisation of the OR

Table Appendix 4: The metric combination of the performance optimisation of the OR from the 84 selected articles, together with the corresponding
number of studies and references. Between the brackets, the frequency of phrases within the articles are stated. All the metrics that occurred only once
(n=1) in all articles or only occurred in one article has been removed.

Metric factor Metric characteristic

Frequency References

Accessibility

14 (11)

Aringhieri et al. (2022) (4); Bath et al. (2019) (1); Bottani et al. (2022) (1); Collins et al.
(2017) (1); Ferreira & Marques (2019) (1); Glennie et al. (2019) (1); Levin & Lee (2019)
(1); Marques & Captivo (2017) (1); Newsweek (2022) (1); Olmsted et al. (2022) (1);
Sotto et al. (2021) (1)

Accreditation

3(3)

Adams et al. (2021) (1); Bilgic et al. (2020) (1); Brun et al. (2021) (1)

Accuracy

14 (11)

Alban et al. (2019) (1); Aringhieri et al. (2022) (1); Belykh et al. (2018) (1); Bilgic et al.
(2020) (2); Chrouser et al. (2018) (2); El Boghdady & Tang (2022) (2); Freundlich et al.
(2020) (1); Gui et al. (2021) (1); Ibrahim et al. (2022) (1); Turkelson & Keiser (2017) (1);
Volk (2017) (1)

Audit performance

13 (10)

Adams et al. (2021) (1); Brun et al. (2021) (1); Chrouser et al. (2018) (2); Glaser et al.
(2019) (1); Kim et al. (2019) (1); Lai et al. (2022) (1); Nicholson et al. (2020) (1); Pradere
et al. (2022) (3); Rodriguez et al. (2021) (1); Volk (2017) (1)

Authority

30 (16)

Auerbach et al. (2018) (1); Bretonnier et al. (2020) (1); Chrouser et al. (2018) (1);
Collins et al. (2017) (3); Crocitto et al. (2021) (8); El Boghdady & Tang (2022) (1);
Freundlich et al. (2020) (1); Hadaya et al. (2021) (1); Ibrahim et al. (2022) (2); Lear et al.
(2017) (1); McMullan et al. (2020) (2); Pattni et al. (2019) (2); Pradere et al. (2022) (1);
Sotto et al. (2021) (1); Ukegjini et al. (2020) (1); Volk (2017) (3)

Length of stay

2(2)

Ferreira & Marques (2019) (1); Seelen et al. (2018) (1)

Bed utilisation

17 (11)

Aringhieri et al. (2022) (4); Bottani et al. (2022) (2); Ferreira & Marques (2019) (2);
Hadaya et al. (2021) (1); Ibrahim et al. (2022) (1); Kleiner (2019) (1); Koppka et al.
(2018) (1); Lear et al. (2017) (2); Marques & Captivo (2017) (1); Moons et al. (2019) (1);
Shehadeh & Padman (2022) (1)

Behaviour

17 (10)

Alban et al. (2019) (1); Chrouser et al. (2018) (5); Ibrahim et al. (2022) (1); Kava et al.
(2017) (1); Lichtenberg (2015) (1); Leuridan (2020) (1); Pattni et al. (2019) (3); Pradere
et al. (2022) (1); Truong et al. (2021) (1); Turkelson & Keiser (2017) (2)

Care outcomes Complication

2(2)

Emond et al. (2022) (1); Levin & Lee (2019) (1)
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Metric factor Metric characteristic

Frequency References

Morbidity

22 (14)

Adams et al. (2021) (1); Adams et al. (2022) (1); Cossio-Gil et al. (2022) (1); Bretonnier
et al. (2020) (3); Glaser et al. (2019) (1); Ibrahim et al. (2022) (2); Kuritzkes et al. (2019)
(1); Olmsted et al. (2022) (1); Pattni et al. (2019) (1); Sotto et al. (2021) (2); Truong et
al. (2021) (2); Ukegjini et al. (2020) (3); Volk (2017) (2); Zingiryan et al. (2017) (1)

46 (22)

Adams et al. (2021) (2); Adams et al. (2022) (2); Alban et al. (2019) (1); Aringhieri et al.
(2022) (1); Auerbach et al. (2018) (3); Bayramzadeh et al. (2021) (2); Bottani et al.
(2022) (1); Ferreira & Marques (2019) (5); Glaser et al. (2019) (3); Glennie et al. (2019)
(1); Gui et al. (2021) (1); Hadaya et al. (2021) (1); lbrahim et al. (2022) (3); Lear et al.
(2017) (6); MacNeil et al. (2019) (2); McMullan et al. (2020) (2); Moons et al. (2019) (3);
Moreira et al. (2017) (2); Newsweek (2022) (2); Rodriguez et al. (2021) (1); Seelen et al.
(2018) (1); Shortell et al. (2018) (1)

Transparency

10 (8)

Adams et al. (2021) (1); Adams et al. (2022) (2); Beaulieu & Bentahar (2021) (1); Collins
et al. (2017) (1); Glennie et al. (2019) (2); Ibrahim et al. (2022) (1); Moons et al. (2019)
(1); Olmsted et al. (2022) (1)

Communication

60 (28)

Alban et al. (2019) (1); Bayramzadeh et al. (2021) (1); Beaulieu & Bentahar (2021) (1);
Belykh et al. (2018) (1); Bretonnier et al. (2020) (2); Chrouser et al. (2018) (3); Cohen et
al. (2021) (2); Collins et al. (2017) (1); Cossio-Gil et al. (2022) (1); Crocitto et al. (2021)
(1); Emond et al. (2022) (1); Frasier et al. (2019) (9); Gui et al. (2021) (1); Ibrahim et al.
(2022) (1); Kava et al. (2017) (3); Lear et al. (2017) (3); Leuridan (2020) (1); Levin & Lee
(2019) (5); MacNeil et al. (2019) (1); Moons et al. (2019) (1); Moreira et al. (2017) (1);
Mundt et al. (2020) (1); Pattni et al. (2019) (5); Sotto et al. (2021) (2); Truong et al.
(2021) (2); Turkelson & Keiser (2017) (1); Ukegjini et al. (2020) (2); Volk (2017) (6)

Complexity

6 (6)

Chrouser et al. (2018) (1); Ferreira & Marques (2019) (1); Gelb et al. (2018) (1); Ibrahim
et al. (2022) (1); Kleiner (2019) (1); Ukegjini et al. (2020) (1)

Complication

59 (923)

Adams et al. (2021) (3); Adams et al. (2022) (2); Alban et al. (2019) (6); Bilgic et al.
(2020) (1); Egeland et al. (2017) (1); Emond et al. (2022) (3); Gelb et al. (2018) (1);
Glaser et al. (2019) (6); Glennie et al. (2019) (1); Kim et al. (2019) (1); Kuritzkes et al.
(2019) (8); Lear et al. (2017) (1); Levin & Lee (2019) (1); Monnickendam & de Asmundis
(2018) (1); Moreira et al. (2017) (1); Pattni et al. (2019) (3); Scali et al. (2020) (3); Sotto
et al. (2021) (3); Thomsen et al. (2017) (2); Truong et al. (2021) (4); Turkelson & Keiser
(2017) (1); Ukegjini et al. (2020) (3); Zingiryan et al. (2017) (3)
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Frequency References

Workforce

3(2)

Childers & Maggard-Gibbons (2018) (2); Glennie et al. (2019) (1)

Cost

23(13)

Alban et al. (2019) (1); Aringhieri et al. (2022) (1); Briingger et al. (2021) (2); Childers &
Maggard-Gibbons (2018) (1); Erhard et al. (2018) (2); Ferreira & Marques (2019) (2);
Glennie et al. (2019) (2); Monnickendam & de Asmundis (2018) (2); Moons et al. (2019)
(1); Moreira et al. (2017) (1); Patel et al. (2022) (4); Scholte et al. (2021) (2); Trosman et
al. (2017) (2)

Behaviour

2(2)

Alban et al. (2019) (1); Leuridan (2020) (1)

Culture

23 (16)

Chrouser et al. (2018) (3); Cohen et al. (2021) (1); Cossio-Gil et al. (2022) (1); Kuritzkes
et al. (2019) (1); Lear et al. (2017) (2); Leuridan (2020) (1); MacNeil et al. (2019) (2);
McMullan et al. (2020) (1); Mundt et al. (2020) (1); Nilsson et al. (2018) (1); Pattni et al.
(2019) (2); Shortell et al. (2018) (2); Sotto et al. (2021) (1); Truong et al. (2021) (1); Volk
(2017) (1); Zingiryan et al. (2017) (2)

Decision-making

7(7)

Auerbach et al. (2018) (1); Freundlich et al. (2020) (1); Glennie et al. (2019) (1);
McMullan et al. (2020) (1); Mundt et al. (2020) (1); Pradere et al. (2022) (1); Trosman
et al. (2017) (1)

Diagnose

8(6)

Lichtenberg (2015) (1); MacNeil et al. (2019) (1); McMullan et al. (2020) (1); Olmsted et
al. (2022) (2); Scali et al. (2020) (1); Volk (2017) (2)

Discharge

10 (6)

Adams et al. (2021) (1); Adams et al. (2022) (3); Ferreira & Marques (2019) (2); Glennie
et al. (2019) (1); Hadaya et al. (2021) (1); Olmsted et al. (2022) (2)

Distribution equipment

9 (3)

Birkhoff et al. (2021) (1); Childers & Maggard-Gibbons (2018) (2); Moons et al. (2019)
(6)

Disturbance

26 (7)

Belykh et al. (2018) (1); Bretonnier et al. (2020) (2); Gui et al. (2021) (11); Levin & Lee
(2019) (1); Pradere et al. (2022) (1); Ukegjini et al. (2020) (12)

Education

36 (20)

Auerbach et al. (2018) (1); Bath et al. (2019) (1); Belykh et al. (2018) (1); Brun et al.
(2021) (1); Childers & Maggard-Gibbons (2018) (1); Cohen et al. (2021) (1); El Boghdady
& Tang (2022) (1); Erhard et al. (2018) (1); Frasier et al. (2019) (1); Glaser et al. (2019)
(3); Kava et al. (2017) (1); Lear et al. (2017) (2); Mundt et al. (2020) (1); Pattni et al.
(2019) (1); Pradere et al. (2022) (1); Rodriguez et al. (2021) (1); Scholte et al. (2021) (2);
Thomsen et al. (2017) (2); Truong et al. (2021) (8); Volk (2017) (5)

Environment Energy

8 (3)

Bottani et al. (2022) (1); Pradere et al. (2022) (6); Rodriguez et al. (2021) (1)
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Metric factor Metric characteristic

Frequency References

8 (6)

Birkhoff et al. (2021) (1); Ibrahim et al. (2022) (1); Lai et al. (2022) (2); Pradere et al.
(2022) (1); Rodriguez et al. (2021) (2); Saporito et al. (2021) (1)

Communication

2(2)

Cohen et al. (2021) (1); El Boghdady & Tang (2022) (1)

Equipment inventory

7(4)

Beaulieu & Bentahar (2021) (3); Chrouser et al. (2018) (1); Lear et al. (2017) (1); Moons
et al. (2019) (2)

Maintenance

3(3)

Brun et al. (2021) (1); Ferreira & Marques (2019) (1); Moons et al. (2019) (1)

Staff satisfaction

2(2)

Cohen et al. (2021) (1); Moons et al. (2019) (1)

Equipment type

41 (30)

Adams et al. (2021) (1); Adams et al. (2022) (1); Aringhieri et al. (2022) (1); Auerbach et
al. (2018) (3); Beaulieu & Bentahar (2021) (1); Birkhoff et al. (2021) (1); Bottani et al.
(2022) (1); Brun et al. (2021) (2); Briingger et al. (2021) (1); Childers & Maggard-
Gibbons (2018) (1); Cohen et al. (2021) (1); Collins et al. (2017) (1); Crocitto et al.
(2021) (1); Di Sivo (2017) (1); El Boghdady & Tang (2022) (1); Ferreira & Marques
(2019) (2); Hadaya et al. (2021) (1); Lear et al. (2017) (2); MacNeil et al. (2019) (1);
Marques & Captivo (2017) (2); McMullan et al. (2020) (1); Monnickendam & de
Asmundis (2018) (1); Moons et al. (2019) (4); Olmsted et al. (2022) (1); Patel et al.
(2022) (2); Scholte et al. (2021) (2); Seelen et al. (2018) (1); Shortell et al. (2018) (1);
Sotto et al. (2021) (1); Volk (2017) (1)

Equipment utilisation

19 (12)

Beaulieu & Bentahar (2021) (1); Bottani et al. (2022) (2); Cohen et al. (2021) (1);
Egeland et al. (2017) (1); Kubala et al. (2021) (1); Lear et al. (2017) (4); MacNeil et al.
(2019) (1); Marques & Captivo (2017) (2); Monnickendam & de Asmundis (2018) (2);
Moons et al. (2019) (2); Moreira et al. (2017) (1); Newsweek (2022) (1);

Equity

14 (6)

Crocitto et al. (2021) (1); Erhard et al. (2018) (1); Ferreira & Marques (2019) (2);
Marques & Captivo (2017) (5); Rodriguez et al. (2021) (4); Saporito et al. (2021) (1)

Ergonomics

5(4)

Belykh et al. (2018) (2); Di Sivo (2017) (1); El Boghdady & Tang (2022) (1); Erhard et al.
(2018) (1)

Expertise

45 (24)

Adams et al. (2021) (1); Adams et al. (2022) (5); Bayramzadeh et al. (2021) (1); Belykh
et al. (2018) (1); Bilgic et al. (2020) (1); Bretonnier et al. (2020) (1); Breuer et al. (2020)
(1); Brun et al. (2021) (2); Chrouser et al. (2018) (3); Crocitto et al. (2021) (3); Di Sivo
(2017) (1); El Boghdady & Tang (2022) (1); Gui et al. (2021) (1); Hadaya et al. (2021) (1);
Ibrahim et al. (2022) (1); Kim et al. (2019) (1); Lai et al. (2022) (1); Mundt et al. (2020)
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Metric characteristic

Frequency References

(1); Newsweek (2022) (2); Olmsted et al. (2022) (5); Sotto et al. (2021) (3); Thomsen et
al. (2017) (1); Turkelson & Keiser (2017) (2); Volk (2017) (4); Wang et al. (2021) (1)

Kleiner (2019) (3); Koppka et al. (2018) (2); Kubala et al. (2021) (2); Seelen et al. (2018)

Hospital capacity 9(4) 2)
Hygiene 3(3) Di Sivo (2017) (1); Kuritzkes et al. (2019) (1); Newsweek (2022) (1)
. Gui et al. (2021) (1); Monnickendam & de Asmundis (2018) (1); Shehadeh & Padman
Idle time 4 (3) (2022) (2)( (1) ( ()
Inventor 14 (5) Beaulieu & Bentahar (2021) (5); Childers & Maggard-Gibbons (2018) (1); Gelb et al.
y (2018) (1); Koppka et al. (2018) (1); Moons et al. (2019) (6)

Investment 6 (5) Beaulieu & Bentahar (2021) (2); Childers & Maggard-Gibbons (2018) (1); Ferreira &
Marques (2019) (1); Glennie et al. (2019) (1); Levin & Lee (2019) (1)
Adams et al. (2021) (1); Aringhieri et al. (2022) (1); Bringger et al. (2021) (4); Emond et
al. (2022) (1); Glaser et al. (2019) (2); Glennie et al. (2019) (1); Koppka et al. (2018) (1);

Length of stay 17012) Nicholson et al. (2020) (1); Olmsted et al. (2022) (2); Patel et al. (2022) (1); Saporito et
al. (2021) (1); Wang et al. (2021) (1)

Maintenance 3(2) Ferreira & Marques (2019) (1); Scholte et al. (2021) (2)

Operational Birkhoff et al. (2021) (1); Glennie et al. (2019) (2); lbrahim et al. (2022) (3); Lear et al.

Srformance 14 (8) (2017) (2); Moons et al. (2019) (2); Rodriguez et al. (2021) (1); Scholte et al. (2021) (2);

P Volk (2017) (1)
Ferreira & Marques (2019) (1); Moreira et al. (2017) (1); Newsweek (2022) (1);

OR block >(4) Shehadeh & Padman (2022) (2)
Alban et al. (2019) (1); Bayramzadeh et al. (2021) (7); Childers & Maggard-Gibbons

OR desien 21 (12) ; Collins et al. ; Crocitto et al. ; Di Sivo ; Gui et al.
(2018) (1); Colli 1. (2017) (1); Croci l. (2021) (1); Di Sivo (2017) (2); Gui et al

& (2021) (1); Kubala et al. (2021) (2); Kuritzkes et al. (2019) (2); Lai et al. (2022) (1);
Seelen et al. (2018) (2); Turkelson & Keiser (2017) (1)
OR break 11 (3) Belykh et al. (2018) (2); Bretonnier et al. (2020) (8); Glennie et al. (2019) (1)
OR ti . ; . ; ;
ime OR over time 7 (4) Erhard et al. (2018) (2); Koppka et al. (2018) (2); Shehadeh & Padman (2022) (2); Wang

et al. (2021) (1)
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Metric factor Metric characteristic

Frequency References

OR utilisation

77 (20)

Aringhieri et al. (2022) (4); Bottani et al. (2022) (6); Bretonnier et al. (2020) (1); Breuer
et al. (2020) (5); Childers & Maggard-Gibbons (2018) (1); Collins et al. (2017) (6); Erhard
et al. (2018) (4); Ferreira & Marques (2019) (10); Glennie et al. (2019) (1); Koppka et al.
(2018) (6); Kubala et al. (2021) (3); Marques & Captivo (2017) (3); Monnickendam & de
Asmundis (2018) (7); Moons et al. (2019) (1); Patel et al. (2022) (6); Saporito et al.
(2021) (6); Seelen et al. (2018) (3); Shehadeh & Padman (2022) (2); Wang et al. (2021)
(1); Zingiryan et al. (2017) (1)

Anatomy

3(2)

Chrouser et al. (2018) (2); El Boghdady & Tang (2022) (1)

Patient (health)
condition

30(13)

Bayramzadeh et al. (2021) (2); Birkhoff et al. (2021) (2); Briingger et al. (2021) (2);
Chrouser et al. (2018) (4); Ferreira & Marques (2019) (4); Freundlich et al. (2020) (2);
Glaser et al. (2019) (2); Ibrahim et al. (2022) (1); Olmsted et al. (2022) (1); Rodriguez et
al. (2021) (2); Sotto et al. (2021) (1); Trosman et al. (2017) (1); Turkelson & Keiser
(2017) (6)

Patient flow

7 (6)

Aringhieri et al. (2022) (1); Beaulieu & Bentahar (2021) (1); Bottani et al. (2022) (1);
Glennie et al. (2019) (1); Kubala et al. (2021) (2); Moons et al. (2019) (1)

Patient satisfaction

45 (21)

Adams et al. (2021) (1); Adams et al. (2022) (5); Alban et al. (2019) (1); Aringhieri et al.
(2022) (3); Bottani et al. (2022) (2); Brun et al. (2021) (1); Cohen et al. (2021) (2);
Ferreira & Marques (2019) (1); Freundlich et al. (2020) (6); Glennie et al. (2019) (1);
Koppka et al. (2018) (1); Kubala et al. (2021) (2); Lai et al. (2022) (1); MacNeil et al.
(2019) (1); Marques & Captivo (2017) (1); McMullan et al. (2020) (2); Moreira et al.
(2017) (3); Newsweek (2022) (5); Olmsted et al. (2022) (4); Trosman et al. (2017) (1);
Zweifel (2021) (1)

Pharmaceuticals

13 (12)

Adams et al. (2022) (1); Beaulieu & Bentahar (2021) (1); Briingger et al. (2021) (1);
Crocitto et al. (2021) (1); El Boghdady & Tang (2022) (1); Emond et al. (2022) (1);
Ferreira & Marques (2019) (1); Ibrahim et al. (2022) (1); Lichtenberg (2015) (2);
Nicholson et al. (2020) (1); Olmsted et al. (2022) (1); Volk (2017) (1)

Policy Accuracy

2(2)

Alban et al. (2019) (1); McMullan et al. (2020) (1)
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Metric factor

Metric characteristic

Frequency References

38 (26)

Adams et al. (2021) (1);Auerbach et al. (2018) (1); Birkhoff et al. (2021) (1); Brun et al.
(2021) (2); Briingger et al. (2021) (4); Chrouser et al. (2018) (1); Collins et al. (2017) (1);
Cossio-Gil et al. (2022) (1); Crocitto et al. (2021) (1); Di Sivo (2017) (2); Emond et al.
(2022) (1); Erhard et al. (2018) (1); Ferreira & Marques (2019) (2); Frasier et al. (2019)
(1); Glaser et al. (2019) (2); Hadaya et al. (2021) (1); Lear et al. (2017) (2); Leuridan
(2020) (1); MacNeil et al. (2019) (2); McMullan et al. (2020) (2); Moreira et al. (2017)
(2); Patel et al. (2022) (2); Pattni et al. (2019) (1); Saporito et al. (2021) (1); Sotto et al.
(2021) (1); Turkelson & Keiser (2017) (1)

Profit

8 (6)

Childers & Maggard-Gibbons (2018) (2); Crocitto et al. (2021) (1); Egeland et al. (2017)
(1); Glennie et al. (2019) (1); Moreira et al. (2017) (2); Saporito et al. (2021) (1)

Readmission

15(9)

Adams et al. (2021) (2); Adams et al. (2022) (1); Glaser et al. (2019) (1); Glennie et al.
(2019) (3); Hadaya et al. (2021) (2); Kleiner (2019) (3); Koppka et al. (2018) (1); Moreira
et al. (2017) (1); Newsweek (2022) (1)

Responsiveness

30(17)

Alban et al. (2019) (2); Asch et al. (2022) (1); Auerbach et al. (2018) (1); Bretonnier et
al. (2020) (2); Chrouser et al. (2018) (1); Ferreira & Marques (2019) (1); lbrahim et al.

(2022) (3); Lear et al. (2017) (1); MacNeil et al. (2019) (1); McMullan et al. (2020) (4);

Moons et al. (2019) (1); Mundt et al. (2020) (1); Shortell et al. (2018) (1); Truong et al.
(2021) (5); Turkelson & Keiser (2017) (1); Ukegjini et al. (2020) (3); Volk (2017) (1)

Revenue

5(5)

Alban et al. (2019) (1); Aringhieri et al. (2022) (1); Egeland et al. (2017) (1); Koppka et
al. (2018) (1); Marques & Captivo (2017) (1)

Safety

29 (24)

Adams et al. (2021) (1); Alban et al. (2019) (1); Belykh et al. (2018) (1); Birkhoff et al.
(2021) (1); Chrouser et al. (2018) (2); Cohen et al. (2021) (1); Collins et al. (2017) (1);
Ferreira & Marques (2019) (3); Kleiner (2019) (1); Kuritzkes et al. (2019) (1); Lai et al.
(2022) (1); Lear et al. (2017) (2); McMullan et al. (2020) (1); Moreira et al. (2017) (1);
Newsweek (2022) (1); Nilsson et al. (2018) (1); Olmsted et al. (2022) (1); Pattni et al.
(2019) (1); Pradere et al. (2022) (1); Rodriguez et al. (2021) (1); Truong et al. (2021) (2);
Turkelson & Keiser (2017) (1); Volk (2017) (1); Zingiryan et al. (2017) (1)

Savings

20 (12)

Alban et al. (2019) (2); Auerbach et al. (2018) (2); Crocitto et al. (2021) (1); Egeland et
al. (2017) (3); Ferreira & Marques (2019) (1); Glennie et al. (2019) (3); Hadaya et al.
(2021) (1); Kleiner (2019) (1); Marques & Captivo (2017) (1); Moons et al. (2019) (1);
Moreira et al. (2017) (1); Patel et al. (2022) (3)
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Metric characteristic

Frequency References

Schedule

Authority 2(2) Monnickendam & de Asmundis (2018) (1); Moons et al. (2019) (1)

Bed utilisation 6(2) Bottani et al. (2022) (1); Shehadeh & Padman (2022) (5)

Cancellation 7(5) Bottar.n et al. (2022) (1); Breugr et al. (2020) (1); Koppka et al. (2018) (2);
Monnickendam & de Asmundis (2018) (1); Shehadeh & Padman (2022) (1)

Communication 2(2) Moons et al. (2019) (1); Seelen et al. (2018) (1)

Dela 5(3) Monnickendam & de Asmundis (2018) (1); Seelen et al. (2018) (1); Shehadeh &

¥ Padman (2022) (3)
Distribution equipment 3 (3) Ibrahim et al. (2022) (1); Moons et al. (2019) (1); Shehadeh & Padman (2022) (1)
Equipment 5(3) Di Sivo (2017) (1); Moons et al. (2019) (3); Shehadeh & Padman (2022) (1)
. . Bottani et al. (2022) (1); Breuer et al. (2020) (1); Marques & Captivo (2017) (1);

Hospital capacity 44 Shehadeh & Padman (2022) (1)

Length of stay 2(2) Emond et al. (2022) (1); Shehadeh & Padman (2022) (1)
Birkhoff et al. (2021) (1); Breuer et al. (2020) (1); Collins et al. (2017) (1); Koppka et al.

OR block 18 (9) (2018) (2); Kubala et al. (2021) (1); Marques & Captivo (2017) (1); Monnickendam & de
Asmundis (2018) (4); Seelen et al. (2018) (2); Shehadeh & Padman (2022) (3)

OR design 3(3) Di Sivo (2017) (1); Erhard et al. (2018) (1); Shehadeh & Padman (2022) (1)

OR time 6 (3) Aringhieri et al. (2022) (4); Monnickendam & de Asmundis (2018) (1); Saporito et al.
(2021) (1)
Aringhieri et al. (2022) (1); Bottani et al. (2022) (3); Breuer et al. (2020) (3); Di Sivo

I (2017) (1); Erhard et al. (2018) (1); Koppka et al. (2018) (3); Marques & Captivo (2017)

OR utilisation 20 (10) (1); Monnickendam & de Asmundis (2018) (4); Seelen et al. (2018) (2); Shehadeh &
Padman (2022) (1)

Patient satisfaction 6 (3) Birkhoff et al. (2021) (1); Bottani et al. (2022) (4); Breuer et al. (2020) (1)

Robustness 9(3) Bottani et al. (2022) (1); Breuer et al. (2020) (4); Marques & Captivo (2017) (4)

Staff satisfaction 10 (2) Breuer et al. (2020) (5); Erhard et al. (2018) (5)

Start time 4(2) Breuer et al. (2020) (3); Moons et al. (2019) (1)

Surgery efficiency 3(2) Aringhieri et al. (2022) (1); Marques & Captivo (2017) (2)

Surgery volume 3(3) Breuer et al. (2020) (1); Marques & Captivo (2017) (1); Shehadeh & Padman (2022) (1)

Treatment 5(3) Birkhoff et al. (2021) (1); Di Sivo (2017) (1); Shehadeh & Padman (2022) (3)

Turnover 2(2) Marques & Captivo (2017) (1); Monnickendam & de Asmundis (2018) (1)
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Metric factor

Metric characteristic

Frequency References

Workforce 4 (2) Breuer et al. (2020) (1); Erhard et al. (2018) (3)
Alban et al. (2019) (1); Aringhieri et al. (2022) (18); Beaulieu & Bentahar (2021) (1);
Birkhoff et al. (2021) (1); Bottani et al. (2022) (10); Bretonnier et al. (2020) (1); Breuer
et al. (2020) (19); Chrouser et al. (2018) (1); Collins et al. (2017) (9); Di Sivo (2017) (4);
155 (22) Erhard et al. (2018) (7); Ferreira & Marques (2019) (1); Frasier et al. (2019) (1); Koppka
et al. (2018) (18); Lai et al. (2022) (1); Marques & Captivo (2017) (9); McMullan et al.
(2020) (1); Monnickendam & de Asmundis (2018) (20); Moons et al. (2019) (3); Seelen
et al. (2018) (3); Shehadeh & Padman (2022) (22); Wang et al. (2021) (4)
Shift OR time 2(2) Breuer et al. (2020) (1); Erhard et al. (2018) (1)
8(2) Breuer et al. (2020) (6); Erhard et al. (2018) (2)
Accuracy 3(3) Bilgic et al. (2020) (1); Chrouser et al. (2018) (1); McMullan et al. (2020) (1)
Alban et al. (2019) (2); Bath et al. (2019) (4); Belykh et al. (2018) (1); Bilgic et al. (2020)
(1); Bretonnier et al. (2020) (1); Breuer et al. (2020) (2); Chrouser et al. (2018) (6);
Skill 32 (18) Crocitto et al. (2021) (1); Gui et al. (2021) (2); Ibrahim et al. (2022) (1); Lai et al. (2022)
(1); Marques & Captivo (2017) (1); McMullan et al. (2020) (1); Mundt et al. (2020) (1);
Shortell et al. (2018) (1); Thomsen et al. (2017) (4); Turkelson & Keiser (2017) (1);
Zweifel (2021) (1)
Anxiety 3(2) Belykh et al. (2018) (2); Pattni et al. (2019) (1)
Nutrition 10 (2) Belykh et al. (2018) (9); Rodriguez et al. (2021) (1)
Staff (health) condition Psychological condition 2 (2) Belykh et al. (2018) (1); Chrouser et al. (2018) (1)
Sleep 11 (3) Bayramzadeh et al. (2021) (2); Belykh et al. (2018) (8); Lear et al. (2017) (1)
Adams et al. (2021) (1); Adams et al. (2022) (2); Bayramzadeh et al. (2021) (2); Belykh
23 (10) et al. (2018) (6); Bretonnier et al. (2020) (1); Chrouser et al. (2018) (5); Erhard et al.
(2018) (1); Leuridan (2020) (1); Nilsson et al. (2018) (3); Ukegjini et al. (2020) (1)
Physical work 3(3) Bayramzadeh et al. (2021) (1); Chrouser et al. (2018) (1); Lai et al. (2022) (1)
Staff performance Responsiveness 3(2) Chrouser et al. (2018) (1); Turkelson & Keiser (2017) (2)
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Metric factor

Metric characteristic

Frequency References

Adams et al. (2022) (2); Alban et al. (2019) (1); Aringhieri et al. (2022) (1); Auerbach et
al. (2018) (4); Bayramzadeh et al. (2021) (1); Belykh et al. (2018) (2); Childers &
Maggard-Gibbons (2018) (1); Chrouser et al. (2018) (3); Collins et al. (2017) (1);
Crocitto et al. (2021) (1); Di Sivo (2017) (1); Glaser et al. (2019) (1); Ibrahim et al. (2022)
(1); Kava et al. (2017) (1); Kubala et al. (2021) (1); Kuritzkes et al. (2019) (1); Lai et al.

43(30) (2022) (2); Lear et al. (2017) (2); Lichtenberg (2015) (1); MacNeil et al. (2019) (1);
McMullan et al. (2020) (1); Mundt et al. (2020) (1); Nicholson et al. (2020) (1); Nilsson
et al. (2018) (1); Pattni et al. (2019) (1); Saporito et al. (2021) (1); Shehadeh & Padman
(2022) (1); Thomsen et al. (2017) (3); Ukegjini et al. (2020) (2); Zingiryan et al. (2017)
(1)
Belykh et al. (2018) (1); Breuer et al. (2020) (4); Chrouser et al. (2018) (1); Erhard et al.
Staff satisfaction 14 (10) (2018) (1); lbrahim et al. (2022) (1); Koppka et al. (2018) (1); McMullan et al. (2020) (2);
Moons et al. (2019) (1); Mundt et al. (2020) (1); Nilsson et al. (2018) (1)
Cancellation 2(2) Aringhieri et al. (2022) (1); Wang et al. (2021) (1)
. Aringhieri et al. (2022) (1); Koppka et al. (2018) (1); Levin & Lee (2019) (1); Shehadeh &
Start time Delay >(5) Padman (2022) (1); Truong et al. (2021) (1)
3(3) Bottani et al. (2022) (1); Ferreira & Marques (2019) (1); Koppka et al. (2018) (1)
Bretonnier et al. (2020) (2); Chrouser et al. (2018) (9); lbrahim et al. (2022) (1); Nilsson
Stressors 180)  otal. (2018) (2); Ukegiini et al. (2020) (4)
Breuer et al. (2020) (2); Childers & Maggard-Gibbons (2018) (2); Collins et al. (2017)
. (1); Ferreira & Marques (2019) (1); Glaser et al. (2019) (3); Glennie et al. (2019) (2);
Surgery duration 23 (12) Koppka et al. (2018) (4); Kubala et al. (2021) (1); Monnickendam & de Asmundis (2018)
(3); Patel et al. (2022) (1); Saporito et al. (2021) (1); Wang et al. (2021) (2)
Accuracy 3(2) Pradere et al. (2022) (1); Zweifel (2021) (2)
Disturbance 2(2) Alban et al. (2019) (1); Gui et al. (2021) (1)
Equipment 6 (4) Alban et al. (2019) (1); Di Sivo (2017) (1); Lear et al. (2017) (1); Pradere et al. (2022) (3)
Surgery efficiency OR design 3(3) Alban et al. (2019) (1); Di Sivo (2017) (1); Kubala et al. (2021) (1)
OR utilisation 3(2) Erhard et al. (2018) (1); Seelen et al. (2018) (2)
Skill 2(2) Erhard et al. (2018) (1); Turkelson & Keiser (2017) (1)
Start time 2(2) Kubala et al. (2021) (1); Seelen et al. (2018) (1)
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Metric factor Metric characteristic

Frequency References

35(19)

Alban et al. (2019) (1); Aringhieri et al. (2022) (1); Belykh et al. (2018) (1); Birkhoff et al.
(2021) (1); Bottani et al. (2022) (3); Childers & Maggard-Gibbons (2018) (2); Chrouser
et al. (2018) (1); Cohen et al. (2021) (1); Collins et al. (2017) (1); Ferreira & Marques
(2019) (5); Kubala et al. (2021) (2); Levin & Lee (2019) (2); Marques & Captivo (2017)
(1); Moons et al. (2019) (5); Moreira et al. (2017) (3); Patel et al. (2022) (1); Rodriguez
et al. (2021) (2); Shehadeh & Padman (2022) (1); Sotto et al. (2021) (1)

OR utilisation

4(3)

Collins et al. (2017) (2); Erhard et al. (2018) (1); Ferreira & Marques (2019) (1)

Surgery efficiency

18 (6)

Alban et al. (2019) (10); Collins et al. (2017) (2); Ferreira & Marques (2019) (3);
Newsweek (2022) (1); Truong et al. (2021) (1); Volk (2017) (1)

Task

2 (2)

Glaser et al. (2019) (1); Sotto et al. (2021) (1)

Treatment

11 (4)

Briingger et al. (2021) (8); Ferreira & Marques (2019) (1); Hadaya et al. (2021) (1);
Wang et al. (2021) (1)

Turnover

4(4)

Erhard et al. (2018) (1); Kubala et al. (2021) (1); Monnickendam & de Asmundis (2018)
(1); Saporito et al. (2021) (1)

Surgery volume

91 (39)

Adams et al. (2021) (1); Adams et al. (2022) (4); Aringhieri et al. (2022) (3); Auerbach et
al. (2018) (3); Bath et al. (2019) (2); Bayramzadeh et al. (2021) (1); Beaulieu & Bentahar
(2021) (2); Belykh et al. (2018) (2); Bilgic et al. (2020) (2); Bottani et al. (2022) (2);
Breuer et al. (2020) (1); Briingger et al. (2021) (1); Collins et al. (2017) (1); Egeland et al.
(2017) (3); Emond et al. (2022) (1); Ferreira & Marques (2019) (8); Glaser et al. (2019)
(16); Glennie et al. (2019) (1); Hadaya et al. (2021) (3); Ibrahim et al. (2022) (5); Kleiner
(2019) (1); Koppka et al. (2018) (1); Kubala et al. (2021) (1); Lear et al. (2017) (2);
Marques & Captivo (2017) (3); McMullan et al. (2020) (2); Monnickendam & de
Asmundis (2018) (4); Moons et al. (2019) (1); Newsweek (2022) (1); Patel et al. (2022)
(1); Saporito et al. (2021) (3); Sateri et al. (2017) (1); Scali et al. (2020) (1); Seelen et al.
(2018) (1); Shehadeh & Padman (2022) (2); Sotto et al. (2021) (1); Thomsen et al.
(2017) (1); Turkelson & Keiser (2017) (1); Wang et al. (2021) (1)

Surgical performance

18 (14)

Adams et al. (2021) (2); Bath et al. (2019) (1); Bilgic et al. (2020) (1); Bretonnier et al.
(2020) (1); Breuer et al. (2020) (1); Brun et al. (2021) (2); Chrouser et al. (2018) (1);
Collins et al. (2017) (1); El Boghdady & Tang (2022) (3); Ferreira & Marques (2019) (1);
Glaser et al. (2019) (1); Hadaya et al. (2021) (1); Levin & Lee (2019) (1); Moons et al.
(2019) (1)
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Metric factor

Metric characteristic

Frequency References

Survival

Mortality

47 (24)

Adams et al. (2021) (2); Adams et al. (2022) (1); Cossio-Gil et al. (2022) (1); Aringhieri et
al. (2022) (1); Auerbach et al. (2018) (1); Bretonnier et al. (2020) (1); El Boghdady &
Tang (2022) (1); Emond et al. (2022) (3); Glaser et al. (2019) (2); Hadaya et al. (2021)
(1); Ibrahim et al. (2022) (3); Kleiner (2019) (2); Kuritzkes et al. (2019) (2); Lear et al.
(2017) (1); Newsweek (2022) (1); Nilsson et al. (2018) (1); Olmsted et al. (2022) (7);
Pattni et al. (2019) (1); Scali et al. (2020) (2); Sotto et al. (2021) (4); Truong et al. (2021)
(2); Ukegjini et al. (2020) (2); Volk (2017) (3); Zingiryan et al. (2017) (2)

12 (5)

Adams et al. (2022) (8); Auerbach et al. (2018) (1); Glaser et al. (2019) (1); Olmsted et
al. (2022) (1); Turkelson & Keiser (2017) (1)

Team structure

5(5)

Crocitto et al. (2021) (1); Frasier et al. (2019) (1); MacNeil et al. (2019) (1); Pattni et al.
(2019) (1); Volk (2017) (1)

Teamwork

44 (21)

Bretonnier et al. (2020) (2); Chrouser et al. (2018) (4); Collins et al. (2017) (2); Crocitto
et al. (2021) (1); Frasier et al. (2019) (1); Gui et al. (2021) (1); Ibrahim et al. (2022) (1);
Kubala et al. (2021) (1); Lear et al. (2017) (4); Leuridan (2020) (1); MacNeil et al. (2019)
(1); McMullan et al. (2020) (2); Mundt et al. (2020) (5); Nilsson et al. (2018) (3); Pattni
et al. (2019) (3); Rodriguez et al. (2021) (1); Sotto et al. (2021) (1); Truong et al. (2021)
(3); Turkelson & Keiser (2017) (1); Volk (2017) (5); Zingiryan et al. (2017) (1)

Technology

4(4)

Adams et al. (2022) (1); Brun et al. (2021) (1); Di Sivo (2017) (1); Moreira et al. (2017)
(2)

Treatment type

Bed utilisation

6 (4)

Ferreira & Marques (2019) (2); Moreira et al. (2017) (2); Patel et al. (2022) (1); Seelen
et al. (2018) (1)

Hospital capacity

5(4)

Birkhoff et al. (2021) (1); Ferreira & Marques (2019) (2); Kleiner (2019) (1); Rodriguez
et al. (2021) (1)

86 (38)

Adams et al. (2021) (2); Adams et al. (2022) (6); Alban et al. (2019) (1); Aringhieri et al.
(2022) (1); Auerbach et al. (2018) (6); Beaulieu & Bentahar (2021) (3); Bottani et al.
(2022) (2); Breuer et al. (2020) (1); Brun et al. (2021) (1); Briingger et al. (2021) (6);
Childers & Maggard-Gibbons (2018) (2); Chrouser et al. (2018) (1); Cossio-Gil et al.
(2022) (2); Crocitto et al. (2021) (3); Egeland et al. (2017) (1); Erhard et al. (2018) (1);
Ferreira & Marques (2019) (3); Glaser et al. (2019) (4); Glennie et al. (2019) (3); Ibrahim
et al. (2022) (1); Kleiner (2019) (2); Koppka et al. (2018) (1); Kuritzkes et al. (2019) (1);
Lai et al. (2022) (2); Lear et al. (2017) (2); Lichtenberg (2015) (1); MacNeil et al. (2019)
(2); Moons et al. (2019) (4); Moreira et al. (2017) (6); Mundt et al. (2020) (1);
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Metric factor

Metric characteristic

Frequency References

Newsweek (2022) (2); Olmsted et al. (2022) (5); Patel et al. (2022) (1); Pattni et al.
(2019) (1); Pradere et al. (2022) (1); Turkelson & Keiser (2017) (1); Wang et al. (2021)
(1); Zingiryan et al. (2017) (1)

Trust

6 (6)

Beaulieu & Bentahar (2021) (1); Chrouser et al. (2018) (1); MacNeil et al. (2019) (1);
McMullan et al. (2020) (1); Moons et al. (2019) (1); Rodriguez et al. (2021) (1)

Waiting list

18 (9)

Aringhieri et al. (2022) (2); Beaulieu & Bentahar (2021) (1); Bottani et al. (2022) (1);
Erhard et al. (2018) (1); Ferreira & Marques (2019) (7); Marques & Captivo (2017) (2);
Moreira et al. (2017) (1); Saporito et al. (2021) (1); Shehadeh & Padman (2022) (2)

Waste

17 (6)

Alban et al. (2019) (1); Beaulieu & Bentahar (2021) (1); Ferreira & Marques (2019) (1);
Pradere et al. (2022) (10); Rodriguez et al. (2021) (2); Shortell et al. (2018) (1)

Workforce

Physical work

8 (5)

Alban et al. (2019) (2); Belykh et al. (2018) (1); Breuer et al. (2020) (1); Ferreira &
Marques (2019) (3); Lai et al. (2022) (1)

48 (23)

Adams et al. (2021) (1); Adams et al. (2022) (5); Alban et al. (2019) (2); Bayramzadeh et
al. (2021) (1); Belykh et al. (2018) (1); Bottani et al. (2022) (4); Bretonnier et al. (2020)
(1); Breuer et al. (2020) (2); Chrouser et al. (2018) (4); Cohen et al. (2021) (1); Cossio-
Gil et al. (2022) (1); Crocitto et al. (2021) (4); Erhard et al. (2018) (4); Ferreira &
Marques (2019) (2); Glennie et al. (2019) (1); Koppka et al. (2018) (2); MacNeil et al.
(2019) (1); McMullan et al. (2020) (1); Mundt et al. (2020) (1); Olmsted et al. (2022) (2);
Patel et al. (2022) (3); Rodriguez et al. (2021) (1); Volk (2017) (2); Zweifel (2021) (1)

Workload

Behaviour

2(2)

Erhard et al. (2018) (1); McMullan et al. (2020) (1)

23 (14)

Alban et al. (2019) (2); Aringhieri et al. (2022) (5); Beaulieu & Bentahar (2021) (1); Bilgic
et al. (2020) (1); Birkhoff et al. (2021) (1); Bottani et al. (2022) (1); Bretonnier et al.
(2020) (2); Breuer et al. (2020) (1); Erhard et al. (2018) (3); Lear et al. (2017) (1); Moons
et al. (2019) (1); Nicholson et al. (2020) (1); Rodriguez et al. (2021) (1); Sotto et al.
(2021) (2)
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Appendix E The objective combination and its metric combination of the performance

optimisation of the OR

Table Appendix 5: The objective combination and its metric combination of the performance optimisation of the OR, including the objective and metric
characteristic, together with the corresponding number of studies and references. Between the brackets, the frequency of phrases within the articles
are stated. All the metrics that occurred only once (n=1) in all articles or only occurred in one article have been removed.

L N . Frequency
Objective ObJethe. . Metric factor Metric . . (# phrases  References (# phrases)
factor characteristic characteristic .
(# articles))
Bed utilisation 3(2) Aringhieri et al. (2022) (2); Ferreira & Marques (2019) (1)
. Marques & Captivo (2017) (4); Rodriguez et al. (2021) (2);
E 7
quity (3) Saporito et al. (2021) (1)
A Kubala et al. (2021) (1); Marques & Captivo (2017) (1);
R util
A ibili OR utilisation 303) Saporito et al. (2021) (1)
ceessibility Sureery volume 403) Ferreira & Marques (2019) (2); Moons et al. (2019) (1);
gery Saporito et al. (2021) (1)
Treatment type 2(2) Aringhieri et al. (2022) (1); Moreira et al. (2017) (1)
Waiting list 3(2) Ferreira & Marques (2019) (2); Marques & Captivo (2017) (1)
Workforce 2(2) Ferreira & Marques (2019) (1); Mundt et al. (2020) (1)
Accessibility 2(2) Bath et al. (2019) (1); Levin & Lee (2019) (1)
- Bretonnier et al. (2020) (1); Olmsted et al. (2022) (1); Sotto et
Morbidit 3(3
Care outcomes Y ) al. (2021) (1)
3(2) Bayramzadeh et al. (2021) (2); Glennie et al. (2019) (1)
— Bayramzadeh et al. (2021) (1); Levin & Lee (2019) (12);
Care Communication 403 Turkelson & Keiser (2017) (1)
outcomes Adams et al. (2021) (1); Adams et al. (2022) (1); Lear et al.

Complication

7 (6) (2017) (1); Monnickendam & de Asmundis (2018) (1); Sotto et
al. (2021) (2); Zingiryan et al. (2017) (1)

Discharge

Adams et al. (2021) (1); Adams et al. (2022) (3); Olmsted et al.

>3 (2022) (1)

Expertise

2(2) Adams et al. (2022) (1); Sotto et al. (2021) (1)
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Objective
factor

Objective
characteristic

. Metric
Metric factor

characteristic

Frequency
(# phrases
(# articles))

References (# phrases)

Monnickendam & de Asmundis (2018) (1); Shehadeh &

OR utilisation 2(2) Padman (2022) (1)
. Birkhoff et al. (2021) (1); Bayramzadeh et al. (2021) (2);
S;:ji::o(:ealth) 13 (6) Chrouser et al. (2018) (3); Olmsted et al. (2022) (1); Sotto et al.
(2021) (1); Turkelson & Keiser (2017) (5)
Patient 44) Adams et al. (2021) (1); Adams et al. (2022) (1); Moreira et al.
satisfaction (2017) (1); Olmsted et al. (2022) (1)
. Adams et al. (2021) (1); Crocitto et al. (2021) (1); Moreira et al.
policy 3 3) Adams et . (2021) () (2021) (1)
Readmission 2(2) Adams et al. (2022) (1); Kleiner (2019) (1)
Responsiveness 2(2) Auerbach et al. (2018) (1); Ibrahim et al. (2022) (1)
Safety 2(2) Lear et al. (2017) (1); Zingiryan et al. (2017) (1)
Schedule 8(2) Aringhieri et al. (2022) (7); Shehadeh & Padman (2022) (1)
Staff (health) )
condition 2(2) Adams et al. (2021) (1); Belykh et al. (2018) (1)
Staff Adams et al. (2022) (1); Auerbach et al. (2018) (1); Belykh et al.
5(5) (2018) (1); Shehadeh & Padman (2022) (1); Thomsen et al.
performance (2017) (1):
Surgery . .
efficiency 2(2) Chrouser et al. (2018) (1); Levin & Lee (2019) (1)
Adams et al. (2021) (1); Bath et al. (2019) (1); Glaser et al.
Surgery volume 9(8) (2019) (2); Ibrahim et al. (2022) (1); Kleiner (2019) (1); Mundt
et al. (2020) (1); Sateri et al. (2017) (1); Scali et al. (2020) (1)
Surgical 2(2) Adams et al. (2021) (1); Bath et al. (2019) (1)
performance
Adams et al. (2021) (1); Auerbach et al. (2018) (1); Kleiner
Survival Mortality 11 (6) (2019) (1); Olmsted et al. (2022) (6); Scali et al. (2020) (1);

Sotto et al. (2021) (1)
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Frequency

Objective Objectlve. . Metric factor Metric .. (# phrases  References (# phrases)
factor characteristic characteristic .
(# articles))
10 (4) Adams et al. (2022) (7); Auerbach et al. (2018) (1); Olmsted et
al. (2022) (1); Turkelson & Keiser (2017) (1)
Teamwork 2(2) Lear et al. (2017) (1); Volk (2017) (1)
Treatment type 2(2) Adams et al. (2022) (1); Kleiner (2019) (1)
Workforce 2(2) Adams et al. (2022) (1); Chrouser et al. (2018) (1)
Bed utilisation 2(2) Aringhieri et al. (2022) (1); Hadaya et al. (2021) (1)
Care outcomes 2(2) Auerbach et al. (2018) (1); Seelen et al. (2018) (1)
I Beaulieu & Bentahar (2021) (1); Glennie et al. (2019) (2);
Communication Transparency 4 (3) lbrahim et al. (2022) (1)
. Alban et al. (2019) (3); Egeland et al. (2017) (1); Gelb et al.
Complication 8 (5) (2018) (1); Kuritzkes et al. (2019) (1); Pattni et al. (2019) (2)
Workforce 3(2) flh)ﬂders & Maggard-Gibbons (2018) (2); Glennie et al. (2019)
Cost Alban et al. (2019) (1); Aringhieri et al. (2022) (1); Childers &
11 (6) Maggard-Gibbons (2018) (1); Glennie et al. (2019) (2);
Monnickendam & de Asmundis (2018) (2); Patel et al. (2022)
. (4)
F
inance Briingger et al. (2021) (1); Ferreira & Marques (2019) (1);
Equipment type 6 (5) MacNeil et al. (2019) (1); Monnickendam & de Asmundis
(2018) (1); Patel et al. (2022) (2)
Inventory 2(2) Koppka et al. (2018) (1); Moons et al. (2019) (1)
Beaulieu & Bentahar (2021) (1); Glennie et al. (2019) (1); Levin
Investment 3(3) & Lee (2019) (1)
Briingger et al. (2021) (1); Gui et al. (2021) (1); Saporito et al.
Length of stay 3(3) (2021) (1)
OR time OR over time 2(2) Koppka et al. (2018) (1); Shehadeh & Padman (2022) (1)
Aringhieri et al. (2022) (1); Breuer et al. (2020) (2); Erhard et
OR utilisation 15 (9) al. (2018) (1); Koppka et al. (2018) (1); Monnickendam & de

Asmundis (2018) (2); Patel et al. (2022) (3); Saporito et al.
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factor

Objective
characteristic

Metric factor

Metric
characteristic

Frequency
(# phrases
(# articles))

References (# phrases)

(2021) (3); Seelen et al. (2018) (1); Shehadeh & Padman (2022)
(1)

Policy

3(2)

Briingger et al. (2021) (1); Patel et al. (2022) (2)

Profit

5(5)

Childers & Maggard-Gibbons (2018) (1); Crocitto et al. (2021)
(1); Egeland et al. (2017) (1); Glennie et al. (2019) (1); Saporito
et al. (2021) (1)

Readmission

3(2)

Glennie et al. (2019) (2); Moreira et al. (2017) (1)

Revenue

5(5)

Alban et al. (2019) (1); Aringhieri et al. (2022) (1); Egeland et
al. (2017) (1); Koppka et al. (2018) (1); Marques & Captivo
(2017) (1)

Savings

19 (12)

Alban et al. (2019) (2); Auerbach et al. (2018) (1); Crocitto et
al. (2021) (1); Egeland et al. (2017) (3); Ferreira & Marques
(2019) (1); Glennie et al. (2019) (3); Hadaya et al. (2021) (1);
Kleiner (2019) (1); Marques & Captivo (2017) (1); Moons et al.
(2019) (1);Moreira et al. (2017) (1); Patel et al. (2022) (3)

Schedule

OR time

2(2)

Monnickendam & de Asmundis (2018) (1); Saporito et al.
(2021) (1)

5(5)

Alban et al. (2019) (1); Ferreira & Marques (2019) (1);
Monnickendam & de Asmundis (2018) (1); Moons et al. (2019)
(1); Shehadeh & Padman (2022) (1)

Staff
performance

3(3)

Auerbach et al. (2018) (1); Childers & Maggard-Gibbons (2018)
(1); Saporito et al. (2021) (1)

Surgery
duration

9 (6)

Breuer et al. (2020) (2); Childers & Maggard-Gibbons (2018)
(2); Collins et al. (2017) (1); Glennie et al. (2019) (2);
Monnickendam & de Asmundis (2018) (1); Saporito et al.
(2021) (1)

Surgery volume

16 (12)

Aringhieri et al. (2022) (2); Bottani et al. (2022) (1); Breuer et
al. (2020) (1); Briingger et al. (2021) (1); Egeland et al. (2017)
(3); Ferreira & Marques (2019) (1); Glaser et al. (2019) (1);
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Frequency

Objective Objectlve. . Metric factor Metric .. (# phrases  References (# phrases)
factor characteristic characteristic .
(# articles))
Glennie et al. (2019) (1); Hadaya et al. (2021) (2); Ibrahim et al.
(2022) (1); Monnickendam & de Asmundis (2018) (1); Saporito
et al. (2021) (2)
Bed utilisation 2 (2) Patel et al. (2022) (1); Seelen et al. (2018) (1)
Alban et al. (2019) (1); Auerbach et al. (2018) (3); Beaulieu &
Bentahar (2021) (1); Bottani et al. (2022) (2); Briingger et al.
Treatment type (2021) (4); Childers & Maggard-Gibbons (2918) (2); Crocitto et
25 (14) al. (2021) (3); Erhard et al. (2018) (1); Ferreira & Marques
(2019) (1); Glaser et al. (2019) (2); Glennie et al. (2019) (2); Lai
et al. (2022) (1); Moons et al. (2019) (1); Moreira et al. (2017)
(1)

e 1 Aringhieri et al. (2022) (1); Saporito et al. (2021) (1); Shehadeh
Waiting list 3(3) & Pagdman (2022() (1) )(1); Sap ( ) (1)
Workforce 4(2) Glennie et al. (2019) (1); Patel et al. (2022) (3)

OR utilisation 5(2) Breuer et al. (2020) (3); Koppka et al. (2018) (2)
. Koppka et al. (2018) (2); Monnickendam & de Asmundis (2018
Cancellation 4 (3) (1)?Fs)hehadeh(& PaZiin;n (2022) (1) 2018
Communication 2 (2) Moons et al. (2019) (1); Seelen et al. (2018) (1)
Delay 2(2) Seelen et al. (2018) (1); Shehadeh & Padman (2022) (1)
Distribution 2(2) Moons et al. (2019) (1); Shehadeh & Padman (2022) (1)
equipment
Management Schedule Birkhoff et al. (2021) (1); Breuer et al. (2020) (1);
OR block 6 (5) Monnickendam & de Asmundis (2018) (2); Seelen et al. (2018)
(1); Shehadeh & Padman (2022) (1)
OR design 2(2) Di Sivo (2017) (1); Erhard et al. (2018) (1)
e Breuer et al. (2020) (3); Di Sivo (2017) (1); Erhard et al. (2018
OR utilisation 6(4) (2); Monnick((endarr)1 (&)de Asmu£1dis (2)(§1)8) (2) ( )
Staff 8(12) Breuer et al. (2020) (3); Erhard et al. (2018) (5)

satisfaction
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Frequency

Objective Objectlve. . Metric factor Metric .. (# phrases  References (# phrases)
factor characteristic characteristic .
(# articles))
Workforce 3(2) Breuer et al. (2020) (1); Erhard et al. (2018) (2)
Beaulieu & Bentahar (2021) (1); Breuer et al. (2020) (11); Di
Sivo (2017) (4); Erhard et al. (2018) (5); Koppka et al. (2018)
54 (10) (13); Marques & Captivo (2017) (1); Monnickendam & de
Asmundis (2018) (5); Moons et al. (2019) (1); Seelen et al.
(2018) (2); Shehadeh & Padman (2022) (11)
Treatment type 4(2) Lai et al. (2022) (1); Moreira et al. (2017) (3)
Bed utilisation 2(2) Koppka et al. (2018) (1); Shehadeh & Padman (2022) (1)
Patient flow OR utilisation 4(2) Erhard et al. (2018) (3); Koppka et al. (2018) (1)
Schedule 3(2) Bottani et al. (2022) (1); Shehadeh & Padman (2022) (2)
Adequacy Treatment type 2(2) Adams et al. (2021) (1); Auerbach et al. (2018) (1)
Care outcomes  Technology 2(2) Adams et al. (2022) (1); Di Sivo (2017) (1)
g‘e‘ffgrmance 2(2) Glaser et al. (2019) (1); Rodriguez et al. (2021) (1)
Authority 4(2) Crocitto et al. (2021) (3); Hadaya et al. (2021) (1)
Morbidity 3(3) ,:‘I(.:I?erésztza'; ?ll.)(2021) (2); Bretonnier et al. (2020) (1); Ibrahim et
Care outcomes Adams et al. (2021) (2); Ferreira & Marques (2019) (3); Glaser
) et al. (2019) (2); Hadaya et al. (2021) (1); Ibrahim et al. (2022)
Quality of care 14(9) (1); Lear et al. (2017) (2); Moreira et al. (2017) (1); Newsweek
(2022) (1); Rodriguez et al. (2021) (1)
Communication 3(3) (Czhor;);)S((elr)et al. (2018) (1); Ibrahim et al. (2022) (1); Kava et al.
Complication 5(2) Glaser et al. (2019) (4); Kuritzkes et al. (2019) (1)
Cost 3(2) Erhard et al. (2018) (2); Ferreira & Marques (2019) (1)
Diagnose 2(2) Lichtenberg (2015) (1); Olmsted et al. (2022) (1)
Discharge 3(2) Ferreira & Marques (2019) (2); Hadaya et al. (2021) (1)
Disturbance 3(2) Gui et al. (2021) (2); Ukegjini et al. (2020) (1)
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Metric factor

Metric
characteristic

Frequency
(# phrases
(# articles))

References (# phrases)

Education

3(2)

Glaser et al. (2019) (2); Truong et al. (2021) (1)

Adams et al. (2021) (1); Bottani et al. (2022) (1); Collins et al.

Equipment type 7(7) (2017) (1); Crocitto et al. (2021) (1); Di Sivo (2017) (1); Hadaya
et al. (2021) (1); Seelen et al. (2018) (1)
Adams et al. (2021) (1); Adams et al. (2022) (1); Crocitto et al.
Expertise 9 (6) (2021) (1); Hadaya et al. (2021) (1); Olmsted et al. (2022) (4);
Turkelson & Keiser (2017) (1)
Length of stay 3(3) (Gzlgzezg ?I)al. (2019) (1); Koppka et al. (2018) (1); Olmsted et al.
OR design 3(2) Lai et al. (2022) (1); Seelen et al. (2018) (2)
Patient (health) 5(3) Ferreira & Marques (2019) (2); Freundlich et al. (2020) (2);
condition Glaser et al. (2019) (1)
Patient flow 2(2) Bottani et al. (2022) (1); Kubala et al. (2021) (1)
Adams et al. (2022) (2); Alban et al. (2019) (1); Bottani et al.
Patient (2022) (1); Brun et al. (2021) (1); Ferreira & Marques (2019)
satisfaction 15 (10) (1); Freundlich et al. (2020) (2); Kubala et al. (2021) (1);
Moreira et al. (2017) (1); Newsweek (2022) (2); Olmsted et al.
(2022) (3)
Pharmaceuticals 3(2) Lichtenberg (2015) (2); Olmsted et al. (2022) (1)
Auerbach et al. (2018) (1); Ferreira & Marques (2019) (1);
Policy 5(5) Glaser et al. (2019) (1); Hadaya et al. (2021) (1); Saporito et al.
(2021) (1)

_ Adams et al. (2021) (1); Hadaya et al. (2021) (2); Kleiner (2019
Readmission >(4) (1); KoppkaeiaL(;élé)(l) ! o)) 12099
Responsiveness 3(2) Ibrahim et al. (2022) (2); Truong et al. (2021) (1)

Ferreira & Marques (2019) (1); Kleiner (2019) (1); Truong et al.
Safety 44 (2021)(1);VOH?(201g)(1))( ) o °
Schedule 3(3) Bottani et al. (2022) (1); Lai et al. (2022) (1); Moons et al.

(2019) (1)
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Frequency

Objective Objectlve. . Metric factor Metric .. (# phrases  References (# phrases)
factor characteristic characteristic .
(# articles))
Staff 5(5) Crocitto et al. (2021) (1); Glaser et al. (2019) (1); Ibrahim et al.
performance (2022) (1); Kubala et al. (2021) (1); Lichtenberg (2015) (1)
lejrriiirgn 2(2) Ferreira & Marques (2019) (1); Glaser et al. (2019) (1)
Surgery Bottani et al. (2022) (1); Cohen et al. (2021) (1); .CoIIins et al.
efficiency 9(7) (2017) (1); Ferreira & Marques (2019) (1); Moreira et al. (2017)
(2); Patel et al. (2022) (1); Rodriguez et al. (2021) (1)
Adams et al. (2022) (1); Ferreira & Marques (2019) (4); Glaser
Surgery volume 18 (5) et al. (2019) (11); Hadaya et al. (2021) (1); Seelen et al. (2018)
(1)
Surgical Adams et al. (2021) (1); Bilgic et al. (2020) (1); Bretonnier et al.
8(7) (2020) (1); Brun et al. (2021) (2); Chrouser et al. (2018) (1);
performance Glaser et al. (2019) (1); Hadaya et al. (2021) (1)
. . Adams et al. (2021) (1); Glaser et al. (2019) (1); Hadaya et al.
survival Mortality >0 (2021) (1); Ibiahim)e(t ;I. (2022) (1); C()Imstt)ed (gt al. (2(y)22) (1)
Teamwork 3(3) Mundt et al. (2020) (1); Truong et al. (2021) (1); Volk (2017) (1)
Adams et al. (2022) (1); Breuer et al. (2020) (1); Ferreira &
Marques (2019) (1); Glaser et al. (2019) (1); Ibrahim et al.
Treatment type 15(12) (2022) (1); Kleiner (2019) (1); Lear et al. (2017) (1); Lichtenberg
(2015) (1); Moons et al. (2019) (2); Moreira et al. (2017) (1);
Newsweek (2022) (2); Olmsted et al. (2022) (2)
e Beaulieu & Bentahar (2021) (1); Erhard et al. (2018) (1);
Waiting list 303) Ferreira & Marques (2019) (1)
Ferreira & Marques (2019) (1); Seelen et al. (2018) (1); Shortell
Waste 303) et al. (2018) (1)
Workload 3(2) Aringhieri et al. (2022) (1); Erhard et al. (2018) (2)
Technology Equipment type 3(2) Auerbach et al. (2018) (1); Scholte et al. (2021) (3)
Resources Equipment 3(3) Beaulieu & Bentahar (2021) (1); Bottani et al. (2022) (1);
utilisation Marques & Captivo (2017) (1)
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Frequency

Objective Objectlve. . Metric factor Metric .. (# phrases  References (# phrases)
factor characteristic characteristic .
(# articles))
Inventory 5(2) Beaulieu & Bentahar (2021) (4); Gelb et al. (2018) (1)
e Monnickendam & de Asmundis (2018) (1); Moons et al. (2019)
OR utilisation 33) (1); Seelen et al. (2018) (1)
Bottani et al. (2022) (1); Chrouser et al. (2018) (1); Collins et al.
Schedule 4 (3) (2017) (1)
Adams et al. (2022) (2); Breuer et al. (2020) (1); Chrouser et al.
Workforce 7 (6) (2018) (1); Cohen et al. (2021) (1); Cossio-Gil et al. (2022) (1);
Ferreira & Marques (2019) (1)
Accuracy 2(2) Chrouser et al. (2018) (1); El Boghdady & Tang (2022) (1)
Audit . .
performance 2(2) Kim et al. (2019) (1); Nicholson et al. (2020) (1)
. Ibrahim et al. (2022) (1); Pattni et al. (2019) (1); Sotto et al.
Authority 3(3) (2021) (1)
Behaviour 2(2) Alban et al. (2019) (1); Chrouser et al. (2018) (1)
Morbidity 5(5) Bretonnier et al. (2020) (1); Ibrahim et al. (2022) (1); Pattni et
Care outcomes al. (2019) (1); Sotto et al. (2021) (1); Truong et al. (2021) (1)
3(2) Alban et al. (2019) (1); Lear et al. (2017) (2)
Alban et al. (2019) (1); Chrouser et al. (2018) (1); Emond et al.
Safety L (2022) (1); Frasier et al. (2019) (2); Kava et al. (2017) (1);
Communication 10(8) Leuridan (2020) (1); Pattni et al. (2019) (2); Sotto et al. (2021)
(1)
Complexity 2(2) Chrouser et al. (2018) (1); Gelb et al. (2018) (1)
Alban et al. (2019) (2); Emond et al. (2022) (3); Kim et al.
o (2019) (1); Kuritzkes et al. (2019) (2); Scali et al. (2020) (2);
Complication 1709) Sotto et al. (2021) (1); Thomsen et al. (2017) (2); Truong et al.
(2021) (3); Turkelson & Keiser (2017) (1)
Chrouser et al. (2018) (2); Leuridan (2020) (1); Sotto et al.
Culture 4(3) (2021) (1)
Education 4(2) Bath et al. (2019) (1); Truong et al. (2021) (3)

128



Objective
factor

Objective
characteristic

Metric factor
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Frequency
(# phrases
(# articles))

References (# phrases)

Equipment type

2(2)

Beaulieu & Bentahar (2021) (1); Sotto et al. (2021) (1)

Kim et al. (2019) (1); Sotto et al. (2021) (1); Thomsen et al.

Expertise 3(3) (2017) (1)
Length of stay 2(2) Emond et al. (2022) (1); Nicholson et al. (2020) (1);
Operational 2(2) Ibrahim et al. (2022) (1); Lear et al. (2017) (1)
performance
OR time OR break 2(2) Belykh et al. (2018) (1); Bretonnier et al. (2020) (1)
Patient (health) 3(3) Chrouser et al. (2018) (1); lbrahim et al. (2022) (1); Turkelson
condition & Keiser (2017) (1)
Pharmaceuticals 3(3) Elm(c;rg)c;ce);c (all) (2022) (1); lbrahim et al. (2022) (1); Nicholson et
Policy 44) Emond et al. (20.22) (1); Leuridan (2020) (1); McMullan et al.
(2020) (1); Pattni et al. (2019) (1)
Responsiveness 5(2) Alban et al. (2019) (2); Truong et al. (2021) (3)
Alban et al. (2019) (1); Chrouser et al. (2018) (1); Kuritzkes et
Safety 6 (6) al. (2019) (1); Pattni et al. (2019) (1); Truong et al. (2021) (1);
Turkelson & Keiser (2017) (1)
Skill 4(3) Alban et al. (2019) (2); Bath et al. (2019) (1); Thomsen et al.
(2017) (1)
i;f;i(t?jslth) 3(2) Leuridan (2020) (1); Nilsson et al. (2018) (2)
Staff 3(3) Nicholson et al. (2020) (1); Nilsson et al. (2018) (1); Thomsen
performance et al. (2017) (1)
Emond et al. (2022) (1); Ibrahim et al. (2022) (1); Sotto et al.
Surgery volume 44 (2021) (1); Tu(rkelso)n( 8)L Keiser (2017) ((1) '
El Boghdady & Tang (2022) (1); Emond et al. (2022) (3);
Survival Mortality 11 (7) Ibrahim et al. (2022) (2); Nilsson et al. (2018) (1); Pattni et al.

(2019) (1); Sotto et al. (2021) (2); Truong et al. (2021) (1)
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Metric factor

Metric
characteristic

Frequency
(# phrases
(# articles))

References (# phrases)

Gui et al. (2021) (1); Lear et al. (2017) (1); Leuridan (2020) (1);

Teamwork 9(7) Nilsson et al. (2018) (2); Pattni et al. (2019) (2); Truong et al.
(2021) (1); Volk (2017) (1)
Treatment type 2(2) Chrouser et al. (2018) (1); Turkelson & Keiser (2017) (1)
Workload 2(2) Alban et al. (2019) (1); Bretonnier et al. (2020) (1)
Patllent . Communication 2(2) Cohen et al. (2021) (1); Kava et al. (2017) (1)
satisfaction

Patient Aringhieri et al. (2022) (1); Cohen et al. (2021) (2); Koppka et
satisfaction 8(7) al. (2018) (1); Kubala et al. (2021) (1); MacNeil et al. (2019) (1);

Satisfaction Marques & Captivo (2017) (1); Newsweek (2022) (1)
Staff
satisfaction 4(2) Breuer et al. (2020) (3); Moons et al. (2019) (1)

Bottani et al. (2022) (1); Chrouser et al. (2018) (1); MacNeil et

Workforce >(4) al. (2019) (1); Olmsted et al. (2022) (2)
Bed utilisation 2(2) Ferreira & Marques (2019) (1); Moons et al. (2019) (1)
Cost 3(2) Moreira et al. (2017) (1); Trosman et al. (2017) (2)
Equipment type 2(2) Adams et al. (2022) (1); Olmsted et al. (2022) (1)
Equipment 2(2) Bottani et al. (2022) (1); Newsweek (2022) (1);
utilisation
OR utilisation 2(2) Ferreira & Marques (2019) (1); Kubala et al. (2021) (1)

Service Patient flow 2(2) Kubala et al. (2021) (1); Moons et al. (2019) (1)
Patient 4(3) Moreira et al. (2017) (1); Newsweek (2022) (2); Trosman et al.
satisfaction (2017) (1)

OR block 402) Monnickendam & de Asmundis (2018) (3); Shehadeh &
Schedule Padman (2022) (1)
OR utilisation 3(2) Aringhieri et al. (2022) (1); Monnickendam & de Asmundis

(2018) (2)
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Objective Objectlve. . Metric factor Metric . (# phrases  References (# phrases)
factor characteristic characteristic .
(# articles))
Aringhieri et al. (2022) (3); Breuer et al. (2020) (8); Marques &
31(5) Captivo (2017) (4); Monnickendam & de Asmundis (2018) (14);
Wang et al. (2021) (2)
Surgery OR utilisation 2 (2) Erhard et al. (2018) (1); Seelen et al. (2018) (1)
efficiency
Surgery volume  OR utilisation 2(2) Erhard et al. (2018) (1); Ferreira & Marques (2019) (1)
Adams et al. (2022) (2); Beaulieu & Bentahar (2021) (1);
Treatment type >(4) Koppka et al. (2018) (1); MacNeil et al. (2019) (1)
Ergonomics 3(2) Belykh et al. (2018) (2); Di Sivo (2017) (1)
Expertise 2(2) Bilgic et al. (2020) (1); Ibrahim et al. (2022) (1)
Staff (health) 3(3) Adams et al. (2022) (1); Bayramzadeh et al. (2021) (1); Belykh
condition et al. (2018) (1)
Staff
ifacti 2(2) Belykh et al. (2018) (1); Breuer et al. (2020) (1)
Staff (health) satisfaction
condition Bretonnier et al. (2020) (2); Chrouser et al. (2018) (6); Ibrahim
Stressors 13 (5) et al. (2022) (1); Nilsson et al. (2018) (1); Ukegjini et al. (2020)
(3)
. Alban et al. (2019) (2); Belykh et al. (2018) (1); Ferreira &
Workforce Physical work 6 (3) Marques (2019) (3)
Bilgic et al. (2020) (1); Bretonnier et al. (2020) (1); Breuer et al.
Workload 3(3) (2020) (1)
. Cohen et al. (2021) (1); Thomsen et al. (2017) (2); Truong et al.
Education 6(4) (2021) (2); Volk (2017) (1)
Surgical Staff Expertise 4(3) Slel(yzkgzi'; 2.)(2018) (1); Chrouser et al. (2018) (1); Crocitto et
f f -
performance performance Belykh et al. (2018) (1); Bilgic et al. (2020) (1); Breuer et al.
Skill 8 (6) (2020) (1); Chrouser et al. (2018) (3); Crocitto et al. (2021) (1);

Thomsen et al. (2017) (1)

131



Objective
factor

Objective
characteristic

Metric

Metric factor __
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(# phrases
(# articles))

References (# phrases)

Psychological

Belykh et al. (2018) (1); Chrouser et al. (2018) (1); Crocitto et

Staff (health)  condition 2(3) al. (2021) (2)
condition 9(3) Belykh et al. (2018) (3); Bretonnier et al. (2020) (1); Chrouser
et al. (2018) (5)
Staff 6 (4) Alban et al. (2019) (1); Chrouser et al. (2018) (2); Di Sivo (2017)
performance (1); Ukegjini et al. (2020) (2)
Alban et al. (2019) (2); Belykh et al. (2018) (1); Bottani et al.
Workforce 6 (5) (2022) (1); Bretonnier et al. (2020) (1); McMullan et al. (2020)
(1)
Alban et al. (2019) (1); Beaulieu & Bentahar (2021) (1); Erhard
Workload 3(3) et al. (2018) (1)
Alban et al. (2019) (1); Belykh et al. (2018) (1); Bilgic et al.
Accuracy 8(7) (2020) (2); El Boghdady & Tang (2022) (1); Gui et al. (2021) (1);
Ibrahim et al. (2022) (1); Turkelson & Keiser (2017) (1)
Morbidity 2(2) Adams et al. (2022) (1); Ukegjini et al. (2020) (1)
Care outcomes 6 (5) Aringhieri et al. (2022) (1); Gui et al. (2021) (1); Ibrahim et al.
(2022) (1); Moons et al. (2019) (2); Shortell et al. (2018) (1)
Communication 5 (5) Cossio-Gil et al. (2022) (1); Levin & Lee (2019) (1); Cohen et al.
(2021) (1); Mundt et al. (2020) (1); Truong et al. (2021) (1)
Complication 3(3) g%algf(it)al. (2022) (1); Alban et al. (2019) (1); Zingiryan et al.
Cohen et al. (2021) (1); Cossio-Gil et al. (2022) (1); Shortell et
Culture 3(3) al. (2018) (1)
Disturbance 113) ?zrg;%;\r(\;e)r et al. (2020) (1); Gui et al. (2021) (5); Ukegjini et al.
Aringhieri et al. (2022) (1); Cohen et al. (2021) (1); Ferreira &
Equipment type 5(5) Marques (2019) (1); Moons et al. (2019) (1); Shortell et al.
(2018) (1)
Expertise 44) Bayramzadeh et al. (2021) (1); Lai et al. (2022) (1); Sotto et al.

(2021) (1); Turkelson & Keiser (2017) (1)
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Objective
factor

Objective
characteristic

Metric factor

Metric
characteristic

Frequency
(# phrases
(# articles))

References (# phrases)

OR design 5(2) Bayramzadeh et al. (2021) (4); Turkelson & Keiser (2017) (1)
OR time OR break 5(2) Belykh et al. (2018) (1); Bretonnier et al. (2020) (4)
Patient 4(3) Adams et al. (2022) (1); Bottani et al. (2022) (1); McMullan et
satisfaction al. (2020) (2)
Policy 3(3) :DZIOS]I_\;()) ((12)017) (1); Sotto et al. (2021) (1); Turkelson & Keiser
Responsiveness 44) Mtlmdt et al. (2020) (1),:.Shortell et al. (2018) (1); Turkelson &
Keiser (2017) (1); Ukegjini et al. (2020) (1)
Safety 2(2) Belykh et al. (2018) (1); McMullan et al. (2020) (1)
Bath et al. (2019) (3); Gui et al. (2021) (1); Lai et al. (2022) (1);
Skill 11(8) McMullan et al. (2020) (1); Mundt et al. (2020) (1); Shor.teII et
al. (2018) (1); Thomsen et al. (2017) (2); Turkelson & Keiser
(2017) (1)
Staff (health) 3(3) Belykh et al. (2018) (1); Nilsson et al. (2018) (1); Ukegjini et al.
condition (2020) (1)
Staff 3(3) Bayramzadeh et al. (2021) (1); Mundt et al. (2020) (1);
performance Zingiryan et al. (2017) (1)
Stressors 3(2) Chrouser et al. (2018) (2); Ukegjini et al. (2020) (1)
Equipment 5(3) glg;;)e(tz?l. (2019) (2); Lear et al. (2017) (1); Pradere et al.
Start time 2(2) Kubala et al. (2021) (1); Seelen et al. (2018) (1)
Surgery Alban et al. (2019) (1); Aringhieri et al. (2022) (1); Belykh et al.
efficiency (2018') (1); Birkhoff et al. (2021) (1); Bottani et al. (2022) (2?;
19 (12) Ferreira & Marques (2019) (2); !(ubala et al. (2021) (2); Levin &
Lee (2019) (1); Marques & Captivo (2017) (1); Moons et al.
(2019) (5); Shehadeh & Padman (2022) (1); Sotto et al. (2021)
(1)
Surger Alban et al. (2019) (8); Collins et al. (2017) (1); Ferreira &
Surgery volume effiiier\:cy 1003) Marques (2C()19) (i)( ) ( '
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Frequency

Objective Objectlve. . Metric factor Metric .. (# phrases  References (# phrases)
factor characteristic characteristic .
(# articles))
Adams et al. (2022) (1); Bayramzadeh et al. (2021) (1); Belykh
9(7) et al. (2018) (2); Collins et al. (2017) (1); Ibrahim et al. (2022)
(1); Marques & Captivo (2017) (1); Thomsen et al. (2017) (1)
Surgical )
performance 3(2) El Boghdady & Tang (2022) (2); Moons et al. (2019) (1)
Survival Mortality 3(3) acjams et al. (2022) (1); Ukegjini et al. (2020) (1); Volk (2017)
Chrouser et al. (2018) (1); Kubala et al. (2021) (1); Mundt et al.
Teamwork 7 (6) (2020) (2); Truong et al. (2021) (1); Turkelson & Keiser (2017)
(1); Volk (2017) (1)
Workforce 2(2) Bayramzadeh et al. (2021) (1); Bottani et al. (2022) (1)
Workload Care outcomes 2(2) MacNeil et al. (2019) (1); Newsweek (2022) (1)
Accuracy 2(2) Chrouser et al. (2018) (1); Volk (2017) (1)
. Chrouser et al. (2018) (1); Ibrahim et al. (2022) (1); Lear et al.
Authority 6 () (2017) (1); Pattni et al. (2019) (1); Volk (2017) (2)
. Chrouser et al. (2018) (2); lbrahim et al. (2022) (1); Leuridan
Behaviour >(4) (2020) (1); Truong et al. (2021) (1)
Morbidity 3(2) Truong et al. (2021) (1); Volk (2017) (2)
Care outcomes Ibrahim et al. (2022) (1); Lear et al. (2017) (1); McMullan et al.
3(3)
Team (2020) (1)
Belykh et al. (2018) (1); Chrouser et al. (2018) (1); Frasier et al.
L (2019) (3); Gui et al. (2021) (1); MacNeil et al. (2019) (1); Pattni
Communication 150) et al. (2019) (2); Sotto et al. (2021) (1); Truong et al. (2021) (1);
Volk (2017) (4)
MacNeil et al. (2019) (2); Mundt et al. (2020) (1); Pattni et al.
Culture 7 (6) (2019) (1); Truong et al. (2021) (1); Volk (2017) (1); Zingiryan et
al. (2017) (1)
Education 6 (4) Frasier et al. (2019) (1); Pattni et al. (2019) (1); Truong et al.

(2021) (2); Volk (2017) (2)
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Objective
factor

Objective
characteristic

Metric

Metric factor __
characteristic

Frequency
(# phrases
(# articles))

References (# phrases)

Chrouser et al. (2018) (1); Lear et al. (2017) (1); Truong et al.

Responsiveness 3(3) (2021) (1)
Staff 3(3) Chrouser et al. (2018) (1); McMullan et al. (2020) (1); Pattni et
performance al. (2019) (1)
Staff
satisfaction 3(2) McMullan et al. (2020) (2); Mundt et al. (2020) (1)
surgery 2(2) Truong et al. (2021) (1); Volk (2017) (1)
Surgery volume efficiency
gery 2(2) Kubala et al. (2021) (1); Monnickendam & de Asmundis (2018)
(1)
Survival Mortality 3(2) Truong et al. (2021) (1); Volk (2017) (2)
Crocitto et al. (2021) (1); Frasier et al. (2019) (1); MacNeil et al.
T
eam structure >(5) (2019) (1); Pattni et al. (2019) (1); Volk (2017) (1)
Bretonnier et al. (2020) (1); Chrouser et al. (2018) (3); Frasier
et al. (2019) (1); Ibrahim et al. (2022) (1); Lear et al. (2017) (1);
Teamwork 12 (11) MacNeil et al. (2019) (1); McMullan et al. (2020) (1); Mundt et
al. (2020) (1); Sotto et al. (2021) (1); Volk (2017) (1); Zingiryan
et al. (2017) (1)
Trust 2(2) MacNeil et al. (2019) (1); Chrouser et al. (2018) (1)
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Appendix F The metric combination and the metric’s unit of the performance optimisation of the
OR

Table Appendix 6: The metric combination and the units of the performance optimisation of the OR from the 84 selected articles, together with the
corresponding number of studies and references. Between the brackets, the frequency of phrases within the articles are stated. All the metrics that
occurred only once (n=1) in all articles or only occurred in one article has been removed.

Frequency
Metric factor Metric characteristic Unit (# phrases References (# phrases)
(# articles))
Accessibility Money (S; €) 2(2) Aringhieri et al. (2022) (1); Glennie et al. (2019) (1)
Length of stay Time: stay (days) 2(2) Ferreira & Marques (2019) (1); Seelen et al. (2018) (1)
Aringhieri et al. (2022) (1); Bottani et al. (2022) (1); Ferreira
Bed utilisation Beds (#) 6 (5) & Marques (2019) (2); Koppka et al. (2018) (1); Lear et al.
(2017) (1)
Money (S; €) 2(2) Aringhieri et al. (2022) (1); Hadaya et al. (2021) (1)
Morbidity Error (#) 4(2) Bretonnier et al. (2020) (3); Volk (2017) (1)
Care outcomes Money ($; €) 3(3) ,:‘qugig; (elt)al. (2018) (1); Moons et al. (2019) (1); Seelen et
Transparency Money ($; €) 4(3) Fbi:l:]lilriue%j_e?;g;];)r((12)021) (1); Glennie et al. (2019) (2);
Communication Bretonnier et al. (2020) (1); Chrouser et al. (2018) (1); Frasier
Error (#) 7 (6) et al. (2019) (2); Ibrahim et al. (2022) (1); Levin & Lee (2019)
(1); Pattni et al. (2019) (2)
Adams et al. (2021) (1); Alban et al. (2019) (2); Bilgic et al.
(2020) (1); Kim et al. (2019)) (1); Lear et al. (2017) (1); Levin
Error () 12 (10) & Lee (2019) (1); Moreira et al. (2017) (1); Pattni et al. (2019)
L (2); Truong et al. (2021) (1); Ukegjini et al. (2020) (1)
Complication Money ($; €) 8 (5) Alban et al. (2019) (2); Egeland et al. (2017) (1); Gelb et al.

(2018) (1); Kuritzkes et al. (2019) (3); Pattni et al. (2019) (1)

Time: OR time 3(3) Monnickendam & de Asmundis (2018) (1); Turkelson &
(hours) Keiser (2017) (1); Zingiryan et al. (2017) (1)
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Frequency

Metric factor Metric characteristic Unit (# phrases References (# phrases)
(# articles))
Workforce Money ($; €) 3(2) (Clh)llders & Maggard-Gibbons (2018) (2); Glennie et al. (2019)
Alban et al. (2019) (1); Aringhieri et al. (2022) (1); Briingger
Cost et al. (2021) (2); Childers & Maggard-Gibbons (2018) (1);
Money (S; €) 15 (9) Ferreira & Marques (2019) (1); Glennie et al. (2019) (2);
Monnickendam & de Asmundis (2018) (2); Moons et al.
(2019) (1); Patel et al. (2022) (4)
Distribution equipment Money ($; €) 302) flh)ﬂders & Maggard-Gibbons (2018) (1); Moons et al. (2019)
Disturbance Error (#) 4(2) Bretonnier et al. (2020) (1); Gui et al. (2021) (3)
Interruptions (#) 2(2) Bretonnier et al. (2020) (1); Gui et al. (2021) (1)
El Boghdady & Tang (2022) (1); Moons et al. (2019) (1); Sotto
Error (#) 3(3) et al. (2021) (1)
Auerbach et al. (2018) (1); Briingger et al. (2021) (1); Ferreira
Equipment type & Marques (2019) (1); Hadaya et al. (2021) (1); Lear et al.
Money (S; €) 10 (9) (2017) (1); MacNeil et al. (2019) (1); Monnickendam & de
Asmundis (2018) (1); Moons et al. (2019) (1); Patel et al.
(2022) (2)
Beaulieu & Bentahar (2021) (1); Kubala et al. (2021) (1); Lear
Equipment utilisation Usage (#) 8(5) et al. (2017) (4); Marques & Captivo (2017) (1); Moons et al.
(2019) (1)
. ) Monnickendam & de Asmundis (2018) (1); Shehadeh &
Idle time Money (S; €) 2(2) Padman (2022) (1)
) Beaulieu & Bentahar (2021) (1); Ferreira & Marques (2019)
Investment Money (5 €) 44) (1); Glennie et al. (2019) (1); Levin & Lee (2019) (1)
) Briingger et al. (2021) (1); Glennie et al. (2019) (1); Saporito
Length of stay Money (3; €) 3(3) etal. (2021) (1)
Time: stay (days) 2(2) Aringhieri et al. (2022) (1); Patel et al. (2022) (1)
Operational performance Money (S; €) 3(2) Glennie et al. (2019) (2); Moons et al. (2019) (1)
OR time OR overtime Money (S; €) 2(2) Koppka et al. (2018) (1); Shehadeh & Padman (2022) (1)
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Frequency

Metric factor Metric characteristic Unit (# phrases References (# phrases)
(# articles))
Time: OR time 5 (4) Erhard et al. (2018) (2); Koppka et al. (2018) (1); Shehadeh &
(hours) Padman (2022) (1); Wang et al. (2021) (1)
Aringhieri et al. (2022) (1); Breuer et al. (2020) (2); Childers
& Maggard-Gibbons (2018) (1); Erhard et al. (2018) (1);
) Glennie et al. (2019) (1); Koppka et al. (2018) (1);
Money (5; €) 16(11) Monnickendam & de Asmundis (2018) (2); Patel et al. (2022)
(3); Saporito et al. (2021) (2); Seelen et al. (2018) (1);
Shehadeh & Padman (2022) (1)
Patient (#) 3(2) Ferreira & Marques (2019) (2); Marques & Captivo (2017) (1)
Surgery (#) 3(2) Ferreira & Marques (2019) (2); Patel et al. (2022) (1)
. Bottani et al. (2022) (1); Ferreira & Marques (2019) (1);
Time: Delay (hours) 3 (3) Seelen et al, (2018) (1)
Time: Idle time Aringhieri et al. (2022) (1); Monnickendam & de Asmundis
2(2)
OR utilisation (hours) (2018) (1)
Time: OR opening 3(3) Collins et al. (2017) (1); Koppka et al. (2018) (1); Patel et al.
hours (hours) (2022) (1)
(T;]r:S;S?R overtime 5 (3 Aringhieri et al. (2022) (1); Koppka et al. (2018) (1)
Bottani et al. (2022) (2); Bretonnier et al. (2020) (1); Breuer
Time: OR time et al. (2020) (1); Ferreira & Marques (2019) (4); Koppka et al.
(hour:s) 17 (9) (2018) (2); Monnickendam & de Asmundis (2018) (2); Moons
et al. (2019) (1); Patel et al. (2022) (1); Saporito et al. (2021)
(3)
Bottani et al. (2022) (1); Monnickendam & de Asmundis
Usage (#) 4 (4) (2018) (1); Saporito et al. (2021) (1); Shehadeh & Padman
(2022) (1)
E)asts"?:s;ea'th‘ Blood 5 5) Glaser et al. (2019) (2); Sotto et al. (2021) (1)
Patient (health) condition Patient health: Blood 3(3) Bayramzadeh et al. (2021) (1); Freundlich et al. (2020) (1);

pressure (mmHg)

Turkelson & Keiser (2017) (1)

138



Metric factor

Metric characteristic

Unit

Frequency
(# phrases
(# articles))

References (# phrases)

Patient health: Heart

rate (bpm) 2(2) Bayramzadeh et al. (2021) (1); Turkelson & Keiser (2017) (1)
Money (; €) 3(2) Briingger et al. (2021) (1); Patel et al. (2022) (2)
Policy Time: OR time 3(3) Collins et al. (2017) (1); Saporito et al. (2021) (1); Sotto et al.
(hours) (2021) (1)
Childers & Maggard-Gibbons (2018) (1); Crocitto et al. (2021)
Profit Money (S; €) 7 (6) (1); Egeland et al. (2017) (1); Glennie et al. (2019) (1);
Moreira et al. (2017) (2); Saporito et al. (2021) (1)
Readmission Money (S; €) 3(2) Glennie et al. (2019) (2); Moreira et al. (2017) (1)
Responsiveness I;:jr's\)lvaltmg list 2(2) Moons et al. (2019) (1); Truong et al. (2021) (1)
Alban et al. (2019) (1); Aringhieri et al. (2022) (1); Egeland et
Revenue Money (S; €) 5(5) al. (2017) (1); Koppka et al. (2018) (1); Marques & Captivo
(2017) (1)
Chrouser et al. (2018) (1); Cohen et al. (2021) (1); Kuritzkes
Safety Error (#) >0 et al. (2019) (1); McMullan et al. (2020) (1); Volk (2017) (1)
Alban et al. (2019) (2); Auerbach et al. (2018) (1); Crocitto et
al. (2021) (1); Egeland et al. (2017) (2); Ferreira & Marques
Savings Money (S; €) 18 (12) (2019) (1); Glennie et al. (2019) (3); Hadaya et al. (2021) (1);
Kleiner (2019) (1); Marques & Captivo (2017) (1); Moons et
al. (2019) (1); Moreira et al. (2017) (1); Patel et al. (2022) (3)
Bed utilisation Beds (#) 4(2) Bottani et al. (2022) (1); Shehadeh & Padman (2022) (3)
Bottani et al. (2022) (1); Breuer et al. (2020) (2); Koppka et
Cancellation Cancellation (#) 7 (5) al. (2018) (2); Monnickendam & de Asmundis (2018) (1);
Schedule Sh.eha(jieh & Padman (2022) (1)
Length of stay Time: stay (days) 6 (3) gr:anagdhrf;]e(tz(a)lz.z()Z(()zz)Z) (3); Emond et al. (2022) (1); Shehadeh
OR time Money ($: €) 3(3) Aringhieri et al. (2022) (1); Monnickendam & de Asmundis

(2018) (1); Saporito et al. (2021) (1)
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Frequency

Metric factor Metric characteristic Unit (# phrases References (# phrases)
(# articles))
. Time: OR time Bottani et al. (2022) (2); Breuer et al. (2020) (3); Koppka et
OR utilisation (hours) 8(4) al. (2018) (2); Monnickendam & de Asmundis (2018) (1)
Start time Time: Delay (hours) 4 (2) Breuer et al. (2020) (3); Moons et al. (2019) (1)
Time: OR time Marques & Captivo (2017) (1); Monnickendam & de
Turnover (hours) 2(2) Asmundis (2018) (1)
Workforce Staff (#) 3(2) Breuer et al. (2020) (1); Erhard et al. (2018) (2)
Cancellation (#) 2(2) Koppka et al. (2018) (1); Shehadeh & Padman (2022) (1)
Emergency cases (#) 2 (2) :(;Oplpgl;a(f;c al. (2018) (1); Monnickendam & de Asmundis
Alban et al. (2019) (1); Ferreira & Marques (2019) (1);
Marques & Captivo (2017) (2); Monnickendam & de
Money (3; €) 12(6) Asmundis (2018) (5); Moons et al. (2019) (2); Shehadeh &
Padman (2022) (1)
ORs (#) 2(2) Di Sivo (2017) (1); Shehadeh & Padman (2022) (1)
Bottani et al. (2022) (1); Breuer et al. (2020) (5); Collins et al.
Patient (#) 9(5) (2017) (1); Koppka et al. (2018) (1); Monnickendam & de
Asmundis (2018) (1)
Staff (#) 3(2) Breuer et al. (2020) (2); Erhard et al. (2018) (1)
Di Sivo (2017) (1); Aringhieri et al. (2022) (2); Breuer et al.
Surgery (#) 9 (6) (2020) (2); Collins et al. (2017) (1); Koppka et al. (2018) (1);
Shehadeh & Padman (2022) (3)
Time: Idle time 703) Koppka et al. (2018) (1); Monnickendam & de Asmundis
(hours) (2018) (3); Shehadeh & Padman (2022) (3)
Birkhoff et al. (2021) (1); Bottani et al. (2022) (1); Collins et
. . al. (2017) (5); Erhard et al. (2018) (1); Koppka et al. (2018)
{;}:&:R block time 16 (9) (2); Marques & Captivo (2017) (1); Monnickendam & de
Asmundis (2018) (1); Seelen et al. (2018) (1); Shehadeh &
Padman (2022) (2)
Time: OR opening 5, Bottani et al. (2022) (1); Koppka et al. (2018) (2)

hours (hours)
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Metric factor

Metric characteristic

Unit

Frequency
(# phrases
(# articles))

References (# phrases)

Time: OR over time

Aringhieri et al. (2022) (1); Breuer et al. (2020) (5); Koppka et

(hours) 18 (5) al. (2018) (5); Monnickendam & de Asmundis (2018) (3);
Shehadeh & Padman (2022) (4)
Aringhieri et al. (2022) (2); Bottani et al. (2022) (2); Breuer et
. . al. (2020) (3); Di Sivo (2017) (1); Erhard et al. (2018) (1);
(Tr::fr's())R time 19 (9) Koppka et al. (2018) (2); Marques & Captivo (2017) (1);
Monnickendam & de Asmundis (2018) (4); Shehadeh &
Padman (2022) (2)
Time: Waitine list Beaulieu & Bentahar (2021) (1); Bottani et al. (2022) (1);
(da s.) & 6 (5) Breuer et al. (2020) (2); Koppka et al. (2018) (1); Shehadeh &
¥ Padman (2022) (1)
Transfers (#) 2(2) Aringhieri et al. (2022) (1); Erhard et al. (2018) (1)
e Marques & Captivo (2017) (2); Monnickendam & de
Waiting list (#) 40 Asmundis (2018) (1); Shehadeh & Padman (2022) (1)
Shift OR time Money (S; €) 2(2) Breuer et al. (2020) (1); Erhard et al. (2018) (1)
Working hours (#) 2(2) Breuer et al. (2020) (1); Erhard et al. (2018) (1)
Skill Error (#) 3(2) Bath et al. (2019) (2); Bretonnier et al. (2020) (1)
) Auerbach et al. (2018) (1); Childers & Maggard-Gibbons
Staff performance Money (S; €) 3(3) (2018) (1); Saporito et al. (2021) (1)
Staff satisfaction -(r;]r:j;:R over time 2(2) Breuer et al. (2020) (1); Koppka et al. (2018) (1)
Start time Cancellation Cancellation (#) 2(2) Aringhieri et al. (2022) (1); Wang et al. (2021) (1)
Childers & Maggard-Gibbons (2018) (2); Breuer et al. (2020)
) (2); Collins et al. (2017) (1); Glennie et al. (2019) (2);
Money (5 €) 11(6) Monnickendam & de Asmundis (2018) (3); Saporito et al.
Surgery duration (2021) (1)
. ) Ferreira & Marques (2019) (1); Glaser et al. (2019) (3);
(T;,r;fr's())R time 12 (6) Koppka et al. (2018) (4); Kubala et al. (2021) (1); Patel et al.
(2022) (1); Wang et al. (2021) (2)
Surgery efficiency Start time Time: Delay (hours) 2(2) Kubala et al. (2021) (1); Seelen et al. (2018) (1)
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Frequency

Metric factor Metric characteristic Unit (# phrases References (# phrases)
(# articles))
Time: OR time 44) Aringhieri et al. (2022) (1); Bottani et al. (2022) (1); Childers
(hours) & Maggard-Gibbons (2018) (1); Sotto et al. (2021) (1)
- Time: OR time Collins et al. (2017) (1); Ferreira & Marques (2019) (3);
Surgery efficiency 1 Jurs) 64 Newsweek (2022) (1); Volk (2017) (1)
Turnover Time: OR time 2(2) Kubala et al. (2021) (1); Monnickendam & de Asmundis
(hours) (2018) (1)
Aringhieri et al. (2022) (2); Beaulieu & Bentahar (2021) (1);
Bottani et al. (2022) (1); Breuer et al. (2020) (1); Briingger et
al. (2021) (1); Egeland et al. (2017) (3); Ferreira & Marques
Money (S; €) 17 (13) (2019) (2); Glennie et al. (2019) (1); Hadaya et al. (2021) (1);
Ibrahim et al. (2022) (1); Monnickendam & de Asmundis
(2018) (1); Saporito et al. (2021) (1); Shehadeh & Padman
Surgery volume (2022) (1)
Adams et al. (2022) (1); Auerbach et al. (2018) (1); Ferreira &
. Marques (2019) (1); Glaser et al. (2019) (1); Hadaya et al.
Patient (#) 209) (2021) (1); Ibrahim et al. (2022) (1); Kleiner (2019) (1);
Saporito et al. (2021) (1); Shehadeh & Padman (2022) (1
Adams et al. (2022) (2); Bath et al. (2019) (1); Ferreira &
Marques (2019) (3); lbrahim et al. (2022) (1); Marques &
Surgery (#) 10(7) Captivo (2017) (1); Newsweek (2022) (1); Saporito et al.
(2021) (1)
Time: OR time Aringhieri et al. (2022) (1); Belykh et al. (2018) (2); Qlaser et
(hours) 8(6) al. (2019) (1);.Marques & Captivo (2017) (1); Monnickendam
& de Asmundis (2018) (2); Patel et al. (2022) (1)
Bilgic et al. (2020) (1); Bretonnier et al. (2020) (1); Breuer et
Error (#) 9(6) al. (2020) (1); Brun et al. (2021) (2); Chrouser et al. (2018)
) (1); El Boghdady & Tang (2022) (3)
Surgical performance M 8. € 54 Levin & Lee (2019) (1); Collins et al. (2017) (1); Glaser et al.
oney (5; €) ) (2019) (1); Hadaya et al. (2021) (1)
Surgery (#) 2(2) Adams et al. (2021) (1); Bath et al. (2019) (1)
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Metric factor

Metric characteristic

Unit

Frequency
(# phrases
(# articles))

References (# phrases)

Survival

Mortality

Deaths (#)

44 (23)

Adams et al. (2021) (1); Adams et al. (2022) (2); Aringhieri et
al. (2022) (1); Auerbach et al. (2018) (1); Bretonnier et al.
(2020) (1); El Boghdady & Tang (2022) (1); Emond et al.
(2022) (2); Glaser et al. (2019) (2); Hadaya et al. (2021) (1);
Ibrahim et al. (2022) (3); Kleiner (2019) (2); Kuritzkes et al.
(2019) (2); Lear et al. (2017) (1); Newsweek (2022) (1);
Nilsson et al. (2018) (1); Olmsted et al. (2022) (7); Pattni et
al. (2019) (1); Scali et al. (2020) (2); Sotto et al. (2021) (4);
Truong et al. (2021) (2); Ukegjini et al. (2020) (2); Volk (2017)
(2); Zingiryan et al. (2017) (2)

Patient (#)

2(2)

Adams et al. (2022) (1); Olmsted et al. (2022) (1)

Treatment type

Bed utilisation

Beds (#)

4(2)

Ferreira & Marques (2019) (2); Moreira et al. (2017) (2)

Money ($; €)

2(2)

Patel et al. (2022) (1); Seelen et al. (2018) (1)

Money ($; €)

37 (18)

Alban et al. (2019) (1); Auerbach et al. (2018) (6); Beaulieu &
Bentahar (2021) (1); Bottani et al. (2022) (2); Briingger et al.
(2021) (4); Childers & Maggard-Gibbons (2018) (2); Cossio-
Gil et al. (2022) (1); Crocitto et al. (2021) (3); Egeland et al.
(2017) (1); Erhard et al. (2018) (1); Ferreira & Marques
(2019) (2); Glaser et al. (2019) (4); Glennie et al. (2019) (3);
Kleiner (2019) (1); Lai et al. (2022) (2); Lichtenberg (2015)
(1); Moons et al. (2019) (1); Moreira et al. (2017) (1)

Patient (#)

4(4)

Breuer et al. (2020) (1); Kleiner (2019) (1); Koppka et al.
(2018) (1); Pradere et al. (2022) (1)

Time: stay (days)

3(3)

Moreira et al. (2017) (1); Patel et al. (2022) (1); Zingiryan et
al. (2017) (1)

Waiting list

Money ($; €)

3(3)

Aringhieri et al. (2022) (1); Saporito et al. (2021) (1);
Shehadeh & Padman (2022) (1)

Workforce

Money ($; €)

6 (4)

Erhard et al. (2018) (1); Ferreira & Marques (2019) (1);
Glennie et al. (2019) (1); Patel et al. (2022) (2)

Staff (# Nurses)

2(2)

Adams et al. (2021) (1); Adams et al. (2022) (1)
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Frequency
Metric factor Metric characteristic Unit (# phrases References (# phrases)
(# articles))

Alban et al. (2019) (1); Bottani et al. (2022) (1); Ferreira &

Staff (#) 44) Marques (2019) (1); Koppka et al. (2018) (1)

Time: Idle time

(hours) 2(2) Koppka et al. (2018) (1); Zweifel (2021) (1)
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Appendix G

The metric relations of “optimisation of the OR”

Table Appendix 7: The relations between metrics related to the performance optimisation of the OR, together with the corresponding number of
studies and references, including the intermediate links. Between the brackets, the frequency of phrases within the articles are stated. All the metrics
that occurred only once (n=1) in all articles or only occurred in one article have been removed.

Frequency
Cause-metric Result-metric (# phrases (# References?
articles))*
. Bovim et al. (2020); Jebali & Diabat (2017); Kheiri et al. (2021); Liu et al.
Cancellation 26 (6) (2019); M’Hallah & Visintin (2019); Schiele et al. (2021)
Bam et al. (2017); Bovim et al. (2020); Britt et al. (2021); Fairley et al.
Cost 66 (9) (2019); Kheiri et al. (2021); Liu et al. (2019); Schiele et al. (2021);
Vancroonenburg et al. (2019); Zhang et al. (2021)
. Abedini et al. (2017); Bovim et al. (2020); Fairley et al. (2019); Kheiri et al.
Patient flow 45 (6) (2021); Liu et al. (2019); Schiele et al. (2021)
Bed utilisation Patient satisfaction 7(2) Schiele et al. (2021); Vancroonenburg et al. (2019)
Policy 7(2) Jebali & Diabat (2017); Liu et al. (2019)
Schedule 12 (2) Liu et al. (2019); M’Hallah & Visintin (2019)
Start time 12 (3) Fairley et al. (2019); Liu et al. (2019); Schiele et al. (2021)
Surgery duration 5(2) Bam et al. (2017); Bovim et al. (2020)
Surgery volume 12 (3) Liu et al. (2019); M’Hallah & Visintin (2019); Schiele et al. (2021)
Surgical performance 7(2) Burdett & Kozan (2018); Liu et al. (2019)
Waiting list 11 (3) Britt et al. (2021); Kheiri et al. (2021); Vancroonenburg et al. (2019)
Bovim et al. (2020); Jebali & Diabat (2017); Kheiri et al. (2021); M’Hallah
Length of stay 11 (4) & Visintin (2019)
OR block 25(3) Breuer et al. (2020); Erekat et al. (2020); M’Hallah & Visintin (2019)
Cancellation Bovim et al. (2020); Coffey et al. (2018); Erekat et al. (2020); Jebali &
Patient flow 16 (7) Diabat (2017); Kheiri et al. (2021); Koppka et al. (2018); M’Hallah &
Visintin (2019)
Start time 19 (3) Bovim et al. (2020); Erekat et al. (2020); Jebali & Diabat (2017)
Care outcomes Treatment type 2(2) McKevitt et al. (2019); Popat et al. (2018)
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Frequency

Cause-metric Result-metric (# phrases (# References?
articles))*
Profit 29 (6) Cichos et al. (2019); Fairley.et al. (2019).; Gunna et al. (2017); Liu et al.
Cost (2019); Roshanaei & Naderi (2021); Schiele et al. (2021)
Revenue 47 (2) Cichos et al. (2019); Coffey et al. (2018)
Waste 7(2) Dyas et al. (2018); Farrelly et al. (2017)
Culture Safety 24 (2) Boet et al. (2021); Wakeman & Langham (2018)
Britt et al. (2021); Dyas et al. (2018); Farrelly et al. (2017); Fraifeld et al.
Cost 21 (8) (2021); Marchand (2020); Rath et al. (2017); Xiao & Yoogalingam (2021);
Yoon et al. (2019)
. — Bovim et al. (2020); Burdett & Kozan (2018); Huynh et al. (2019);
Equipment utilisation 25 () Marchand (2020); Naderi et al. (2021)
OR utilisation 7 (4) (thzr;goz;c al. (2019); Dyas et al. (2018); Liu et al. (2019); Roshanaei et al.
Distribution equipment Schedule 16 (2) Breuer et al. (2020); Sagnol (2018)
Shift 6 (4) Britt et al. (2021); Fu et al. (2021); Marchand (2020); Naderi et al. (2021)
Staff satisfaction 5(2) Breuer et al. (2020); Britt et al. (2021)
Surgery duration 10 (2) Britt et al. (2021); Liu et al. (2019)
Surgery efficiency 7(2) Deng et al. (2019); Dyas et al. (2018)
Surgery volume 7(2) Burdett & Kozan (2018); Naderi et al. (2021)
Workload 6(2) Breuer et al. (2020); Coffey et al. (2018)
Ahmadi et al. (2019); Chasseigne et al. (2020); Cichos et al. (2019); Crosby
Cost 43 (9) et al. (2020); Dyas et al. (2018); Farrelly et al. (2017); Fu et al. (2021);
Marchand (2020); Yoon et al. (2019)
Equipment utilisation 31 (4) (C;(:)P;c; et al. (2019); Dyas et al. (2018); Marchand (2020); Yoon et al.
Equipment type Inventory 12 (3) Cichos et al. (2019); Dyas et al. (2018); Fu et al. (2021)
Cichos et al. (2019); Crosby et al. (2020); Dyas et al. (2018); Farrelly et al.
Safety 29(5) (2017); Fu et al. (2021)
Staff (health) condition 14 (3) Crosby et al. (2020); Dyas et al. (2018); Farrelly et al. (2017)
Start time 7(2) Cichos et al. (2019); Dyas et al. (2018)
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Frequency

Cause-metric Result-metric (# phrases (# References?
articles))*
. Cichos et al. (2019); Crosby et al. (2020); Dyas et al. (2018); Farrelly et al.
Surgery duration 32(7) (2017); Fu et al. (2021); Marchand (2020); Yoon et al. (2019)
Surgery efficiency 12 (3) Dyas et al. (2018); Fu et al. (2021); Marchand (2020)
Surgical performance 14 (3) Cichos et al. (2019); Crosby et al. (2020); Yoon et al. (2019)
Waste 25 (4) Dyas et al. (2018); Fu et al. (2021); Marchand (2020); Yoon et al. (2019)
Workforce 7(2) Crosby et al. (2020); Farrelly et al. (2017)
Workload 17 (4) Cichos et al. (2019); Crosby et al. (2020); Dyas et al. (2018); Farrelly et al.
(2017)
Bam et al. (2017); Bargetto et al. (2019); Boet et al. (2021); Chasseigne et
Cost 59 (12) al. (2020); Crosby et al. (2020); Dyas et al. (2018); Fu et al. (2021);
Gormley et al. (2017); Huynh et al. (2019); Marchand (2020); Naderi et al.
Equipment utilisation (2021); Rath et al. (2017)
Inventory 30(2) Boet et al. (2021); Huynh et al. (2019)
Safety 12 (2) Gormley et al. (2017); Wakeman & Langham (2018)
Surgery duration 22 (3) Broe et al. (2021); Dyas et al. (2018); Rath et al. (2017)
Waste 8(2) Ahmadi et al. (2019); Gormley et al. (2017)
Cost 23 (5) Bam et a!. (2017); Jung et al. (2019); Liu et al. (2019); Makboul et al.
Idle time (2022); Xiao & Yoogalingam (2021)
Staff satisfaction 16 (3) Bender et al. (2015); Koppka et al. (2018); Kroer et al. (2018)
Workload 21 (2) McKevitt et al. (2019); Rath et al. (2017)
Cost 21(5) Ahmadi et al. (2019); Dyas et al. (2018); Farrelly et al. (2017); Marchand
(2020); Popat et al. (2018)
Distribution equipment 17 (2) Marchand (2020); Rath et al. (2017)
Equipment utilisation 15 (3) Burdett & Kozan (2018); Huynh et al. (2019); Marchand (2020)
OR utilisation 12 (2) Breuer et al. (2020); Chasseigne et al. (2020)
Inventory - .
Start time 28 (6) Ahmadi et al. (2019); Chasseigne et al. (2020); Dyas et al. (2018); Huynh
et al. (2019); Kroer et al. (2018); Yoon et al. (2019)
Surgery efficiency 6(2) Breuer et al. (2020); Dyas et al. (2018)
Surgical performance 11 (2) Burdett & Kozan (2018); Popat et al. (2018)
Waste 6 (2) Ahmadi et al. (2019); Dyas et al. (2018)
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Frequency

Cause-metric Result-metric (# phrases (# References?
articles))*
Workload 6 (2) Ahmadi et al. (2019); Huynh et al. (2019)
Cost 7(2) Kheiri et al. (2021); Naderi et al. (2021)
Length of stay : . . S —
Patient flow 24 (3) Fairley et al. (2019); Liu et al. (2019); M’Hallah & Visintin (2019)
Operational Cost 12 (2) Coffey et al. (2018); Fairley et al. (2019)
performance
Bed utilisation 16 (2) Bam et al. (2017); Bovim et al. (2020)
dle time 7 (4) Bam et. al. (2017); Naderi et al. (2021); Schiele et al. (2021); Xiao &
Yoogalingam (2021)
Operational 6 (3) Breuer et al. (2020); Burdett & Kozan (2018); Jung et al. (2019)
performance
OR time 23 (4) Erekat et al. (2020); Rath et al. (2017); Sagnol (2018); Xiao & Yoogalingam
(2021)
OR block OR utilisation 14 (4) Erekat et al. (2020); Rath et al. (2017); Xiao & Yoogalingam (2021); Zhang
et al. (2021)
Patient flow 16 (4) Abedini et al. (2017); Britt et al. (2021); Gunna et al. (2017); Roshanaei et
al. (2020a)
Schedule 31(2) Kheiri et al. (2021); Sagnol (2018)
Staff satisfaction 6(2) Bam et al. (2017); Breuer et al. (2020)
Start time 7(2) Rath et al. (2017); Schiele et al. (2021)
Waiting list 36 (2) Erekat et al. (2020); Zhang et al. (2021)
Cost 29 (6) Deng et al. (2019); Kroer et al. (2018); Rath et al. (2017); Roshanaei &
Naderi (2021); Sagnol (2018); Zhang et al. (2021)
OR opening hours OR time 2(2) Koppka et al. (2018); Rath et al. (2017)
OR utilisation 46 (4) Britt et al. (2021); Koppka et al. (2018); Kroer et al. (2018); Sagnol (2018)
Surgery duration 8(2) Britt et al. (2021); Sagnol (2018)
Abedini et al. (2017); Bam et al. (2017); Bargetto et al. (2019); Bovim et
al. (2020); Debats et al. (2021); Deng et al. (2019); Eun et al. (2019);
OR time Cost 95 (16) Fairley et al. (2019); Jung et al. (2019); Koppka et al. (2018); Liu et al.

(2019); Makboul et al. (2022); Rath et al. (2017); Roshanaei & Naderi
(2021); Sagnol (2018); Vancroonenburg et al. (2019)
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Frequency

Cause-metric Result-metric (# phrases (# References?
articles))*
OR utilisation 34 (3) Jung et al. (2019); Koppka et al. (2018); Vancroonenburg et al. (2019)
Schedule 2(2) Rath et al. (2017); Zhang et al. (2020)
Shift 30 (4) Breuer et al. (2020); Makboul et al. (2022); Vancroonenburg et al. (2019);
Xiao & Yoogalingam (2021)
Surgery duration 50 (3) Breuer et al. (2020); Makboul et al. (2022); Vancroonenburg et al. (2019)
Surgical performance 8(2) Bam et al. (2017); Xiao & Yoogalingam (2021)
Team structure 6(2) Breuer et al. (2020); Deng et al. (2019)
Waiting list 12 (3) Liu et al. (2019); Vancroonenburg et al. (2019); Xiao & Yoogalingam
(2021)
Workload 17 (2) Eun et al. (2019); Sagnol (2018)
Abedini et al. (2017); Bam et al. (2017); Bargetto et al. (2019); Britt et al.
Cost 53 (14) (2021); Broe et al. (2021); Jung et al. (2019); Liu et al. (2019); Makboul et
al. (2022); Naderi et al. (2021); Rath et al. (2017); Roshanaei et al.
(2020b); Sagnol (2018); Xiao & Yoogalingam (2021); Zhang et al. (2021)
Equipment utilisation 39(2) Bargetto et al. (2019); Zhang et al. (2021)
Operational 23 (5) Breuer et al. (2020); Erekat et al. (2020); Kroer et al. (2018); Makboul et
performance al. (2022); Roshanaei et al. (2020b)
OR time 30 (4) (Bzrg;;t al. (2021); Fairley et al. (2019); Kroer et al. (2018); Makboul et al.
OR utilisation Patient flow 24 (2) Naderi et al. (2021); Schiele et al. (2021)
Policy 36 (3) Jebali & Diabat (2017); Koppka et al. (2018); Liu et al. (2019)
Profit 6(2) Bargetto et al. (2019); Naderi et al. (2021)
Safety 8(2) Bargetto et al. (2019); Schiele et al. (2021)
Surgery volume 29 (4) Bovim et al. (2020); Britt et al. (2021); Coffey et al. (2018); Naderi et al.
(2021)
e Britt et al. (2021); Liu et al. (2019); Naderi et al. (2021); Xiao &
Waiting list 15 (4) Yoogalingam (2021)
Workforce 18 (3) Bargetto et al. (2019); Bender et al. (2015); Sagnol (2018)
Patient (health) Surgery duration 9(2) Fairley et al. (2019); Makboul et al. (2022)
condition Treatment type 7(2) Koppka et al. (2018); Schiele et al. (2021)
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Frequency

Cause-metric Result-metric (# phrases (# References?
articles))*
Bed utilisation 22 (3) Debats et al. (2021); Liu et al. (2019); Vancroonenburg et al. (2019)
Cancellation 7(2) Fairley et al. (2019); Vancroonenburg et al. (2019)
Cost 57 (5) Crosby et al. (2020); Fairley et al. (2019); Naderi et al. (2021); Popat et al.
(2018); Ye et al. (2017)
OR time 25 (3) Abedini et al. (2017); Debats et al. (2021); Liu et al. (2019)
OR utilisation 21(2) Abedini et al. (2017); Crosby et al. (2020)
Patient satisfaction 9(2) Fairley et al. (2019); Wakeman & Langham (2018)
Patient flow Schedule 13 (3) Breuer et al. (2020); Kroer et al. (2018); Liu et al. (2019)
Shift 11 (2) Burdett & Kozan (2018); Debats et al. (2021)
. Abedini et al. (2017); Bam et al. (2017); Fairley et al. (2019);
Start time 14(4) Vancroonenburg et al. (2019)
Surgery volume 39 (3) Koppka et al. (2018); Liu et al. (2019); Popat et al. (2018)
Surgical performance 13 (2) Debats et al. (2021); Scrimshire et al. (2022)
Waiting list 8(2) Abedini et al. (2017); Liu et al. (2019)
Workforce 7(2) Coffey et al. (2018); Debats et al. (2021)
Bed utilisation 16 (4) Britt et al. (2021); Debats et al. (2021); Vancroonenburg et al. (2019);
Zhang et al. (2019)
Cancellation 6(2) Bovim et al. (2020); Erekat et al. (2020)
Care outcomes 12 (3) Makboul et al. (2022); McKevitt et al. (2019); Wakeman & Langham
(2018)
Cichos et al. (2019); Fairley et al. (2019); Farrelly et al. (2017); Fu et al.
Cost 62 (13) (2021); Gormley et al. (2017); Jung et al. (2019); Koppka et al. (2018);
Policy Makboul et al. (2022); Roshanaei & Naderi (2021); Xiao & Yoogalingam
(2021); Zhang et al. (2019); Zhang et al. (2021); Zhang et al. (2020)
Culture 12 (2) Boet et al. (2021); Fraifeld et al. (2021)
. . Abedini et al. (2017); Britt et al. (2021); Chasseigne et al. (2020); Huynh
Distribution equipment 10 (6) et al. (2019); Marchand (2020); Wilson et al. (2020)
. I Boet et al. (2021); Scrimshire et al. (2022); Xiao & Yoogalingam (2021);
Equipment utilisation 24 (4) Zhang et al. (2020)
Idle time 7(2) Makboul et al. (2022); Xiao & Yoogalingam (2021)
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Frequency

Cause-metric Result-metric (# phrases (# References?
articles))*
Inventory 7(2) Chasseigne et al. (2020); Huynh et al. (2019)
Operational Breuer et al. (2020); Britt et al. (2021); Burdett & Kozan (2018); Jung et al.
8(4)
performance (2019)
OR design 7(2) Broe et al. (2021); Makboul et al. (2022)
OR opening hours 14 (3) McKevitt et al. (2019); Roshanaei & Naderi (2021); Sagnol (2018)
Abedini et al. (2017); Gunna et al. (2017); Jebali & Diabat (2017); Jung et
OR time 13 (9) al. (2019); Makboul et al. (2022); Roshanaei et al. (2020a); Xiao &
Yoogalingam (2021); Zhang et al. (2021); Zhang et al. (2020)
Britt et al. (2021); Erekat et al. (2020); Koppka et al. (2018); Makboul et
OR utilisation 36 (8) al. (2022); Vancroonenburg et al. (2019); Xiao & Yoogalingam (2021);
Zhang et al. (2021); Zhang et al. (2020)
. . . Boet et al. (2021); Erekat et al. (2020); Vancroonenburg et al. (2019); Xiao
Patient satisfaction 28 (6) & Yoogalingam (2021); Zhang et al. (2021); Zhang et al. (2020)
Profit 21(5) Bender et al. (2015); Fairley et al. (2019); Gunna et al. (2017); Roshanaei
& Naderi (2021); Vancroonenburg et al. (2019)
Boet et al. (2021); Cichos et al. (2019); Gormley et al. (2017); Kroer et al.
Safety 9(8) (2018); Makboul et al. (2022); Scrimshire et al. (2022); Wakeman &
Langham (2018); Wilson et al. (2020)
Shift 19 (3) Makboul et al. (2022); McKevitt et al. (2019); Xiao & Yoogalingam (2021)
Staff satisfaction 12 (3) Bender et al. (2015); Boet et al. (2021); Vancroonenburg et al. (2019)
Surgery duration 35 (3) Abedini et al. (2017); Cichos et al. (2019); Makboul et al. (2022)
- Chasseigne et al. (2020); Cichos et al. (2019); Coffey et al. (2018); Xiao &
Surgery efficiency 17 (4) Yoogalingam (2021)
Surgery volume 19 (4) \E:oeggaelri:gtaa; (ég;i)), Jung et al. (2019); Liu et al. (2019); Xiao &
Cichos et al. (2019); Erekat et al. (2020); Huynh et al. (2019); Jung et al.
Surgical performance 34 (7) (2019); Kroer et al. (2018); Wilson et al. (2020); Xiao & Yoogalingam

(2021)
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Frequency

Cause-metric Result-metric (# phrases (# References?
articles))*
Abedini et al. (2017); Bovim et al. (2020); Jung et al. (2019); Liu et al.
Waiting list 12 (9) (2019); McKevitt et al. (2019); Xiao & Yoogalingam (2021); Zhang et al.
(2019); Zhang et al. (2021); Zhang et al. (2020)
Waste 24 (3) Chasseigne et al. (2020); Cichos et al. (2019); Gormley et al. (2017)
Workload 14 (3) Debats et al. (2021); McKevitt et al. (2019); Wilson et al. (2020)
Profit Policy 30(2) Boet et al. (2021); Schiele et al. (2021)
Bed utilisation 6(2) Bovim et al. (2020); Jebali & Diabat (2017)
Cancellation 11 (3) Bovim et al. (2020); Jung et al. (2019); Xiao & Yoogalingam (2021)
Cost 7(2) Bargetto et al. (2019); Crosby et al. (2020)
OR time 25 (4) Barget'Fo et al. (2019); Bovim et al. (2020); Kroer et al. (2018); Xiao &
Yoogalingam (2021)
Patient flow 7(2) Koppka et al. (2018); Kroer et al. (2018)
Policy 6(2) Bargetto et al. (2019); Xiao & Yoogalingam (2021)
Responsiveness Schedule 10 (3) Bargetto et al. (2019); Bovim et al. (2020); Jebali & Diabat (2017)
Staff (health) condition 6(2) Bargetto et al. (2019); Wakeman & Langham (2018)
Start time 15 (4) Bargetto et al. (2019); Bovim et al. (2020); Jung et al. (2019); Koppka et
al. (2018)
Surgery duration 12 (3) Crosby et al. (2020); Makboul et al. (2022); Xiao & Yoogalingam (2021)
Surgery volume 15 (4) Bovim et al. (2020); Breuer et al. (2020); Jebali & Diabat (2017); Xiao &
Yoogalingam (2021)
Waiting list 6(2) Bargetto et al. (2019); Xiao & Yoogalingam (2021)
Revenue Profit 45 (2) Fairley et al. (2019); Gunna et al. (2017)
Care outcomes 15 (2) Chasseigne et al. (2020); Scrimshire et al. (2022)
Ahmadi et al. (2019); Britt et al. (2021); Dyas et al. (2018); Fairley et al.
Cost 48 (10) (2019); Farrelly et al. (2017); Fu et al. (2021); Gormley et al. (2017);
Safety Marchand (2020); Rath et al. (2017); Scrimshire et al. (2022)
Inventory 7(2) Huynh et al. (2019); Marchand (2020)
Patient satisfaction 6 (2) Boet et al. (2021); Scrimshire et al. (2022) Wilson et al. (2020)
Shift 13 (2) Chasseigne et al. (2020); Kroer et al. (2018)
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Frequency

Cause-metric Result-metric (# phrases (# References?
articles))*
Treatment type 13(2) Farrelly et al. (2017); Schiele et al. (2021)
Britt et al. (2021); Burdett & Kozan (2018); Debats et al. (2021); Fairley et
Bed utilisation 24 (7) al. (2019); Kheiri et al. (2021); Roshanaei et al. (2020a); Zhang et al.
(2019)
Cancellation 13 (3) Breuer et al. (2020); Roshanaei et al. (2020a); Schiele et al. (2021)
Bam et al. (2017); Breuer et al. (2020); Britt et al. (2021); Burdett & Kozan
(2018); Deng et al. (2019); Dyas et al. (2018); Eun et al. (2019); Farrelly et
Cost 64 (19) al. (2017); Gunna et al. (2017); Jebali & Diabat (2017); Liu et al. (2019);
Makboul et al. (2022); Naderi et al. (2021); Rath et al. (2017); Roshanaei
& Naderi (2021); Xiao & Yoogalingam (2021); Zhang et al. (2019); Zhang
et al. (2021); Zhang et al. (2020)
Idle time 16 (2) Bam et al. (2017); Schiele et al. (2021)
Operational 6 (3) Britt et al. (2021); Burdett & Kozan (2018); Xiao & Yoogalingam (2021)
performance
OR opening hours 24 (3) Bender et al. (2015); Naderi et al. (2021); Roshanaei et al. (2020b)
Schedule OR time 24.(6) Bam et al. (2017); Bovim et al. (2020); Breuer et al. (2020); Debats et al.
(2021); Rath et al. (2017); Xiao & Yoogalingam (2021)
Abedini et al. (2017); Bam et al. (2017); Bovim et al. (2020); Breuer et al.
I (2020); Britt et al. (2021); Erekat et al. (2020); Jebali & Diabat (2017);
OR utilisation 31(11) Jung et al. (2019); Rath et al. (2017); Roshanaei et al. (2020a); Schiele et
al. (2021)
Abedini et al. (2017); Bam et al. (2017); Britt et al. (2021); Burdett &
. Kozan (2018); Debats et al. (2021); Fairley et al. (2019); Gunna et al.
Patient flow 15011 (2017); Liu et al. (2019); Roshanaei et al. (2020a); Schiele et al. (2021); Ye
et al. (2017)
. . . Breuer et al. (2020); Dyas et al. (2018); Schiele et al. (2021); Xiao &
Patient satisfaction 17(6) Yoogalingam (2021); Zhang et al. (2021); Zhang et al. (2020)
Profit 7(2) Gunna et al. (2017); Schiele et al. (2021)
Revenue 15 (2) Abedini et al. (2017); Bender et al. (2015)
Safety 9(3) Eun et al. (2019); Kroer et al. (2018); Schiele et al. (2021)
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Frequency
Cause-metric Result-metric (# phrases (# References?
articles))*

Bam et al. (2017); Deng et al. (2019); Naderi et al. (2021); Xiao &

Shift 43(4) Yoogalingam (2021)
. Bam et al. (2017); Breuer et al. (2020); Britt et al. (2021); Dyas et al.
Start time 29 (5) (2018); Schiele et al. (2021)
. Bam et al. (2017); Breuer et al. (2020); Britt et al. (2021); Burdett & Kozan
Surgery duration 25(5) (2018); Naderi et al. (2021)
- Breuer et al. (2020); Burdett & Kozan (2018); Roshanaei et al. (2020a);
Surgery efficiency 7(4) Xiao & Yoogalingam (2021)
Surgery volume 22 (6) Abedini et al. (2017); Bender et al. (2015); Bovim et al. (2020); Britt et al.
(2021); Burdett & Kozan (2018); Naderi et al. (2021)
Britt et al. (2021); Gunna et al. (2017); Liu et al. (2019); McKevitt et al.
Waiting list 11 (8) (2019); Roshanaei et al. (2020a); Xiao & Yoogalingam (2021); Ye et al.
(2017); Zhang et al. (2019)
Workload 3(3) Ahmadi et al. (2019); Burdett & Kozan (2018); Debats et al. (2021)
Ahmadi et al. (2019); Bam et al. (2017); Bender et al. (2015); Britt et al.
(2021); Chasseigne et al. (2020); Coffey et al. (2018); Debats et al. (2021);
Cost 97 (19) Dyas et al. (2018); Erekat et al. (2020); Farrelly et al. (2017); Fu et al.
(2021); Jung et al. (2019); Kroer et al. (2018); Makboul et al. (2022);
Popat et al. (2018); Roshanaei & Naderi (2021); Sagnol (2018);
Shift Vancroonenburg et al. (2019); Xiao & Yoogalingam (2021)
Staff satisfaction 50 (4) Bender et al. (2015); Crosby et al. (2020); Koppka et al. (2018); Kroer et
al. (2018)
Surgery duration 32 (4) Deng et al. (2019); Farrelly et al. (2017); Fu et al. (2021); Ye et al. (2017)
Crosby et al. (2020); Farrelly et al. (2017); McKevitt et al. (2019); Rath et
Workload 19(5) al. (2017); Sagnol (2018)
Safety 6(2) Breuer et al. (2020); Erestam et al. (2021)
Erestam et al. (2021); Makboul et al. (2022); Wakeman & Langham
Staff (health) condition Staff performance 24(3) (2018)
Staff satisfaction 9(2) Crosby et al. (2020); Erestam et al. (2021)
Care outcomes 2(2) Britt et al. (2021); Farrelly et al. (2017)

154



Frequency

Cause-metric Result-metric (# phrases (# References?
articles))*
Cost 22(7) Chasseigne et al. (2020); Cichos et al. (2019); Coffey et al. (2018); Fairley
et al. (2019); Fraifeld et al. (2021); Fu et al. (2021); Popat et al. (2018)
Safety 25 (5) Ahmadi et al. (2019); Chasseigne et al. (2020); Erestam et al. (2021);
Makboul et al. (2022); Wakeman & Langham (2018)
. Broe et al. (2021); Chasseigne et al. (2020); Fairley et al. (2019); Makboul
Surgery duration 83 (6) et al. (2022); Sagnol (2018); Ye et al. (2017)
Surgical performance 33(2) Boet et al. (2021); Dyas et al. (2018)
Cancellation 6(2) Abedini et al. (2017); Coffey et al. (2018)
Cost 17 (4) Bargetto et al. (2019); Deng et al. (2019); Jebali & Diabat (2017); Makboul
et al. (2022)
Distribution equipment 6 (2) Breuer et al. (2020); Cichos et al. (2019)
OR time 8(2) Abedini et al. (2017); Rath et al. (2017)
. OR utilisation 14 (3) Abedini et al. (2017); Breuer et al. (2020); Coffey et al. (2018)
Start time -
Patient flow 12 (3) Coffey et al. (2018); Koppka et al. (2018); Kroer et al. (2018)
Safety 10 (3) Ahmadi et al. (2019); Bam et al. (2017); Yoon et al. (2019)
Shift 20 (3) Breuer et al. (2020); Kroer et al. (2018); Makboul et al. (2022)
Surgery efficiency 15 (4) Bender et al. (2015); Breuer et al. (2020); Coffey et al. (2018); Debats et
al. (2021)
Waiting list 10 (2) Breuer et al. (2020); Coffey et al. (2018)
Bed utilisation 12 (3) Coffey et al. (2018); Debats et al. (2021); M’Hallah & Visintin (2019)
Cost 28 (5) Dyas et al. (2018); Naderi et al. (2021); Popat et al. (2018); Roshanaei &
Naderi (2021); Zhang et al. (2020)
Idle time 19 (2) Koppka et al. (2018); Makboul et al. (2022)
OR block 42(7) Abedini et al. (2017); Bam et al. (2017); Eun et al. (2019); Roshanaei et al.
Surgery duration (2020a); Sagnol (2018); Schiele et al. (2021); Zhang et al. (2020)
Bargetto et al. (2019); Broe et al. (2021); Eun et al. (2019); Koppka et al.
OR time 21 (9) (2018); Makboul et al. (2022); Rath et al. (2017); Sagnol (2018); Ye et al.
(2017); Zhang et al. (2020)
OR utilisation 72 (4) Breuer et al. (2020); Coffey et al. (2018); Fu et al. (2021); Zhang et al.

(2021)
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Frequency

Cause-metric Result-metric (# phrases (# References?
articles))*
Patient flow 25 (4) Debats et al. (2021); Fu et al. (2021); Liu et al. (2019); Ye et al. (2017)
Safety 16 (2) Bargetto et al. (2019); Kroer et al. (2018)
Schedule 39 (4) Bam et al. (2017); Bargetto et al. (2019); Rath et al. (2017); Zhang et al.
(2020)
Shift 33(3) Dyas et al. (2018); Makboul et al. (2022); Roshanaei et al. (2020a)
Staff performance 25(2) Broe et al. (2021); Erestam et al. (2021)
Surgery efficiency 38 (6) Abedini et al. (2017); Breuer et al. (2020); Gunna et al. (2017); Makboul
et al. (2022); M’Hallah & Visintin (2019); Roshanaei et al. (2020a)
Waiting list 9(2) Sagnol (2018); Zhang et al. (2021)
Workload 9(2) Debats et al. (2021); Sagnol (2018)
Surgery efficiency Cost 17 (3) Jung et al. (2019); Liu et al. (2019); Vancroonenburg et al. (2019)
OR time 15 (2) Jebali & Diabat (2017); Xiao & Yoogalingam (2021)
Surgical performance Care outcomes 29 (2) Burdett & Kozan (2018); Scrimshire et al. (2022)
Surgery volume 33(2) Broe et al. (2021); Scrimshire et al. (2022)
I Abedini et al. (2017); Bovim et al. (2020); Debats et al. (2021); Jebali &
Bed utilisation 20(5) Diabat (2017); Sagnol (2018)
Bam et al. (2017); Burdett & Kozan (2018); Erekat et al. (2020); Fu et al.
Cost 43 (9) (2021); Jebali & Diabat (2017); Jung et al. (2019); Liu et al. (2019); Popat
et al. (2018); Vancroonenburg et al. (2019)
Surgery volume OR block 11 (2) Eun et al. (2019); Jebali & Diabat (2017)
OR time 12 (3) Bovim et al. (2020); Liu et al. (2019); Vancroonenburg et al. (2019)
Patient flow 7(2) Kheiri et al. (2021); Vancroonenburg et al. (2019)
Policy 9(2) Koppka et al. (2018); Xiao & Yoogalingam (2021)
Surgical performance 11 (2) Burdett & Kozan (2018); Xiao & Yoogalingam (2021)
Waiting list 7(2) Liu et al. (2019); Xiao & Yoogalingam (2021)
Workload 25 (3) Breuer et al. (2020); Burdett & Kozan (2018); Debats et al. (2021)
Cost 7(2) Broe et al. (2021); Popat et al. (2018)
Staff performance 21(2) Farrelly et al. (2017); Wakeman & Langham (2018)
Team structure - - -
Staff satisfaction 6(2) Breuer et al. (2020); Chasseigne et al. (2020)
Surgical performance 12 (3) Chasseigne et al. (2020); Popat et al. (2018); Wakeman & Langham (2018)




Frequency

Cause-metric Result-metric (# phrases (# References?
articles))*
Culture 6 (2) Boet et al. (2021); Wakeman & Langham (2018)
Safety 7(2) Erestam et al. (2021); Wakeman & Langham (2018)
Staff (health) condition 11(2) Erestam et al. (2021); Wakeman & Langham (2018)
Teamwork Chasseigne et al. (2020); Coffey et al. (2018); Huynh et al. (2019); Popat
Staff performance 36(5) et al. (2018); Wakeman & Langham (2018)
Team structure 7(2) Broe et al. (2021); Wakeman & Langham (2018)
Workload 7(2) Huynh et al. (2019); Wakeman & Langham (2018)
Bed utilisation 7(2) Burdett & Kozan (2018); M’Hallah & Visintin (2019)
Care outcomes 7(2) McKevitt et al. (2019); Popat et al. (2018)
Cost 14 (4) Jung et al. (2019); Kheiri et al. (2021); McKevitt et al. (2019); Popat et al.
(2018)
Treatment type Equipment utilisation 9(2) Kroer et al. (2018); Rath et al. (2017)
OR design 7(2) Koppka et al. (2018); Rath et al. (2017)
Patient satisfaction 8(2) McKevitt et al. (2019); Popat et al. (2018)
Surgery duration 25 (4) Fairley et al. (2019); Makboul et al. (2022); Rath et al. (2017); Roshanaei

et al. (2020a)

Care outcomes 6(2) Britt et al. (2021); McKevitt et al. (2019)
Bam et al. (2017); Bargetto et al. (2019); Britt et al. (2021);

Cost 19(5) Vancroonenburg et al. (2019); Xiao & Yoogalingam (2021)
OR utilisation 9 (3) (Bzo(;/zwln) et al. (2020); Vancroonenburg et al. (2019); Xiao & Yoogalingam
Waiting list
Patient satisfaction 16 (4) Britt et aI.. (2021); Coffey et al. (2018); Vancroonenburg et al. (2019); Xiao
& Yoogalingam (2021)
Safety 15 (4) Breuer et al. (2020); Britt et al. (2021); Eun et al. (2019); Vancroonenburg
et al. (2019)
Waste Cost 17 (4) ;:zrgllfgl)d et al. (2021); Fu et al. (2021); Gormley et al. (2017); Yoon et al.
Workforce Patient flow 13 (2) Debats et al. (2021); Fairley et al. (2019)
Workload Care outcomes 12 (2) Debats et al. (2021); Roshanaei et al. (2020b)
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Frequency

Cause-metric Result-metric (# phrases (# References?
articles))*
Staff (health) condition 2(2) Erestam et al. (2021); Roshanaei et al. (2020b)
Surgical performance 4 (2) Debats et al. (2021); Roshanaei et al. (2020b)

! This are the number of phrases is the number of causalities, including the intermediate links. The number of references is the articles that directly

mentioned the causality.
2 The number of phrases per article is not mentioned, due to that many causalities are including intermediate links.
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Appendix H Generalised metric relations of the performance optimisation of the OR

Table Appendix 8: The generalised metrics with its causal metrics related to the performance optimisation of the OR, together with the corresponding
number of studies and references. Between the brackets, the frequency of phrases within the articles are stated. All the metrics that occurred only once
(n=1) in all articles or only occurred in one article have been removed.
Frequency
Cause-metric Result-metric (# phrases (# References?
articles))*

Ahmadi et al. (2019); Boet et al. (2021); Bovim et al. (2020); Burdett &
Kozan (2018); Cichos et al. (2019); Dyas et al. (2018); Fu et al. (2021);
Gormley et al. (2017); Huynh et al. (2019); Marchand (2020); Naderi et al.
(2021); Rath et al. (2017); Yoon et al. (2019)
Ahmadi et al. (2019); Bam et al. (2017); Bargetto et al. (2019); Boet et al.
(2021); Britt et al. (2021); Chasseigne et al. (2020); Cichos et al. (2019);
Crosby et al. (2020); Dyas et al. (2018); Farrelly et al. (2017); Fraifeld et al.
(2021); Fu et al. (2021); Gormley et al. (2017); Huynh et al. (2019);
Marchand (2020); Naderi et al. (2021) ; Popat et al. (2018); Rath et al.
(2017); Xiao & Yoogalingam (2021); Yoon et al. (2019)
Cichos et al. (2019); Crosby et al. (2020); Dyas et al. (2018); Farrelly et al.
Operational performance 36 (7) (2017); Fu et al. (2021); Gormley et al. (2017); Wakeman & Langham
(2018)
Patients 18 (2) Burdett & Kozan (2018); Naderi et al. (2021)
Burdett & Kozan (2018); Cichos et al. (2019); Crosby et al. (2020); Popat
et al. (2018); Yoon et al. (2019)
Ahmadi et al. (2019); Breuer et al. (2020); Chasseigne et al. (2020); Cichos
et al. (2019); Deng et al. (2019); Dyas et al. (2018); Huynh et al. (2019);
Kroer et al. (2018); Liu et al. (2019); Roshanaei et al. (2020a); Sagnol
(2018); Yoon et al. (2019)
Ahmadi et al. (2019); Breuer et al. (2020); Britt et al. (2021); Cichos et al.
(2019); Coffey et al. (2018); Crosby et al. (2020); Dyas et al. (2018);
Farrelly et al. (2017); Fu et al. (2021); Huynh et al. (2019); Marchand
(2020); Naderi et al. (2021)

Equipment 55 (13)

Finance 41 (20)

Equipment

Result 25 (5)

Schedule 70(12)

Staff 61 (12)
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Cause-metric

Result-metric

Frequency
(# phrases (#
articles))*

References?

Surgery

89 (13)

Breuer et al. (2020); Britt et al. (2021); Broe et al. (2021); Cichos et al.
(2019); Crosby et al. (2020); Deng et al. (2019); Dyas et al. (2018); Farrelly
et al. (2017); Fu et al. (2021); Liu et al. (2019); Marchand (2020); Rath et
al. (2017); Yoon et al. (2019)

Finance

Equipment

7(2)

Dyas et al. (2018); Farrelly et al. (2017)

Finance

121 (7)

Cichos et al. (2019); Coffey et al. (2018); Fairley et al. (2019); Gunna et al.
(2017); Liu et al. (2019); Roshanaei & Naderi (2021); Schiele et al. (2021)

Operational performance

30(2)

Boet et al. (2021); Schiele et al. (2021)

Operational
performance

Equipment

79 (14)

Abedini et al. (2017); Boet et al. (2021); Britt et al. (2021); Broe et al.
(2021); Chasseigne et al. (2020); Cichos et al. (2019); Gormley et al.
(2017); Huynh et al. (2019); Makboul et al. (2022); Marchand (2020);
Scrimshire et al. (2022); Wilson et al. (2020); Xiao & Yoogalingam (2021);
Zhang et al. (2020)

Finance

150 (25)

Ahmadi et al. (2019); Bargetto et al. (2019); Bender et al. (2015); Britt et
al. (2021); Cichos et al. (2019); Coffey et al. (2018); Crosby et al. (2020);
Dyas et al. (2018); Fairley et al. (2019); Farrelly et al. (2017); Fu et al.
(2021); Gormley et al. (2017); Gunna et al. (2017); Jung et al. (2019);
Koppka et al. (2018); Makboul et al. (2022); Marchand (2020); Rath et al.
(2017); Roshanaei & Naderi (2021); Scrimshire et al. (2022);
Vancroonenburg et al. (2019); Xiao & Yoogalingam (2021); Zhang et al.
(2019); Zhang et al. (2021); Zhang et al. (2020)

Operational performance

23 (14)

Bargetto et al. (2019); Boet et al. (2021); Breuer et al. (2020); Britt et al.
(2021); Burdett & Kozan (2018); Cichos et al. (2019); Gormley et al.
(2017); Jung et al. (2019); Kroer et al. (2018); Makboul et al. (2022);
Scrimshire et al. (2022); Wakeman & Langham (2018); Wilson et al.
(2020); Xiao & Yoogalingam (2021)

Patients

97 (18)

Bender et al. (2015); Boet et al. (2021); Bovim et al. (2020); Breuer et al.
(2020); Britt et al. (2021); Debats et al. (2021); Erekat et al. (2020); Jebali
& Diabat (2017); Jung et al. (2019); Koppka et al. (2018); Kroer et al.
(2018); Liu et al. (2019); Scrimshire et al. (2022); Vancroonenburg et al.
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Frequency
Cause-metric Result-metric (# phrases (# References?
articles))*

(2019); Xiao & Yoogalingam (2021); Zhang et al. (2019); Zhang et al.
(2021); Zhang et al. (2020)
Bam et al. (2017); Erekat et al. (2020); Huynh et al. (2019); Jung et al.
(2019); Kroer et al. (2018); Makboul et al. (2022); McKevitt et al. (2019);
Scrimshire et al. (2022); Wakeman & Langham (2018); Wilson et al.
(2020); Xiao & Yoogalingam (2021)
Abedini et al. (2017); Bargetto et al. (2019); Bovim et al. (2020); Britt et
al. (2021); Erekat et al. (2020); Gunna et al. (2017); Jebali & Diabat
(2017); Jung et al. (2019); Koppka et al. (2018); Kroer et al. (2018); Liu et
Schedule 148 (21) al. (2019); Makboul et al. (2022); McKevitt et al. (2019); Roshanaei et al.
(2020a); Roshanaei & Naderi (2021); Sagnol (2018); Vancroonenburg et
al. (2019); Xiao & Yoogalingam (2021); Zhang et al. (2019); Zhang et al.
(2021); Zhang et al. (2020)
Bargetto et al. (2019); Bender et al. (2015); Boet et al. (2021); Chasseigne
et al. (2020); Debats et al. (2021); Fraifeld et al. (2021); Kroer et al.
Staff 83 (13) (2018); Makboul et al. (2022); McKevitt et al. (2019); Vancroonenburg et
al. (2019); Wakeman & Langham (2018); Wilson et al. (2020); Xiao &
Yoogalingam (2021)
Abedini et al. (2017); Chasseigne et al. (2020); Cichos et al. (2019); Coffey
Surgery 77 (9) et al. (2018); Crosby et al. (2020); Farrelly et al. (2017); Makboul et al.
(2022); Schiele et al. (2021); Xiao & Yoogalingam (2021)

Result 61(12)

Bam et al. (2017); Bovim et al. (2020); Britt et al. (2021); Burdett & Kozan
(2018); Crosby et al. (2020); Erekat et al. (2020); Fairley et al. (2019); Fu
et al. (2021); Jebali & Diabat (2017); Jung et al. (2019); Kheiri et al.
(2021); Liu et al. (2019); Naderi et al. (2021); Popat et al. (2018); Schiele
et al. (2021); Vancroonenburg et al. (2019); Ye et al. (2017); Zhang et al.
(2021)

Jebali & Diabat (2017); Koppka et al. (2018); Liu et al. (2019); Xiao &
Yoogalingam (2021)

Finance 173 (18)
Patients

Operational performance 16 (4)
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Cause-metric

Result-metric

Frequency
(# phrases (#
articles))*

References?

Patients

185 (14)

Abedini et al. (2017); Bovim et al. (2020); Debats et al. (2021); Fairley et
al. (2019); Jebali & Diabat (2017); Kheiri et al. (2021); Koppka et al.
(2018); Liu et al. (2019); M’Hallah & Visintin (2019); Popat et al. (2018);
Sagnol (2018); Schiele et al. (2021); Vancroonenburg et al. (2019);
Wakeman & Langham (2018)

Result

14 (5)

Burdett & Kozan (2018); Debats et al. (2021); Liu et al. (2019); Scrimshire
et al. (2022); Xiao & Yoogalingam (2021)

Schedule

179 (17)

Abedini et al. (2017); Bam et al. (2017); Bovim et al. (2020); Breuer et al.
(2020); Britt et al. (2021); Crosby et al. (2020); Debats et al. (2021); Eun et
al. (2019); Fairley et al. (2019); Jebali & Diabat (2017); Kheiri et al. (2021);
Kroer et al. (2018); Liu et al. (2019); M’Hallah & Visintin (2019); Schiele et
al. (2021); Vancroonenburg et al. (2019); Xiao & Yoogalingam (2021)

Staff

43 (4)

Breuer et al. (2020); Burdett & Kozan (2018); Coffey et al. (2018); Debats
et al. (2021)

Surgery

21 (6)

Bam et al. (2017); Bovim et al. (2020); Fairley et al. (2019); Koppka et al.
(2018); Makboul et al. (2022); Schiele et al. (2021)

Result

Patients

33(2)

Broe et al. (2021); Scrimshire et al. (2022)

Result

29 (2)

Burdett & Kozan (2018); Scrimshire et al. (2022)

Surgery

2(2)

McKevitt et al. (2019); Popat et al. (2018)

Schedule

Equipment

45 (4)

Bargetto et al. (2019); Breuer et al. (2020); Cichos et al. (2019); Zhang et
al. (2021)

Finance

305 (33)

Abedini et al. (2017); Bam et al. (2017); Bargetto et al. (2019); Bender et
al. (2015); Bovim et al. (2020); Breuer et al. (2020); Britt et al. (2021);
Broe et al. (2021); Burdett & Kozan (2018); Debats et al. (2021); Deng et
al. (2019); Dyas et al. (2018); Eun et al. (2019); Fairley et al. (2019);
Farrelly et al. (2017); Gunna et al. (2017); Jebali & Diabat (2017); Jung et
al. (2019); Koppka et al. (2018); Kroer et al. (2018); Liu et al. (2019);
Makboul et al. (2022); Naderi et al. (2021); Rath et al. (2017); Roshanaei
et al. (2020b); Roshanaei & Naderi (2021); Sagnol (2018); Schiele et al.
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Cause-metric

Result-metric

Frequency
(# phrases (#
articles))*

References?

(2021); Vancroonenburg et al. (2019); Xiao & Yoogalingam (2021); Zhang
et al. (2019); Zhang et al. (2021); Zhang et al. (2020)

Operational performance

113 (19)

Ahmadi et al. (2019); Bam et al. (2017); Bargetto et al. (2019); Breuer et
al. (2020); Britt et al. (2021); Burdett & Kozan (2018); Erekat et al. (2020);
Eun et al. (2019); Jebali & Diabat (2017); Jung et al. (2019); Koppka et al.
(2018); Kroer et al. (2018); Liu et al. (2019); Makboul et al. (2022);
Roshanaei et al. (2020b); Schiele et al. (2021); Vancroonenburg et al.
(2019); Xiao & Yoogalingam (2021); Yoon et al. (2019)

Patients

218 (28)

Abedini et al. (2017); Bam et al. (2017); Bender et al. (2015); Bovim et al.
(2020); Breuer et al. (2020); Britt et al. (2021); Burdett & Kozan (2018);
Coffey et al. (2018); Debats et al. (2021); Dyas et al. (2018); Erekat et al.
(2020); Fairley et al. (2019); Gunna et al. (2017); Jebali & Diabat (2017);
Kheiri et al. (2021); Koppka et al. (2018); Kroer et al. (2018); Liu et al.
(2019); M’Hallah & Visintin (2019); Naderi et al. (2021); Roshanaei et al.
(2020a); Schiele et al. (2021); Vancroonenburg et al. (2019); Xiao &
Yoogalingam (2021); Ye et al. (2017); Zhang et al. (2019); Zhang et al.
(2021); Zhang et al. (2020)

Result

14 (4)

Bam et al. (2017); Britt et al. (2021); McKevitt et al. (2019); Xiao &
Yoogalingam (2021)

Schedule

475 (33)

Abedini et al. (2017); Bam et al. (2017); Bender et al. (2015); Bovim et al.
(2020); Breuer et al. (2020); Britt et al. (2021) Britt et al. (2021); Coffey et
al. (2018); Debats et al. (2021); Dyas et al. (2018); Erekat et al. (2020);
Fairley et al. (2019); Gunna et al. (2017); Jebali & Diabat (2017); Jung et
al. (2019); Kheiri et al. (2021); Koppka et al. (2018); Kroer et al. (2018); Liu
et al. (2019); Makboul et al. (2022); McKevitt et al. (2019); M’Hallah &
Visintin (2019); Naderi et al. (2021); Rath et al. (2017); Roshanae:i et al.
(2020a); Roshanaei et al. (2020b); Sagnol (2018); Schiele et al. (2021);
Vancroonenburg et al. (2019); Xiao & Yoogalingam (2021); Ye et al.
(2017); Zhang et al. (2019); Zhang et al. (2021); Zhang et al. (2020)
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Frequency
Cause-metric Result-metric (# phrases (# References?
articles))*

Ahmadi et al. (2019); Bam et al. (2017); Bargetto et al. (2019); Bender et

al. (2015); Breuer et al. (2020); Burdett & Kozan (2018); Debats et al.
Staff 166 (16) (2021); Deng et al. (2019); Eun et al. (2019); Kroer et al. (2018); Makboul
et al. (2022); Naderi et al. (2021); Sagnol (2018); Schiele et al. (2021);
Vancroonenburg et al. (2019); Xiao & Yoogalingam (2021)
Bam et al. (2017); Bender et al. (2015); Breuer et al. (2020); Britt et al.
(2021); Burdett & Kozan (2018); Coffey et al. (2018); Debats et al. (2021);
Makboul et al. (2022); Naderi et al. (2021); Roshanaei et al. (2020a);
Sagnol (2018); Vancroonenburg et al. (2019); Xiao & Yoogalingam (2021)

Surgery 105 (13)

Ahmadi et al. (2019); Bam et al. (2017); Bender et al. (2015); Britt et al.
(2021); Broe et al. (2021); Chasseigne et al. (2020); Cichos et al. (2019);
Coffey et al. (2018); Debats et al. (2021); Dyas et al. (2018); Erekat et al.
Finance 149 (24) (2020); Fairley et al. (2019); Farrelly et al. (2017); Fraifeld et al. (2021); Fu
et al. (2021); Jung et al. (2019); Kroer et al. (2018); Liu et al. (2019);
Makboul et al. (2022); Popat et al. (2018); Roshanaei & Naderi (2021);
Sagnol (2018); Vancroonenburg et al. (2019); Xiao & Yoogalingam (2021)
Ahmadi et al. (2019); Boet et al. (2021); Breuer et al. (2020); Chasseigne

Operational performance 113 (7) et al. (2020); Erestam et al. (2021); Makboul et al. (2022); Wakeman &
Staff Langham (2018)
Patients 13 (2) Debats et al. (2021); Fairley et al. (2019)
Boet et al. (2021); Britt et al. (2021); Chasseigne et al. (2020); Debats et
Result 63 (9) al. (2021); Dyas et al. (2018); Farrelly et al. (2017); Popat et al. (2018);

Roshanaei et al. (2020b); Wakeman & Langham (2018)

Bender et al. (2015); Boet et al. (2021); Breuer et al. (2020); Broe et al.
(2021); Chasseigne et al. (2020); Coffey et al. (2018); Crosby et al. (2020);
Erestam et al. (2021); Farrelly et al. (2017); Huynh et al. (2019); Koppka et
al. (2018); Kroer et al. (2018); Makboul et al. (2022); McKevitt et al.
(2019); Popat et al. (2018); Rath et al. (2017); Roshanaei et al. (2020b);
Sagnol (2018); Wakeman & Langham (2018)

Staff 235 (19)
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Frequency

Cause-metric Result-metric (# phrases (# References?
articles))*
Broe et al. (2021); Chasseigne et al. (2020); Deng et al. (2019); Fairley et
Surgery 95 (9) al. (2019); Farrelly et al. (2017); Fu et al. (2021); Makboul et al. (2022);
Sagnol (2018); Ye et al. (2017)
Equipment 16 (3) Koppka et al. (2018); Kroer et al. (2018); Rath et al. (2017)
Dyas et al. (2018); Jung et al. (2019); Kheiri et al. (2021); Liu et al. (2019);
Finance 59 (10) McKevitt et al. (2019); Naderi et al. (2021); Popat et al. (2018); Roshanaei
& Naderi (2021); Vancroonenburg et al. (2019); Zhang et al. (2020)
Operational performance 16 (2) Bargetto et al. (2019); Kroer et al. (2018)
Burdett & Kozan (2018); Coffey et al. (2018); Debats et al. (2021); Fu et al.
Patients 52 (9) (2021); Liu et al. (2019); McKevitt et al. (2019); M’Hallah & Visintin
(2019); Popat et al. (2018); Ye et al. (2017)
Result 7(2) McKevitt et al. (2019); Popat et al. (2018)
Abedini et al. (2017); Bam et al. (2017); Bargetto et al. (2019); Breuer et
Surgery al. (2020); Broe et al. (2021); Coffey et al. (2018); Eun et al. (2019); Fu et
al. (2021); Jebali & Diabat (2017); Koppka et al. (2018); Makboul et al.
Schedule 198 (19) (2022); Rath et al. (2017); Roshanaei et al. (2020a); Sagnol (2018); Schiele
et al. (2021); Xiao & Yoogalingam (2021); Ye et al. (2017); Zhang et al.
(2021); Zhang et al. (2020)
Broe et al. (2021); Debats et al. (2021); Dyas et al. (2018); Erestam et al.
Staff 86 (8) (2021); Koppka et al. (2018); Makboul et al. (2022); Roshanaei et al.
(2020a); Sagnol (2018)
Abedini et al. (2017); Breuer et al. (2020); Fairley et al. (2019); Gunna et
Surgery 63 (8) al. (2017); Makboul et al. (2022); M’Hallah & Visintin (2019); Rath et al.

(2017); Roshanaei et al. (2020a)

! This are the number of phrases is the number of causalities, including the intermediate links. The number of references is the articles that directly

mentioned the causality.

2 The number of phrases per article is not mentioned, due to that many causalities are including intermediate links.
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Appendix | Manual of the PORC-tool

Performance Operating Room Counselling
(PORC-) tool

Decision-support tool for (the optimisation of) the
performance of the OR

Version 1.0

Guidance manual
Date of this version: 25 October 2022

By questions or problems, contact Karlijn E. van Beekum:
k.e.vanbeekum@student.tudelft.nl
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Purpose

The tool has as goal to support the decision-making of healthcare professionals (HCPs) on
innovations for the operating room (OR) by counselling in creating a holistic view of the
performance objective and its metrics. This holistic view is required since many stakeholders
are involved in (the optimisation of) the performance of the OR and have different
perspectives. Therefore, it is important that the decisions will be based on information
acknowledging the whole OR.

To compensate for the lack of holistic view and enable and standardise the decision-making,
the tool provides insight in the performance objective and its metrics. The tool aims to cover-
up the blind spots of the HCPs.

The tool can help to gather information more easily, since the tool provides a clear, structural
overview of the metrics and causalities of the OR. This contributes to a more insight into the
OR organisation and goals before the decision-making of the HCP, leading to a well-informed
decision on the OR and standardisation of this process.

TYPES OF QUESTIONS ADDRESSED

- Interest: establishing the interest of the situation or problem on (the optimisation of)
the performance of the OR.
“What is the interest within the OR?”

- Problem choice: establishing the (most concerning) problem with (the optimisation of)
the performance of the OR.
“Which problem should be addressed (first)?”

- Product choice: establishing the effects of an innovation on (the optimisation of) the
performance of the OR.
“What is the value of choosing this innovation/product?”

- Solution choice: establishing the effects of a solution on (the optimisation of) the
performance of the OR.
“What is the value of this solution?”
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Structure
2O

The Performance Operating Room Counselling (PORC-)tool is an Excel-based tool. The tool
provides the related objectives or metrics, when a metric or objective is selected and the
causalities between metrics.

The steps of the tool are provided in a flowchart and the data from the objectives and metrics
are presented in a matrix table.

The tool has an interactive function, SLAC e"“‘“ N ey t‘“
whereby the user can select one code e B B
(objective factor, objective et

characteristic, metric factor or metric

characteristic). All the relations of this  Tone

code will be presented and the non- prery P et onn

staff (health) condition
Accessinilry Schedule

Surgical performance
related relations will be hidden. et s

Objective characteristic Metric factor
Environment Environment
Environment Fauity

Bad utilization

Metric characteristic

Education
Equity
Investment

The tool provides a list of all the related objectives or metrics, whenever one metric or
objective is selected. It can be used on different levels, since there are opportunities to select
an objective factor, objective characteristic, metric factor and metric characteristic. It is
important to realise a more specified term leads to more specific causalities are provided by
the tool. Whenever the user has a broad term of interest, there will be found a high variety in
relations, which does not help with creating the target performance. Next to that, the tool a
work reversibly, since it can provide related metrics if the objective is selected, or related
objectives when the metric is selected.

DESIGN
The tool consists of six pages:

PAGE 1 The introduction page with a title, logo and the ~ Performance Operating Room Counselling (PORC)-tool
name of the developer. : Version 1.0

Karlijn E. van Beekum

Performance Operating Room Counselling (PORC-) tool
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Tool Optimisation

Problem / PAGE 2 A short description of the
Innovation , decision-making process and the
steps that are required to use the

Select term 3
; Choose related
Oéiftc'\\tfe P— »| Select metric «—+—1 describing tool.
(page 2) (page 2 & 3) | terms 2

List of related
metrics
(page 2)

List of related || List of metric :
objectives causalities —'—P
(page 2) (page 3)

Define target
performance,

- E S B 9
E [ — caon ||| E 3
A-| == === Humacm & 5 Condnonot somanss [TSCTRTN oxplonciory. [inpi . e R
Fomirtng - b
o 5 s s wew 5 s <

- _ PAGE 3 An interactive
Al . : ° : overview of the objectives

z Objective characteristic Metric factor

. [oowtier | ] Ciariter y [t and metrics of the
performance optimisation

.
5 Objective characteristic Metric factor Metric characteristic

6 Accessbily Enviranment Emvironment f h OR h b h
: P of the OR, whereby the

== relations between the

10 6

i . . .
2 objectives or metrics can
1 Schedule

15 Schedule QF time be shown_

1% Surgery valume.

i Treatmen: typs

1 Accesitiliey Waiting list

18 Accesitilioy Warkiarce

b1) Cars outcomes

2 Cars outromes Audt performance

2 Care outcomes fied utiization

23 are outcomes are outoomes

2 Care oulsame Communication

i Care outcomes Complication

7ORC o0 | Sers | Obiective and retric | e covsamies | foraeetalsTe | Tems aeteiiors | @

PAGE 4 An interactive overview of the causalities of the metrics of : =i e

the performance optimisation of the OR. : i
PAGE 5 An overview of all the relations between objectives and
metrics of the performance optimisation of the OR.

Accessibility Care outcomes Finance
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PAGE 6 An overview of the .
definitions of the codes, B L
objectives and metrics.

< atche O, th i 7 iagnase, number of rasouracs and sefaty] 4nd BOFTaRY cal, Ananaial

o pationts’ heaith condition.

ranees of the patents,

8 Objestive fmetar

the cetient snd Staft

The eirect of the treatment on the patient
h  Surery about the treatment and the

ot the gatient snd staff

Bt (B0 W T - -

SUPPORTING MATERIALS

PORC-TOOL
This Excel-based tool guides the user by creating a holistic view of the OR, by providing the
information of the performance optimisation of the OR and the impact for the OR.

BROCHURE

This brochure is a reminder and a first help for the users, since it is easy to
distribute and includes a short explanation of the tool. The goal of this brochure
is to provide a short but clear overview of all the functionalities of the tool and
the steps that should be taken for usage.

. performance
operatins
Room
Counselling

_ (PORC-) tool
=

THESIS

This thesis provides the literature for the tool and the design process. All the
taken decisions are described in this thesis, including an explanation. Also, the
limitations of the tool are noted.
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Practice

»
/

The tool can be used in many situations; problem, product, solution related and by several
stakeholders. Therefore, a quick guide of the steps and the target audience are defined.

TARGET AUDIENCE

The PORC-tool is aimed for the healthcare professionals in general, that have a saying in the
optimising or decision-making process of the OR. The participant should have knowledge of
the healthcare and the OR itself. Knowledge about an innovation or problem could facilitate
the process. A basic knowledge of Excel could be helpful, especially by updating the tool. If the
decision-support tool is used, it will be beneficial for at least one healthcare professional to be
familiar with the tool; however, this is not required.

The healthcare professionals include medical staff, scientist and hospital management, as long
as they are gathering information of the medical OR for a hospital or university research.

QUICK GUIDE
This tool helps the decision-makers to create a holistic view and gather information about the
impact of an innovation required for the decision.
1. Problem/innovation:
The healthcare professionals come up with a problem or an interesting innovation.
2. Choose related describing terms:
The healthcare professionals think of describing terms (for the objective or metric)
related to the problem or innovation.
3. Select objective or metric:
The healthcare professionals compare the describing terms with the in the tool
provided terms. The most related terms can be selected in the matrix table.
4. List of related metrics or objectives:
After selecting an objective on page 3, a list of metrics will appear. These metrics can
be selected on page 4, which causes a list of metric causalities.
After selecting a metric, a list of objectives will appear. The metric should also be
selected on page 4, which causes a list of metric causalities.
5. Define target performance:
The target performance should be established by the healthcare professionals, by
stating what is most important for them. Comparing and analysing the found relations
and causalities, it might help to find the most common terms and therefore the most
important objective or metrics.
6. Information for decision-making:
A holistic vision of the OR is made and therefore the decision can be made based on
information.

TIMELINE

There is no prescribed length for the process, which can vary from a couple of hours to over a
week. The exact timeline is likely to depend on a number of factors, including the number,
profile and schedule of the healthcare professionals, the urgency and importance of the
problem/innovation and the knowledge of the healthcare professionals about the situation or
innovation.
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The usages of the tool itself is not time-consuming, since selecting the terms in not hard.
However, the conversation about the problem/innovation, thinking of describing terms and
analysing the results for the target performance require time and effort from the healthcare
professionals.

Minimally half an hour is required to come up with the describing terms and for analysing the
results for the target performance. 10 minutes have to be reserved to select the right terms, so
comparing the describing terms to the stated codes in the tool. 5 minutes are required to
create the multiple lists of relations and causalities. This results in 75 minutes; however, it can
be eligible to calculate some time to rethink over the terms and results. Notable is that the
time to gather information of and discuss the innovation is not considered, since this depends
too much on the group and is not tool related.
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Guide per step

Per step from the flowchart is an elaborated description in this chapter. Starting with a short
overview of the aim of the step, the involved participants and the essentials for this step.

STEP O
PREPARATION

AIM: GETTING READY FOR THE DECISION-MAKING PROCESS

PARTICIPANTS: HEALTHCARE PROFESSIONAL WHO IS PROFICIENT WITH EXCEL

ESSENTIALS: COMPUTER, EXCEL PROGRAMME

1) To get started, the healthcare professional should open the Excel application on the

computer.
a.

2) Open the Excel file:
PORC-tool and save the
tool as PORC-tool.xIsm.

a. Change the

“Save as type”

from Excel

Workbook (*

.XxIsx) to Excel

Macro-Enabled

Workbook (*

xIsm).

If saving the

tool is not

possible yet,
ensure that the

Ensure that the most current version of Excel is opened.

il Save As

€« o1

> Dezepc » Documenten » Tool

Organiseren *  Nieuwe map

~ N
W Deze pe laam

28 3D-objecten
& Afbeeldingen
I Bureaublad
% Documenten
¥ Downloads
D Muziek

B video's

£.. Lokale schijf (C) ‘
v

File name: | PORC-tholasm
Save as type: Excel Macro-Enabled Workbook (*.xlsm)
abels

Auteurs:  Karlijn van Beekum

[ Save Thumbnail

A Hide Folders

Gewijzigd op

Een label toevoegen

Type

Cancel

macros are enables, by clicking “Enable Content”.

3) Open the tool on the second page

“Steps”.
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STEP 1

PROBLEM/INNOVATION

AIM: DISCUSSING THE PROBLEM OR INNOVATION FOR THE OR
PARTICIPANTS: THE INITIATOR

ESSENTIALS: INFORMATION ABOUT THE PROBLEM OR INNOVATION

1) A healthcare professional identifies a problem in the OR or discovers an innovation for
the OR.
a. “What is the problem? What kind of innovation are we considering?”

2) The HCP gathers background information about the topic (problem or innovation).
a. This can be by requesting more information at the developer of the innovation
or discussing the problems with the stakeholders of the OR.

3) The HCP informs the decision-makers about this topic.

STEP 2

CHOOSE RELATED DESCRIBING TERMS

AIM: DEFINING THE OBJECTIVES OR MEASUREMENTS FOR THE OPTIMISATION
PARTICIPANTS: MULTIPLE INVOLVED HEALTHCARE PROFESSIONALS (AT LEAST 3 PEOPLE)
ESSENTIALS: PAPER, PENCIL

1) The decision-makers plan a meeting to get informed about the topic.
a. Aslong as the decision-makers are interested or enthusiastic towards the
topic.
b. This can also be done by a report.

2) The group of HCPs discusses the topic.
a. The main goal of the topic should be stated.
b. The main measurement methods should be stated.

3) The group decides the main focus of their topic.
a. “What is the focus of this problem/innovation?”.
b. This can be an objective of or a metric for the performance optimisation of the

OR.
. . Participation
4) The group writes down words related to the main goal and Experience Cemand
the measurements to the topic.
a. Inthe figure is an example of the workflow. Satisfaction Knowledge
5) The group decides on the describing terms that are most Pressure Enjoyment
related to the problem or innovation. Stress Appreciation .
a. There is no maximum number of words; however, Workload

more words make the results of the tool less specific
and therefore less helpful.

STEP 3

SELECT TERM

AIM: CREATE INPUT FOR THE PORC-TOOL

PARTICIPANTS: MULTIPLE INVOLVED HEALTHCARE PROFESSIONALS (AT LEAST 3 PEOPLE)
ESSENTIALS: LIST OF TERMS OF THE TOOL
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1) Open page 6 “Terms definitions” from the PORC-tool.
a. Herein the description of all the input terms is presented.

2) Compare the describing terms that are most related to the problem or innovation to
the selecting terms from the list.
a. “What are the (most) related terms in the tool?”.
b. Search for the words, synonyms or correlating words.

3) Choosing selecting terms from the list.
a. The listis presented below (and the definitions of the terms at page 6).

Performance Terms

Accessibility, Care outcomes, Finance, Management, Patient (health)
condition, Quality-of-care, Resources, Safety, Satisfaction, Service, Staff
(health) condition, Surgical performance, Team

Objective
factor

Adequacy, Care outcomes, Decision-making, Environment, Operational
Objective performance, Patient satisfaction, Safety, Staff performance, Staff
characteristic  satisfaction, Surgical performance, Teamwork, Technology, Value-based
healthcare, Workload

Accessibility, Accreditation, Accuracy, Audit performance, Authority, Bed
utilisation, Behaviour, Care outcomes, Communication, Complexity,
Complication, Cost, Culture, Decision-making, Diagnose, Discharge,
Distribution equipment, Disturbance, Education, Environment, Equipment
type, Equipment utilisation, Equity, Ergonomics, Expertise, Hospital
capacity, hygiene, Idle time, Inventory, Investment, Length of stay,
Maintenance, Operational performance, OR block, OR design, OR time, OR
utilisation, Patient (health) condition, Patient flow, Patient satisfaction,
Pharmaceuticals, Policy, Profit, Readmission, Responsiveness, Revenue,
Safety, Savings, Schedule, Shift, Skill, Staff (health) condition, Staff
performance, Staff satisfaction, Start time, Stressors, Surgery duration,
Surgery efficiency, Surgery volume, Surgical performance, Survival, Team
structure, Teamwork, Technology, Treatment type, Trust, Waiting list,
Waste, Workforce, Workload

Metric factor

Accuracy, Anatomy, Anxiety, Authority, Bed utilisation, Behaviour,
Cancellation, Communication, Complexity, Complication, Delay,
Distribution equipment, Disturbance, Energy, Equipment, Equipment
inventory, Equity, Ergonomics, Expertise, Hospital capacity, Length of stay,

Metric Maintenance, Morbidity, Mortality, Nutrition, OR block, OR break, OR

characteristic  design, OR over time, OR time, OR utilisation, Patient satisfaction, Physical
work, Psychological condition, Responsiveness, Robustness, Sensory
factors, Shift, Skill, Sleep, Staff satisfaction, Start time, Stressors, Surgery
efficiency, Surgery volume, Task, Technology, Transparency, Treatment,
Turnover, Workforce
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4) Select the term on the third page “Objective and metric” at the right level; objective or
metric and factor or characteristic.
a. Select the drop-down at the
right level:

i. Objective factor: the
general terms for the
performance
optimisation of the OR.

ii. Objective characteristic:
a specification on the objective factor, elaboration on the topic.
iii. Metric factor: the general methods to measure the performance
optimisation of the OR.
iv. Metric characteristic: a specification on the metric factor itself,
elaboration on the topic.
b. Select the correct term in the drop-down.

Objective factor Objective characteristic Metric factor Metric characteristic
Clear filte

Clear fiter E ‘ Clear filter Ciear fifter

Objective characteristic Metric factor Metric characteristic.
wironment

I time

5) If a metric has been selected, select the metric also on the fourth page “Metric
causalities” at the right level.
a. Select the drop-down at the right level:
i. Cause-metric: the influencing metric.
ii. Result-metric: the metric that received the influence.
b. Select the correct term in the drop-down.

STEP 4
LIST OF RELATIONS

AIM: CREATING A LIST OF THE RELATIONS AND CAUSALITIES FROM THE SELECTED TERMS
PARTICIPANTS: HEALTHCARE PROFESSIONAL WHO IS PROFICIENT WITH EXCEL
ESSENTIALS: PORC-TOOL, PAPER, PENCIL

1) Create the list of relations by selecting the terms in the drop-down.
a. “What are the relations of those terms?”.

2) Copy the list of relations.
a. This can by hand, photograph or on the computer.

. . Objective factor Objective characteristic Metric factor Metric characteristic
3) Clear the list by putting all the N [ome == [oommer ]

Resources
Safety
Satisfaction

Service

Staff (health] condition

drop-downs on “Clear filter”
a. |If this does not work,
clear the list with e s
ALT+D+F+S i i e

Audit performance

Objective characteristic

Metric factor
Accessibility
Accuracy

Metric characteristic

Surgical performance

Safety Audit performance
Surgical performance Environment Audit performance

Finance Autharity

4) In case of a selected objective in step 3, identify the most related metric and perform
step 3.5

5) In case of multiple chosen words, perform step 3.4 and 3.5 again.
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STEP S5
DEFINE TARGET PERFORMANCE

AIM: STATING THE FOCUS OF THE REST OF THE DECISION-MAKING PROCESS
PARTICIPANTS: ALL INVOLVED HEALTHCARE PROFESSIONALS
ESSENTIALS: PAPER, PENCIL

The fifth step is to analyse these relations and define the target performance (box 5): The
suggestion is to notice the overlapping objectives and metrics and to discuss the results with
other professionals. With this analysis and the conversation, the targeted performance, which

is similar to the objective of the performance optimisation of the OR, or metrics should be
determined, including the related influences.

1) Create a clear overview of all the relations and causalities of the selected terms.

a. Incase of multiple terms, compare the  FTEr R T tle Result-metric

results with each other and search for [ Workioad ] [ Clear filter "

the overlapping objectives and metrics.
b. In case of a single term, determine the

. .
most |mportant relation. Workload Care outcomes

Workload Staff (health) condition

Workload

Surgical performance

Objective factor Objective characteristic Metric factor Metric characteristic

Clear filtar o | Clear filter . Workload ﬂ Clear filter .

Objective factor
Quality-of-care

Safety

staff (health) condition
Surgical performance
Surgical performance

Objective characteristic Metric factor
Waorkload
Warkload
Warkload

Staff performance Warkload
Warkload

Metric characteristic

2) Discuss the overview with the HCPs.
a. Letall the HCPs share their perspective on this topic.

3) Define the target performance

a. “What was the goal of this problem/innovation? Does this agree with the given
relations?”.

Often is this related to the overlapping objectives and metrics or the most
important relation.

c. Consider the causalities of the metrics, while defining the target performance.

STEP 6
INFORMATION FOR DECISION-MAKING

AIM: CONSIDERING THE HOLISTIC VIEW OF THE OR WHILE DECISION-MAKING
PARTICIPANTS: THE DECISION-MAKING HEALTHCARE PROFESSIONALS
ESSENTIALS: INFORMATION FROM THE PORC-TOOL

1) Holistic view.

a. At the end of this step, the HCPs should have a thorough understanding of the
influences of a problem or an innovation on (the optimisation of) the
performance of the OR.

b. The HCPs should be well-informed to make a decision.

2) Decide if the topic is worth discussing.
a. “Should we invest more time or money in researching this innovation?”.
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ENDING
DECISION-MAKING

AIM: DECIDE ON AN INNOVATION OR PROBLEM
PARTICIPANTS: THE DECISION-MAKING HEALTHCARE PROFESSIONALS
ESSENTIALS: HOLISTIC VIEW (OF THE OPTIMISATION) OF THE PERFORMANCE OF THE OR

1) Decision-making.
a. The tool itself does not provide all the information, the user should still think
rationally and critically to make sure to pick the correct terms (therefore the
suggestion is to perform this in a group) and to analyse the relations.

2) Implementation of the topic.
a. If the topic is purchased or more focus on development is agreed on, the
innovation can be implemented in research or in the OR.

3) Evaluation.

a. After the implementation, the innovation should be evaluated to discover its
value.
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Updating

)

The tool is developed in the computer software programme Excel, to make it available for all
the HCPs and easily updateable to the desires of the users. The update could be concerning
the appearance of the tool, or to the relations. Updating the appearance will not be discussed,
but below, updating the relations and causalities will be discussed.

UPDATE RELATIONS/CAUSALITIES
1) Open the tool as described in Step 0.

2) Determine the update that is required.

3) Open the correlating page in the PORC-tool.
a. Determine on what page this update should be.

4) Unhide all the information
on that page.

a. Select the whole
sheet by pressing
Ctrl + A.

b. Go to tabled
“Home”, select
“Format” and
select “Unhide Columns”.

5) Add the relation/causality at the bottom of the long list with relations/causalities.
a. This list is blue/white striped.

6) In case of adding a new term/new terms, at this to the to-be-selected terms.
a. Column H provides the to-be-selected terms.
b. Note: place the term with the right level, so the objective with the objective
factor and the metric with the metric factor.
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7) Save the Excel file as PORC-tool version X.
a. Change the “Save as type” from Excel Workbook (* .xIsx) to Excel Macro-
Enabled Workbook (* .xIsm).

8) Check if the relation/causality appears when a corresponding term is selected.
a. It does not matter what term of the relation is selected.
b. If not, check the steps above.

9) Hide the columns again.
a. Select the columns on the right side from the list.

b. Go to tabled “Home”, select “Format” and select “Unhide Columns”.

10) Save the Excel file as PORC-tool version X.

180



Appendix J Brochure

Who?

For medical professionals that would like
to improve the optimisation of the
performance of the OR and have been
interested in the consequences of their
decisions.

What?

A tool that helps counselling on the
optimisation of the performance of the OR
and indicates the effects of an
optimisation on this performance.

Where?

The operating centre of public medical
hospital.

When?

The tool can be used for identifying the
effects of a problem and for the
counselling of an optimisation.

Why?

This tool is developed to provide insight to
the optimisation decision-makers of the
OR on the different aspects of

performance and the effects of adjusting
an aspect.

Contact

Karlijn Eva van Beekum
+31612345678
PerformanceORcounsellingtool.com
kvanbeekum@tudelft.nl

Performance
Operating
Room
Counselling
(PORC-) tool

Figure Appendix 1: The foreground of the brochure for the PORC-tool in a trifold outline.
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The OR is becoming more and more
innovative by new innovations and
technologies. However, not all of those
innovations are leading to an improved total
performance.

The first guestion that raises right now is;
‘How can the performance of the OR be
defined?. From a study can be stated that
the objective of ‘the optimisation of the
performance of the OR’ consist of several
aspects. Those different objectives can all be
measured with one or several different
metrics.

Within this tool, the user can select a
desired objective or metric and can see the
relation to other metrics or objectives.
Besides that, the relations between the
metrics are also discribed.

This tool can help the medical professionals
of the OR to make a decision, based on the
insight of the desired performance and
consequences of an adjusted metric.

The tool does not provide any advice, but
provides information to the users to come
to the desired decision.

Problem/Innovation
@ We are considering a
problem or an innovation.

How can we describe this
situation?

Related terms

Considering the problem or

innovation, what kind of
@ terms are related to this

situation. This can be terms

that describe an objective or
metric.

Selecting terms in tool
Based on the choosen terms in step
2, there can be selected a term in

the tool, again this can be a objective
(factor/characteristic) or a metric
(factor/characteristic). The terms
that is closest related to the terms in
step two, should be selected. The

description of all the terms if given in
the appendix of the tool.

List

By selecting an objective or a metric, the
tool will provide a list with related metrics or
objectives of the performance. This listis a
global indication of the influence of all the

related metrics and objectives to the
selected term.

On the second page of the tool, the related
metrics of the selected metrics can be
found. These indicates the consequences of
adjusting one metrics.

Target performance

In this step the user is supposed to

determine the target performance

for the OR; the most important
@ performance objective that they

would like to change, based on the

counsel of the tool.

Whenever there are selected

multiple metrics, the most common

objective could be considered as the
main objective.

Decision-making

The tool has as goal to consel the
users, therefore the decision-
making should be performed by the
medical proffesionals. However the
metrics for the target performance
and the consequences of these
metrics should be taken in

consideration.

The PORC-tool with selected metric Staff satisfaction.

Figure Appendix 2: The background of the brochure for the PORC-tool in a trifold outline.
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Horizontal table with the relations between objectives and metrics

Appendix K
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