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Abstract 
 
Operating room performance is becoming more and more important for the hospital’s finance and 
the patient’s well-being. Thus, hospitals need to develop dashboards that can assess the actual 
performance of its core service, to be able to decide how to improve it. 
 
The point of this thesis is to build a common audit tool which can be used in regular hospitals. To 
build so, a literature review has been made, gathering all the relevant organizational and performance 
indicators. Since only a few of them need to be selected, a group of experts has been gathered via the 
Delphi method to decide which indicators to keep and which ones to reject, for the implementation 
in the tool.  
 
Out of forty-two indicators found in the literature, only fifteen will be considered and implemented 
into graphs. These graphs will form the preliminary audit from which hospital and consultants can 
base their performance assessment of the operating room, by pinpointing what their analysis should 
focus on. This tool has been tested in a real hospital to identify a few improvements that the tool 
requires and the few technical mistakes the tool possessed.  
 
The tool can save time for the consultants and for the hospital. Saving time in the healthcare sector 
ultimately means having more time for the patients, which, in the end, enhances their experience and 
well-being. It allows some flexibility as well and can be adapted even more to the needs of the studied 
hospitals. 
 
Moreover, compared to simple dashboards, this tool will give more useful indicators and help 
hospital’s management to take some decisions and reconsider others - again, for the best outcome for 
the patients. 
 
Key words: operating room performance, Delphi method, key performance indicators 
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Sammanfattning  
 
Operationssalens prestation blir mer och mer viktig för sjukhusets ekonomi och patienternas 
välmående. Därför behöver sjukhusen utveckla instrumentbrädor som kan utvärdera hur denna 
huvudtjänst presterar, för att sedan kunna bestämma hur man bäst förbättrar den.  
 
För att skapa ett sådant hjälpmedel har en litteraturöversikt gjorts för att samla alla relevanta 
indikatorer från organisationen och dess prestationer. Eftersom endast en bråkdel av dessa behövs så 
har en grupp med experter sållats ut genom Delphi-metoden; denna bestämde vilka indikatorer som 
borde behållas respektive avslås, för implementering i hjälpmedlet.  
 
Av fyrtiotvå indikatorer kommer endast femton att övervägas och implementeras i grafer. Dessa 
grafer kommer att skapa den preliminära revision från vilken sjukhus och konsulter kan basera sin 
prestationsutvärdering av operationssalarna; hjälpmedlet sätter fingret på vad analysen bör fokusera 
på. Detta hjälpmedel har prövats i ett riktigt sjukhus för att identifiera ett fåtal nödvändiga 
förbättringar, samt de få tekniska problem som hjälpmedlet hade.  
 
Detta hjälpmedel kan spara tid för sjukhus och konsulter. Visserligen skulle man kunna skapa en egen 
instrumentbräda, noga anpassad till det studerade sjukhuset, men då lär hjälpmedlet inte kunna 
användas i andra kontexter; man kan också använda ett mer komplext men detaljerat hjälpmedel, 
men detta kräver mer tid för att förstå hur den bör användas. I sjukvården innebär sparad tid att mer 
tid kan läggas på patienterna, vilket i slutändan förbättrar deras upplevelser och välmående.  
 
Dessutom kommer detta hjälpmedel, i jämförelse med enkla instrumentbrädor, att bidra med mer 
användbara indikatorer och hjälpa sjukhusets ledning att ta somliga beslut och omvärdera andra – 
än en gång för patienternas bästa.  
 
Nyckelord: prestation i operationssalar, Delphi-metoden, nyckelindikatorer för prestation 
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Introduction  
 

Context 
 
Nowadays governments are pushing hospitals to reinvent their management style and a few 
companies are ushering these facilities to meet their objectives. These companies are using their 
knowledge acquired from their numerous customers to provide hospitals a panel of services to 
support them in their transformation. 
 
For a long time, efficiency and performance were a taboo in hospitals or healthcare facilities: health 
professionals were supposed to treat patients, not to save money by applying corporate managerial 
techniques. But in recent years, health systems, payers, and governmentsg clinical and economic 
pressures and many challenges. How to maintain access and quality of care when global population, 
life expectancy, chronic diseases prevalence and global care costs increase?  
 
The operating room is one of the hard cores of hospitals. It is also one of the most complex 
environment with requirements for sterile area, flows, or equipment with many interactions with 
other hospital departments. However, with long standing habits, changes in its management can be 
challenging to apply and professionals are reluctant to follow. They need to be convinced with justified 
claims. Therefore, when it comes to rethinking the hospital management, the operating room is a key 
part. Moreover, optimizing an operating room has numerous positive effects on other services that 
are beneficial to the entire hospital. For instance, improving the patient experience in the operating 
room with a drop of the surgical times or an enhancement of the surgical method leading to an 
outpatient care which makes one bed free in the other services for more demanding patients. 
 
Changes in hospital management to improve the performance of its units, such as the operating room, 
are done with the help of consultants. They spend a few days on-field interviewing all types of 
paramedical and medical staff, observing an overview of how the operating room is running, 
pinpointing some dysfunctions and collecting data from previous surgeries to show some key 
performance indicators to quantify what they are noticing in the service.  
 
This combination of quantitative and qualitative data blended with the consultant’s experience leads 
to a list of actions that the operating room should follow if they want to enhance the quality of their 
cares and the economic performance of their surgeries. Some missions stop at this stage, but others 
will take place while the hospital is carrying these actions, with the support of the consulting company. 
 
Each hospital has a different background with its own specificities. Therefore, it is of paramount for 
the consultants to do different immersions in the services and conduct a qualitative assessment to 
grasp them. However, the quantitative part might not be too different from one hospital to another. 
Analyzing patient data from scratch can become tedious and time-consuming if it is necessary for 
every hospital in which the company is running a mission for.  
 
Is there a common ground for evaluating the performance of every operation room of a hospital? If 
so, what are the indicators that need to be implemented to list the actions needed to optimize the 
performance of the operating room?  
Would it be possible to build a preliminary analysis that will help the consultant to identify the various 
drawbacks of the operating room while sparing him the time to implement?  
 
The consultant’s experience will always be required to adapt these analyses to the hospital 
background, and will lead to further analysis where it is necessary for each hospital. 
 

Objective 
 
The main objective of this thesis is to design a tool for the analysis of the performance of the operating 
room that can be suitable for most of the regular hospitals and which can be used by consultants for 
their full performance audits. To do so, the followings must be done: 

- Understand the operating room performance and its complexities, 
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- Review and analyze the state-of-the-art of the existing tools to assess the hospital 
performance, and of the consensus methods, 

- Determining the key performance indicators needed for an efficient tool, 
- Implementing these indicators in a tool for a preliminary audit for typical hospitals, and 
- Validating the tool based on an audit of a real hospital with the tool. 

 

Structure of the report 
 
The first chapter details what is meant by operating room performance in the specialized literature. 
This chapter explains briefly what to know about this specific subject and the tools available today to 
assess its performance. It also provides a quick review of consensus methods which are used to 
determine which indicators are going to be implemented later in the work. 
 
Once the needed knowledge set, the methodology, used in this work, is explained in the second 
chapter. 
 
The third chapter presents the results from the Delphi method and the list of indicators which have 
been chosen, to implement the tool, which is explained in the fourth chapter. 
 
Then follow the results and the development of the tool, which are both linked. Indeed, the results of 
the consensus method provide information on the necessary indicators that will be implemented in 
the tool. 
 
The tool is applied to one real hospital to evaluate its work I, the fifth chapter. 
 
Finally, the sixth chapter gathers the benefits and the limits of the tool and the methodology used in 
this thesis. 
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1 – Background section 
 
This chapter provides a literature review done for the operating room performance, the state of the 
art performance tools, and the consensus methods, which will be needed for having a list of indicators 
shared by a certified group of experts on the performance subject. 

 

1.1 - Operating room performance 
 
Since the hospital is a complex environment, the first set of readings needs to focus on how a hospital 
is organized and especially the place of the operating room in it. 
 
Once hospital management in a broad sense presented, this thesis will focus on the operating room 
performance. The French National Agency ANAP (Agence Nationale d’Appui à la Performance) 
defines indicators and thresholds. Since it is the French reference, this thesis will be based on their 
definitions.  
 
A current review of the evaluation tools for the performance of the operating room will be drawn. This 
will show how deep this research subject is and how this thesis is part of it. 

 

1.1.1- The place of an operating room in a hospital 

 
Operating rooms are considered as a key element of a hospital: all the other services like beds, 
consultation, pharmacy, sterilization or even emergency are revolving around this single unit. Most 
of the most expensive procedures will be done in this facility. In France, hospitals being paid 
according to the number of procedures done previously, operating rooms are the money-maker of the 
healthcare facility. It is then important to really understand what is an operating room and how to 
manage it. 
 
An operating room is a highly secured and sterile place where surgical operations are performed. The 
diversity of procedures, the life-threatening emergencies, the panel of medical specialities gathered 
in the same place, the amount of different people hired to rule it, the safety procedures and the 
required and needed quality are some of the inputs to take into account and make an operating room 
difficult to manage (Buisson, Gunepin, & Levadouc, 2008). 

 

1.1.1.1 - The organization of an operating room 

 
Today, an operating room brings together most of the needed ressources: the human ressources 
(aneasthetists, nurses, caregivers, service agents, doctors, hospital porters, …), the material, and even 
sometimes the intensive care unit, the imaging service, and the sterilisation service. To make sure that 
all specialists are working together the rooms are normally designed for several specialties, making 
the operating room more flexible and easier to manage (Buisson, Gunepin, & Levadouc, 2008). 
Bonvoisin in (Bonvoisin F. , 2011) draws a simple version of the operating room hierarchy (Figure 1). 
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Figure 1 - A simple version of the operating room's organizational chart (Bonvoisin F. , 2011) 

On the top of the hierarchy, there is the hospital management and especially the director of care, a 
former nurse with at least ten years of experimence (with at least five years chief of the operating 
room) who attends a one-year specific formation to fully become part of the management. The 
director of care is in charge of the operating room performance and has to monitor performance 
indicators (see the part 1.1.2.3 - Key indicators for operating room performance) 
 
The operating room committee gathers most of the different occupational found in the operating 
room: a surgeon, an anaesthetist, the chief of the operating room and eventually members of the 
hospital management. This group of stakeholders will set the goals of the operating room according 
to the strategic plan of the hospital, the rules of the operating room, the performance analysis of the 
cares provided in the rooms and the monitoring of the working conditions of the staff. It is also the 
referee in case of a conflict between staff members. 
 
The chief of the operating room is a trained nurse that manages the operating room staff, the 
secretariat and the regulation committee. The chief of the operating room has several roles: to ensure 
that the operating room staff abide by the rules decided by the operating room committee, to order 
the planned surgeries, to define the planning of the paramedical staff, being sure that to ensure the 
quality and security norms are met, to develop the operating room projects and to coordinate the 
secretariat and the regulation committee. The secretariat deals with the patients’ appointments, the 
patient reports, and the regulation committee with the logistics tasks and the biological prelevements 
(Bonvoisin F. , 2011). 

 

1.1.1.2 -  The important steps in the operating room management 

 
In the operating room, the organization of the activities is not only based on the scheduling of the 
procedures but also on multiple other steps such as the planning stage in which the planning of the 
week is decided. 

 

1.1.1.2.1 -  Scheduling 

 
In the operating room, there are plenty of surgeons coming from different medical specialties. The 
planning stipulates how many hours a surgeon or a medical specialty should have for a week. It can 
be the same every week or it can change depending on the activity. This is important for the chief of 
the operating room to be able to provide enough material and human ressources to perform the 
planned surgeries (Buisson, Gunepin, & Levadouc, 2008). 
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To know the number of hours the surgeons or the specialties should have, a few different data should 
be taken into account (Buisson, Gunepin, & Levadouc, 2008), like the last year data to  measure the 
occupancy rate of the rooms, the facility project that describes the new technologies or surgeries the 
hospital wants to develop, the number of available beds in the hospital conditionning the number of 
patients it can welcome, and seasonal variations, like for example an increase of the activity of a 
hospital in the mountains in winter when there are more patients than usual or a drop of activity in 
summer in cities’ hospitals. 
 
This step can be difficult and especially without anyone feeling frustrated by the different choices. If 
the previous year, a surgeon has made twice as many procedures as the others, he/she will normally 
have twice as much time as them. Providing that time to a surgeon means taking this time to another. 
This can create conflictual situations that can be difficult to overcome with (Buisson, Gunepin, & 
Levadouc, 2008). It can be useful to have an external consulting company to audit the hospital with 
an external point of view and provide the conclusions without any conflict of interest.  

 

1.1.1.2.2 -  Programing 

 
Once this planning is done and established, patients will complete it. This is the part called 
programing. Two main functions are covered: the reception and transmission of the surgery data 
(planned or added procedures, emergencies, …), and the schedule of the procedure program, and 
especially the order of the procedures during the day. 
 
The operating room secretary takes all the future surgeries from indoors or outdoors doctors and 
writes down some key information. The secretary proposes an appointment no later than three weeks 
after to the patient to set when they need to come to the hospital. He/she sends then the convocation 
to the patient for the future surgery. 
 
The week before, the secretary gives a first version of the planning to the entrance and to the operating 
room managing staff. Surgeons can then look into the patient files in case of a special feature that 
needs to be taken into account. The day before the secretary sends a final version of the planning to 
the chief of the operating room. 
 
Between the different versions of the planning, patients can ask to be added or doctors to add someone 
and the secretary must register them in the planning and ensures that the operating room staff and 
the other units in the hospital are aware of the changes, and that will take the newly added patients 
into account. 
 
Following the reception of the planning of sugeries for the day after, the chief of the operating room 
will sequence them according to creteria such as human ressources, available material or patients 
themselves. Emergencies might appear at the last minute: the sequence should remain flexible. The 
chief of the operating room validates the planning, and sent it to the other operating room staff for 
the next day. 
 
Programing is a key job of the chief of the operating room and it can easily become complex if the 
planning is not flexible enough. The chief of the operating room has to be aware of different details 
about the operating room but also to have all the information about the patient, which is sometimes 
only known to doctors. Coordination between paramedical and medical staff is necessary for an 
effictive programing (Buisson, Gunepin, & Levadouc, 2008). 

 

1.1.1.2.3 - Possible reasons for a failure in the scheduling and programing steps 

 
Since these steps are human-dependent, it is not unlikely that a lack of coordination among the 
medical staff or a logisitical problem for the necessary equipment will cause troubles to the 
established planning.  
 
Among the most frequent exemples of complications throughout all the process, one can find 
(Bonvoisin F. , 2011) the delays, if not the complete absence, of the surgeon while the patient is already 
sleeping in the operating room, the discovery of an incomplete surgery set during the surgery, the lack 
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of bed in the intensive care unit even though it was planned weeks before, the lack of space in the 
recovery room due to a lack of follow-ups of patients from the anaesthetist, the oblivion or the delay 
of bringing the patient from the unit to the operating room, the choice between different patients 
added simultaneuously to the planning, postponing or canceling surgeries due to delayed results from 
the biological prelevement, the delay from the anaesthetist when sedating the patient, a dysfunction 
during the cleaning of the room, the shortage of staff which may close one or several operating rooms, 
a breakdown of a heavy material, or some logistics issues like an error when ordering some materials. 
 
These complications are very frequent and often due to the fact that a lot of different medical and 
paramedical staff are working together with a different logic and conception of how the operating 
room should be. It is therefore essential for them to fully collaborate with each other and sometimes 
to make concessions so that the most central part of the operating room management process will be 
done smoothly. 

 

1.1.2 - The evaluation of the performance of an operating room 

 

1.1.2.1 - The hospital, seen as a mid-sized company 

 
Since the beginning of the twentieth century, the heathcare system has changed and has become more 
and more expensive in the national expenses. While healthcare professionals were providing only a 
few classical surgeries at the beginning of the century, the after-wars dynamism enables the system 
to improve considerably: healthcare issurance development, a more extensive list of procedures, an 
easier access for the population to cares, the aging population, medical progress, … 
 
These improvements have a drawback, its costs. The more the healthcare system is getting perfected, 
the more it costs to the state to provide it. And, unfortunately, this cost is increasing faster than the 
gross national product. Most of the countries in the twentieth century have to save a higher share of 
their national expenses for health. While the average share of the gross national product to cover the 
population cares was around 4,1% in 1960 in the OECD countries, it went to 7,2% in 1980 (Schreiber 
& Poullier, 1987) and 8,5% (Scheiber, Poullier, & Greenwald, 1994) in the end of the twentieth 
century. Nowadays, we estimate this share of around 11% for France and 15% for the United States 
(Bonvoisin F. , 2011). This represents respectively €4,144.25 and $8,370.78 per inhabitant and per 
year. 
 
A few different reasons can explain this increasing health expenses and some are actually still debated 
(Bonvoisin F. , 2011) such as the aging population, which is the increasing of the population share of 
more than sixty-five years old and the fact that the average life expectancy of this category of age is 
increasing as well, a relation between the medical progress in terms of technology and the increasing 
expectancy of patients for the cares they will look for, and the pharmaceutical development which has 
their share in the increasing care quality, especially with the continuous supply of new medicines. 
 
In this particular context, the healthcare sector needs to structure themselves in another way to 
withstand these continuous increasing expenses. This work can be challenging and will not be further 
developped in the case of this thesis, in which mostly hospitals and operating rooms, the core of health 
cares, will be detailed 
 
Performance in hospitals is not a new trend. While it was referring to qualify the results of medical 
treatments, the hospital staff uses it now to describe the overall quality of care provisions (cares 
quality, treatment offer management, medical practices, care process, information system, 
stakeholder satisfaction, economic and financial environment, …). More and more hospitals are seen 
as mid-sized companies to integrate these new corporate cultures to produce cares with the same 
quality, if not better while managing the costs and reducing the waiting times (Chaabane, et al., 2003). 
 
Specifically in health care, assessing the performance of the operating room is of paramount. It is the 
most expensive unit in most of the hospitals with expenses around 10% of the total budget (Macario, 
Vitez, Dunn, & McDonald, 1995) with deep and complex needs of human and material ressources. 
Any improvement of the operating room will have a significant effect on the total budget of the facility. 
Moreover, the operating room is the center of the hospital with multiple connexions with other units 
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which can be medical or technical. Creating a change in the operating room will have an effect on 
most of the other units of the hospital which need to be transformed (Saadani, Guinet, & Chaabane, 
2006). As Bonvoisin said (translated from French from (Bonvoisin F. , 2003)): “the control of 
processes which happen in the operating room goes beyond this framework and the reengineering 
needs to be part of a complete reorganization of the patient pathway in the healthcare facility. Indeed, 
several studies show that perturbations happen mostly before (incomplete medical assessment before 
the operation, unavailable surgery materials, …) or after (not enough space in the services to welcome 
the patient who just underwent a surgery) the operating room phase while the overall disorganization 
is attributed to the latter”.  

 

1.1.2.2 - ANAP: the French institutional reference for operating room performance 

 
In order to face these enconomical changes, the French state created a few institutions whose missions 
were to assist hospitals to drive their performance. Before 2009, three of them were working 
separately on different topics. 
 
GMSIH (in English, Committee for the modernization of hospitals’ information system) was didacted 
to express the needs of hospitals regarding information system. Created in 2000, they were publishing 
baselines and training hospitals how to reach them, so the hospitals’ information systems were secure 
and enhancing the patient experience. 
 
MAINH (in English, National mission to support hospital investment) was helping to elaborate the 
legal, technical and financial framework of national programs, to follow them up and to evaluate 
them. They were facilitating the realisation and utilization of new legal and financial tools and offering 
a methodological support for managing resultant investments and costs. 
 
MeaH (in English, National mission of expertise and hospital audits) was focused on the hospital 
organisation and was striving to enhance the service quality, the economical efficiency and the work 
conditions in hospitals. 
 
In 2009, these three institutions merged into one called ANAP (in English, National agency of 
performance support) which is federating their experiences and skills (ANAP, 2017). 

 
The main goal of this agency is to: “help healthcare facilities to enhance the service given to the 
patients and users, by elaborating and spreading recommendations and tools by which they follow up 
the monitoring of the implementation, enabling them to modernize their management, to optimize 
their property assets, and to follow and enhance their performance, in order to control their expenses. 
For this purpose and in the frame of their work, the agency can proceed or employ someone to proceed 
to management and organisational audits for all the activities of healthcare facilities” (French Public 
Health Code). 
 
In a nutshell, their main missions are (ANAP, 2017) to build and spread tools and services enabling 
healthcare facilities to enhance the performance and the quality of services given to the patients and 
users, to support and to assist the facilities for internal reorganizations, turnarounds, property asset 
management or reassembling projects, to assess, and to audit hospital projects and especially in the 
real-estate and information system matter, to steer and to audit the management on hospitals’ 
performance, to support the ARS (in English, Regional health agencies) in their mission of operational 
steering and of enhancing hospitals’ performance, and to support the central administration in its 
mission of strategic steering of the treatment offer.  

 

1.1.2.3 - Key indicators for operating room performance 

 

1.1.2.3.1 – Definition of a key performance indicator 

 
Assessing operating room performance requires putting numbers on the operating room 
management to see the evolution in time internally and to compare against established best practices 
in other hospitals externally. Thus the definition of indicators is important to start with. They should 
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be based on data which are readily available or measurable in hospitals. 
 
An indicator should answer four characteristics (Bounekkar & Lamure, 2004). It is a variable which 
describes a situation or an evolution quantitatively. It makes sense only if there is a clear definition of 
its meaning and its scope. The application scope depends largely on the goal the user wants to reach. 
Finally, it should answer, partly or entirely, a question. 
 
However, this can be a lot more complicated than it seems. First of all, there are variations among 
hospitals in terms of available data, especially depending on how advanced the information system of 
the hospital is, and what is understood when speaking of a specific indicator. Two hospitals may 
intend to measure the same indicator but come up with a different method and understanding which 
will create a different indicator in the end. Finally, a diverse group of stakeholders works in an 
operating room and every single one of them has a different point of view of how the operating room 
should work. It is then often difficult to come up with a consensus on which indicators are important 
to use in a given hospital: a member of the hospital administration will look at the performance in 
function of the budget while a surgeon will be focused on on-time starts, rapid turnovers and fewer 
cancellations (Fixler & G. Wright, 2012). 
 
T. Fixler and J. G. Wright (Fixler & G. Wright, 2012) asked fifteen children’s hospitals to rank what 
are the most important indicators they wanted to follow. They gathered eight different indicators and 
for each of them found differences of definition among hospitals. As an example, they have detailed 
these differences for the real occupation time span (see the section 1.1.2.3.2 - The most common 
indicators). As a common definition, this indicator measures the pourcentage of operating room time 
span used against what was allocated to surgeons for patient care. For this single indicator, they have 
listed four different ways of measuring it in the specialized literature and among surveyed hospitals. 
One can use the prime-time use to measure only during regular elective hours or the non-prime-time 
use for outside them. Some use the raw use measuring when a patient is effectively in a room and 
others measure adjusted use which includes time for clean-up and set-up time between procedures.  
 
These differences can be found as well for the seven others indicators, proving how tedious it can be 
to find a consensus to assess operating room performance. As a conclusion of their work, they were 
asking for professional associations to gather and define common indicators and definitions which 
would be shared by all healthcare professionals in hospitals. In France, the agency ANAP previously 
introduced is, among other things, responsible for this particular work. 

 

1.1.2.3.2 - The most common indicators 

 
As said previously, it is difficult to find a set of indicators which can be used by all hospitals to assess 
their operating room performance. It is actually one of the main problems when it comes to 
automatize the process, one of the main purposes of this thesis. While such a tool cannot be used to 
fully analyze the operating room performance and its specialties, it can at least provide most common 
and regularly used analyses, saving some time for the user. 
 
However, there are such things as common indicators: they are used by everyone and for every 
operating room performance cases. Their definition might still differ from one user to another. In this 
section, they have been defined by the ANAP to have at least a French consensus on these widespread 
indicators (ANAP, 2016). They will appear multiple times throughout this thesis and the definitions 
below will be applied.  

 

 Reference opening time span 
 
In order to have an idea of how many hours an operating room should open its rooms with a proper 
activity, one may need to have a reference time span indicating how much time the room should be 
opened at most. ANAP says that the maximum capacity of one room is 54 hours per week, which 
means 10 hours a day and 4 hours on Saturdays.  
 
This indicator is only a reference and one on the upper limit. If there is not enough activity to maintain 
the room open that many hours, it is pointless not to try to open it accordingly. Having a room open 
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means having paramedical human resources available, so money spent on their salaries. If there is no 
activity, this money is used for nothing. This indicator is just a reference to have in mind to know if 
the hospital is opening a lot or not its operating room. 

 

Opening time span 

 
An operating room is working with a planning with different time slots allocated to different medical 
specialties in the week. The opening time span is the sum of all the time span of these slots in the 
week. 
 
As an example, figure 2 depicts an example of an operating room planning with all the different time 
slots in a week. This example is fictive and represents only one single room. A planning, like in figure 
2, needs to be done for each room in the operating room. Moreover, sometimes a planning can be the 
same every week, sometimes it will change from a week to another. 

 

 
Figure 2 - An example of operating room planning 

Table 1 spells out the calculation of the total opening time span for each days of the week or each 
medical specialty. It may be important to consider these two different points of view for further 
calculations. It will depend on what the analysis wants to focus on. As a result of this example, the 
total opening time span is about forty-one hours per week. 
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Day Opening time 
span 

 Medical 
specialties 

Opening time 
span 

Monday 8:00  Cardiology 8:00 

Tuesday 9:00  Thorax 4:00 

Wednesday 8:00  Gynecology 8:00 

Thursday 9:00  Urology 5:00 

Friday 7:00  Ophtalmology 2:00 

Total 41:00  ORL 2:00 

  Orthopaedic 9:00 

  GI tract 3:00 

   Total 41:00 

Table 1 – Breakdown of the opening time span in the week and for medical specialties 

The calculation of the opening time span seems simple but may easily become difficult. To be sure the 
analysis is taking into account the specificities of the hospital, the planning needs to be checked by 
the hospital human resources and by the chief of the operating room. As examples, one can think of 
the thirty minutes delay at the beginning of the program to prepare the room, the fifteen minutes 
before the end to sort out the room after the last surgery, thirty minutes of lunch break in case of a 
continuous time slot from the morning to the afternoon, or a medical meeting of thirty minutes on 
the same day of the week every weeks. Usually, all of these specificities are not explicit on the planning 
and should be carefully taken care of, by talking with representatives of the operating room. 

 
Opening rate 

 
As a result, the opening rate can be defined as below: 
 

𝑂𝑝𝑒𝑛𝑖𝑛𝑔 𝑟𝑎𝑡𝑒 =  
𝑂𝑝𝑒𝑛𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 𝑠𝑝𝑎𝑛 

𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑜𝑝𝑒𝑛𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 𝑠𝑝𝑎𝑛
 

 
This rate can give an indication of how large the opening time slots are compared to the ANAP’s 
reference point. When the operating room is further analyzed, this rate can give an input about the 
possibility of increasing or not the time slots in case of too much activity or if they are already too 
large in the opposite situation. This might be applied to each room if the reference is of fifty-four 
hours or for the operating room in general with the reference multiplied by the number of rooms 
which are composing the hospital. 

 

Real occupation time span of the room 

 
The real objective of an operating room is to maximize the occupation of these previously defined time 
slots and to avoid to operate outside of these slots, besides emergencies. That is why it is important 
to have the total time span during which the rooms are actually used for what they were meant to.  
 
The literature gives different definitions of this time span as explained in the part 1.1.2.3.1 – Definition 
of a key performance indicator. For what will be considered in this thesis, only the time span during 
when a patient is in the room (and not only during when the patient is under surgery) and the period 
during when the room is cleaned is part of this real occupation time span. Moreover, this time should 
only be assessed within a time slot defined before, otherwise, it is called overtime or round-the-clock 
care and it will be defined further below. Table 2 shows an example of a fictive patient data which can 
be usually extracted from the operating room software for follow-up. 
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 Wheels-in 
time 

Knife-to-skin 
time 

Final stitch 
time 

Wheels-out 
time 

Patient X 10:04 10:17 10:49 10:59 
Table 2 - Example of a fictive patient X 

According to the ANAP’s definition, what is really important is the time when the patient gets into 
and gets out of the room. So, in the example above, only “10:04” and “10:59” are important.  
However, this is not enough since the cleaning is part of the real occupation time span. One can record 
it directly just after the surgery or use reference time spans given by the ANAP : 

- If the surgery in itself lasts more than thirty minutes (here, in the example above, only “10:17” 
and “10:49” are considered), ten minutes of cleaning are needed. 

- If not, five minutes are enough. 
The patient X needs then ten minutes of cleaning since the surgery has lasted thirty-two minutes. 
 
According to this definition, the real occupation time span of this surgery is : 

10: 59 − 10: 04 + 0: 10 =  1: 05 
 
For this calculation, it was assumed that this surgery was made during an opened time slot of the 
opening room planning as the definition requires it. If it was not the case, this time span will not be 
considered as such. 

 

Occupancy rate 

 
Like the opening rate, one can define the occupancy rate as follow: 
 

𝑂𝑐𝑐𝑢𝑝𝑎𝑛𝑐𝑦 𝑟𝑎𝑡𝑒 =  
𝑅𝑒𝑎𝑙 𝑜𝑐𝑐𝑢𝑝𝑎𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒 𝑠𝑝𝑎𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑟𝑜𝑜𝑚

𝑂𝑝𝑒𝑛𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 𝑠𝑝𝑎𝑛
 

 
This indicator is of paramount when it comes to assess the operating room performance because it 
puts through the chosen opening of a room according to the planning (the total time span during 
which paramedical human resources are paid) with the activity of the operating room (the amount of 
time during when a patient is under surgery, so during when the room is really used). It can also be 
compared to the opening rate to relate the time slots with the activity and see if the opening room is 
opened too much according to its activity, or vice-versa. 
 
This rate should be processed consistently. If the analyst wants to assess the occupancy rate of all the 
rooms in the operating room for a week, then he/she needs to assess the total opening time span and 
the real occupation span accordingly. It is the same thing if one wants to measure the occupancy rate 
of all the different medical specialties or only focuses on one particular day in the week. 
 
As a reference, the ANAP sets a target which should be reached by hospitals: 85%. It could be 
surprising at first but having 100% of occupancy rate is extremely difficult and can threaten the 
organization of the operating room. Setting the target to 85% means that when the chief of the 
operating room will plan the planning of the week with surgeries, he/she will aim to plan 85% of the 
whole planning. He/she will deliberately leave some time free when no patient is in the room in case 
of unplanned addings at the last minute, the life-threatening emergencies. If the planning is already 
fulled, these emergencies will take the place of other planned surgeries and the latter will be done 
outside of the opening time slot, so eventually extra paid hours of paramedical staff. 85% enables the 
operating room to have some flexibilities while being occupied enough to monetize the rooms. 

 

Overtime and round-the-clock care 

 
During the week or the weekend and before, after or during the opening time slots described earlier, 
unplanned surgeries can occur. They can happen because an emergency needs to be done immediately 
during the night or weekend or because the surgery was planed in the program but lasted a little bit 
longer and cannot be finished in time. The latter is called overtime and is sometimes a cause or a 
result of disorganization, while the first one is a round-the-clock care and is normal in hospital.  
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The definition of an overtime is not shared by everyone and is still debated in the literature, and 
especially when it comes to separate it from round-the-clock cares. To simplify, this thesis will stick 
to the ANAP’s definition. 
 
First of all, overtimes are only considered when it is done outside opening time slots and within an 
hour before and after the first and last time slot of a day. In the example in figure 2, on Mondays, 
overtimes will happen between 7 and 8 a.m., 12 p.m. and 1 a.m. and between 4 and 5 p.m. What is 
done before 7 a.m. and after 5 p.m. will not be considered as overtimes, but round-the-clock cares. 
 
Thus overtimes are the total time span during when a patient is under surgery or the room cleaned 
outside a planed time slot but within this additional hour. figure 3 gives examples of part of surgeries 
considered as overtime and other as round-the-clock cares. 

 

 
Figure 3 - Difference between overtime and round-the-clock care 

Overtime rate 

 
As defined for the occupancy rate, an overtime rate is simply: 
 

𝑂𝑣𝑒𝑟𝑡𝑖𝑚𝑒 𝑟𝑎𝑡𝑒 =  
𝑂𝑣𝑒𝑟𝑡𝑖𝑚𝑒 𝑠𝑝𝑎𝑛

𝑂𝑝𝑒𝑛𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 𝑠𝑝𝑎𝑛
 

 
The remark on the consistency of the calculation of the occupancy rate is valid as well for the overtime 
rate. 
 
Due to emergencies, it is difficult to have not a single overtime. However, it should be minimized 
below 5%, as a reference point set by the ANAP. When operating room performance is discussed, a 
first macroscopic look is to assess the occupancy rate and the overtime rate and to compare it to the 
85%/5% reference point. 

 

First-case delay 

 
The first surgery on a time slot almost never starts on time, sharply. They can begin a little bit before 
if the room is ready or a little bit after. As long as the average start is more or less matching with the 
beginning of the time slot, the operating room is managing their start. But it may happen, sometimes, 
that the first patient comes in the room with more delays than that. If it is something which is 
happening a lot it can become an issue which needs to be tackled. The first-case delay is assessing this 
by measuring the total delay of first patients. A rate can be calculated if divided by the consistent 
opening time span. If this rate is too big, a qualitative study must be done in order to pinpoint the 
causes and find a way to solve them. 
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Early end of program 

 
As it can happen at the beginning of a time slot, it may as well at the end. An early end of the program 
is the time span between when the last patient leaves the operating room and the end of the time slot. 
It is difficult to be sharp on time and not to do neither any overtime nor any early end but it may as 
well be an issue if these early ends become too important and frequent. A rate can be also calculated, 
the same way as the first-case delay rate. 

 

1.1.2.3.3 - A list of other indicators found in the literature 

 
Appendix B gives a few other indicators found in the literature for the operating room performance. 
The definition is unchanged from the literature, with some inaccuracies or vagueness for some of 
them which can already be noticed. 
 
Some of the literature use these indicators and combine them to propose a scoring system which puts 
a grade on the hospital. The main advantage of this system is to have a stardardize way of assessing 
operating room performance. Hospitals can then be easily benchmarked against each other. The 
drawback of this method is to find a consensus of professionals which support these indicators and 
the scoring given accordingly. If it is not reached, people will not accept the final result and the scoring 
system becomes pointless.  
 
In (Macario, A., 2006) they use data which are readily available in the hosital to delay on-site 
consultant utilization. They propose the table in Table 3 below. In this example, hospitals get a grade 
over sixteen and hospitals above thirteen are state-of-the-art organization while the ones which have 
less than five are doing poorly.  

 

 
Table 3 – Scoring table to assess the operating room performance (Macario, A., 2006) 

1.2 - Existing tools to assess the hospital performance 
 

1.2.1. - Assessing operating room performance in hospital 

 
Nowadays, the operating room management is aware of this performance optimization. They are 
looking forward to knowing their occupancy rate and some common indicators to focus on where they 
have a progress margin, and more generally to monitor the operating room and to identify some 
dysfunctions. It can as well see if the available resources and the actual activity are matching. 
Therefore, more and more hospitals have a simple dashboard which can give them a first estimation 
of their indicators and a few visualizations of their evolution. It is usually far from being complete and 
perfect, but they can still react quickly if a non-negligible decrease in their performance is happening.  
 
On the other hand, a lot of consultancy enterprises have applied and developed the lean management, 
or other methods from the industry sector, to the health sector and especially in hospitals. Indeed, 
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hospitals can be summed up to flows like any factories. Mostly from engineering or business schools 
where lean management is taught, they are hired by hospitals to assess their performance for them. 
They go a lot deeper in the performance analysis than the hospital can do with their quick analysis. 
With their experience and their external point of view, they conduct data analysis, interviews, and 
meetings with all the stakeholders in hospitals. With this analysis, they pinpoint disorganizing 
elements in the operating room management and establish a list of actions the hospital needs to take. 
They may or may not, in the case of short missions, support the staff in implementing some of these 
actions. 
 
During the data crushing phase, some of the analysis is always the same no matter which hospitals 
are studied. They could be basic like measuring the occupancy rate or some of the basic indicators 
introduced before, or more complicated but as important such as focusing on some procedures and 
seeing how fast or slow the hospital is currently doing, benchmarked with comparable hospitals. 
Having an automatized tool, which has a consensus in its hypotheses and indicators, will save time 
for consultants and hospital staff, and gives a quick look at the operating room performance and 
where they really need to focus on, digging out the important issues. 

 

1.2.2 - Hospitals’ internal performance dashboards 

 
These dashboards dedicated to the operating rooms are answering two needs (ANAP, 2016). It 
provides the hospital’s management a global overview of the hospital’s performance, and the 
operating room management staff more detailed indicators. 
 
Hospitals usually manage to have the first one but with difficulty for the latter one, since they might 
be difficult to assess and to implement.  
 
Figure 4 draws a list of features the dashboard needs to fulfil. It is of paramount that the dashboard 
is implemented regarding what the hospital needs and what they want to follow regularly. If not, some 
stakeholders will not accept the results provided by this tool and improvements will not be done 
properly, if not at all. When a hospital wants to build a dashboard, they need to gather all the 
stakeholders of this new project and take the time to make everyone agree on all the characteristics of 
the dashboard. Today this might be the reason why there is no standard dashboard for all the hospitals 
which has been developed.  

 

 
Figure 4 - Features of operating room performance dashboard (W. Park, Smaltz, McFadden, & Souba, 2010) 

As an example, (W. Park, Smaltz, McFadden, & Souba, 2010) gives a screenshot of Ohio State 
University Medical Center’s dashboard in figure 5. On the left is a menu of dashboards that can be 
accessed with a password for the security of information. In addition to operating room metrics, the 
menu contains quality metrics and patient satisfaction metrics among others. 
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Figure 5 - Example of dashboard at Ohio State University Medical Center (W. Park, Smaltz, McFadden, & 

Souba, 2010) 

1.2.3 - ANAP’s self-diagnostic tool 
 
In 2016, the French agency had developed quantitative and qualitative tools which aimed to enable 
operating rooms to assess their own performance (ANAP, 2016). This initiative has not yet been found 
in another country, on a public sphere. The private consulting company might have their own tools 
they can deploy for their customers. 

 

1.2.3.1 - Qualitative tool 

 
The qualitative tool allows health professionals to produce a qualitative diagnosis of the operating 
room management, to identify the main strengths and improvement points, to benchmark with state-
of-the-art management practices and to start elaborating their list of actions. They survey the actual 
organization of the operating room around six different axes: scheduling, programming, human 
resources management, regulation and supervision, management and steering, and care security. 
 
As an example, for scheduling, ANAP is asking for eleven statements such as “the rooms can be 
dedicated to different medical specialties over time to maximize the occupancy rate (apart from sepsis 
constraints or materials installed in a particular room)”, “no room is given to a doctor specifically”, 
and “surgeons of the same medical specialty organize themselves to have at least one of them available 
for the time slot dedicated to their medical specialty.” These questions are state-of-the-art 
management issues and, if a hospital agrees with all the statements, it would mean that they have a 
perfect organization. 
 
After completing the whole survey, ANAP can provide a few different visualizations like the ones 
presented in figure 6, figure 7 and table 4. The hospital can then compare their results with other ones 
which have completed the same survey. 
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Figure 6 - A jauge result for the part "Scheduling” (“Planification opératoire”) (“Faible” = “Poor”, “Moyen” = 

“Medium”, “Fort” = “Great”) 

 

 
Figure 7 - A radar result for the whole survey (the names in French are the different parts of the survey ex. 

“Planification opératoire” = “Scheduling”) 

 
Table 4 - A list of actions according to the answers to the survey for the six different parts (in French) 

1.2.3.2 - Quantitative tool 

 
A quantitative tool is completing the previous one by analyzing the previous activity of the hospital to 
visualize some indicators, on Microsoft Excel. The tool is asking for the human resources planning, 
the opening time span of the rooms and the list of surgeries. The figure 8 and figure 9 are showing 
two examples of the graphs this tool is calculating. 
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Figure 8 - Calculation of different indicators (occupancy rate, first-start delay, early end of program, overtime 

rate, ...) per room 

 

 
Figure 9 - Breakdown of the real occupancy and opening time span over a day 

This tool looks complete and perfect for a standard one for analyzing the operating room performance. 
However, because it is too complete and the ANAP tried to cover as many indicators and particular 
cases as possible, there is no hospital which is actually using it. Even for consultants whose jobs are 
to analyze hospital performance, it takes a minimum of half a day to have some of the graphs done 
because data need to be bent to the layout of the Microsoft Excel and its lack of ergonomics. Bending 
the data to fit the format of the tool is something that a tool cannot avoid. However, the developer 
needs to strive to reduce this sunk time as much as possible. Moreover, it is difficult for an untrained 
person to this performance approach to know where to look and to link indicators between each other. 
It is though a nice approach and this type of work might become needed to assist hospitals in the 
future since it can save a lot of time to consultants and hospitals. 
 

1.2.4 – A need for an automatized tool assessing operating room performance 
 
As seen before, scheduling and programing are key steps for operating room management. The chief 
of the operating room has a unique role and having an efficient system will more likely conduct to a 
well-managed operating room. However, anything can disrupt these steps and create a disorganizing 
element in a planning done in advance and which needs to be perfect. 
 
To measure how an operating room is currently managed, the consultant/analyst can use previous 
patient data and human resources planning to implement indicators which directly show its 
performance. He/she needs to be careful though to choose the right ones and to think through their 
definitions. Depending on what people want to assess, they might need a definition or another one. 
The everlasting debate on some of them makes difficult to automatize a standard tool which can assess 
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all the hospitals in the world. 
 
Even though, some private companies are trying to build these tools by being as complete as possible, 
like the ANAP’s tools. These tools are doing their job, but at the expense of a lot of time spent to 
implement data into the software which can frighten hospital professionals. What hospital’s operating 
room management has today is a simple dashboard with which they can visualize the evolution of 
their performance enabling them to react quickly in the case of a significant issue. However, they 
remain simple and mostly depict only the occupancy and overtime rates. 
 
There is room between these two extremes for an ergonomic tool which can draw a few selected 
visualizations or indicators which are needed and still informative for the hospitals to know. This way, 
hospitals will be able to pinpoint where the analysis needs to be conducted deeper and where issues 
are occurring in the operating room management process. This is what this thesis is about and, 
besides the developing part, a crucial step will be to find these deeply needed and specific 
indicators/visualizations. 

 
 

1.3 - Consensus methods 
 
As already said, this thesis needs to focus on a small part of indicators or graphs to have a tool easily 
usable, even for people who are not experts in using them. However, Table 11 in appendix B and the 
part 1.1.2.3.2 - The most common indicators introduce too many indicators to be all part of this tool: 
they need to be narrowed down to the needed ones which enable to see where a deeper analysis is 
required. 
 
To do so, a consensus must be reached. The results will be then accepted by a larger set of people and 
everyone will agree on which indicators will be built the corrective actions for the drawbacks of the 
operating room performance. 
 
A large panel of scientific papers have been used to complete Table 11 and, even if some indicators are 
quoted in all of them, some are only once, in one paper. Yet it does not mean that these single-quoted 
indicators are less interesting than the others and that they should not be part of the tool. They must 
be questioned like the others. 
 
This issue with the consensus may happen to a large diversity of research fields and to build an 
institutionalized method to reach one is a research field. A few consensus methods have been 
developed. 

 

1.3.1 - Brainstorming 

 
Brainstorming is the most common and spread technique to make people think about one subject. 
There are different ways and rules to do it but mainly people are gathered in the same room and they 
try to provide a list of as many ideas as they can on one subject. It is Osborn, someone working in an 
advertisement company, who first implemented it. According to him, there are four basic guidelines 
to follow (G. Isaken, 1998). 
During the brainstorming phase, only ideas should be put forward. If someone disagrees and want to 
discuss one of them, he/she needs to withhold his/her judgement for later. 
There is no censorship on how out-of-the-box an idea could be. Some people even think that the 
crazier, the better. 
There is no limit on the number of ideas. It is more likely to find a good one if they are a lot to choose 
from. 
Some ideas might be joined into another one or some people may think of a better idea while thinking 
about the one said before. 
 
The animator of the brainstorming session might think of a special way to animate his/her sessions. 
Some are using papers on which people are writing their ideas before or during the meeting (Moriou, 
2013), some are starting with an embarrassing story from the participants (Thompson, 2017), or 
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simply letting anyone speak freely. 
 
While this technique is used by nearly all the company and taught in all the university in the world, 
critics and science say that brainstorming is not applicable to every purpose. Initially, this was 
developed for creativity, advertisement, while now people are using it for every question they might 
have. Olivier Sibony in (Périnel, 2017) said that brainstorming is used worldwide because of its funny 
side, even though this technique has three limits such as the competition for the speaking time, self-
censorship for crazy ideas and the laziness of “stowaways”. 

 

1.3.2 - Nominal group technique 

 
The nominal group technique is a structured consensus method for small-group discussion. 
Compared to the brainstorming technique discussed earlier, each person is asked individually to 
answer the question (A. Sample, 1984) & (ETA, 2006). 
 
If needed, the group is divided into small subgroups of five to six people and the moderator asks each 
participant to answer a question and to generate ideas on their own. Then, each subgroup collects 
their ideas in a round-robin fashion (one per person at a time) and records them with key-words. No 
criticism is allowed but clarification might be asked.  
 
Each person will then individually evaluate all the generated ideas and anonymously vote for the best 
ones. Votes are shared and tabulated in a report showing which ideas got the best score. If different 
groups have been created, they present each other these elected ideas. 
 
This technique can be useful when it comes to generating ideas from people who are shy or with people 
who are speaking loudly. However, there might not have any convergence of ideas in the process and 
some think this method is too mechanical to be efficient for an idea generation (A. Sample, 1984). 

 
1.3.3 - Consensus conferences 

 
A consensus conference tries to emerge areas of agreement and disagreement in the target 
community. This has been used in the health sector for a new diagnostic procedure, a therapeutic 
strategy or about the organization of the health system (Bourrée, Michel, & Rachid Salmi, 2008). Its 
goal is to synthesize the knowledge for decision helps. 
 
The promotor, often a learned society or a public institution, defines the theme and provides the 
financial means for the consensus conference.  
 
The organization committee is responsible for the overall process and its good performance. It hires 
the jury, chooses the president, prepares and sets intermediary meetings, hires qualified experts, 
establishes the communication for a press covering and organizes a public press conference. 
 
The jury is multidisciplinary and multi-professional, composed of eight to sixteen people, chosen (for 
health sector) among doctors, researchers, healthcare professionals, methodologists, ethic, economic 
and legislative representatives, ill people associations, … A literature review is given to them by a 
bibliographic group.  
 
The expert group is composed of twelve to fifteen people and is chosen by the organization committee. 
They must answer, during the public press committee, the jury’s questions which have been known 
before the conference. 
 
This final conference is the conclusion of the method and is composed of three steps: the jury asking 
questions to the experts, the experts answering them and the public asking complementary questions 
to the experts. The jury will then gather to state independent and objective recommendations. 
 
Even though complete and scientific, this method is complex and cannot be used for every question 
which requires a consensus. However, this method can be suitable for a public dialogue and has been 
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used in Denmark several times (Bourrée, Michel, & Rachid Salmi, 2008). 

 

1.3.4 - RAND / UCLA method 

 
This method is a variation of the nominal group technique, whose goals are to identify points of 
agreement, bases of future recommendation and points of disagreement.  
 
This method is composed of different steps (Bourrée, Michel, & Rachid Salmi, 2008). 
First, the promoter chooses the theme and starts the realization of the method. The organization 
committee will then define and precise the theme and the principal addressed subjects, thanks to a 
literature review, and nominate the experts. These experts will validate the principal addressed 
subjects and spreads them between subgroups of experts. Each subgroup works alone and does the 
analysis, the literature review writes a summary and produces a list of recommendation proposals, 
for the final global document. 
 
The expert group writes the global document according to what have written the subgroups of experts. 
At this stage, they mostly look at the phrasing and the redundancy between subgroups. The document 
is then sent to all the experts for a scoring with a method discussed earlier and agreed by all the 
experts. The analysis of the scoring is done with the median and the dispersion of the scores for each 
recommendation. Depending on the scoring system and the results, the recommendation is kept, 
dismissed or questioned. The experts know the overall answers of the scoring and with the pros and 
cons. They are free to change their minds. The experts are asked a third time to identify, with the 
second scoring, which recommendations to keep, dismiss or question. They can vote and change their 
minds for the third time. 
 
Finally, the organization committee writes the recommendation text according to the scoring results 
and the debates. 
 
This method has been used to define professional practices and to evaluate new health technologies 
(Bourrée, Michel, & Rachid Salmi, 2008). 

 

1.3.5 - The Delphi method 
 
The Delphi method is designed as a group communication process which aims to achieve a 
convergence of opinion on a specific issue (Hsu & A. Sandford, 2007). This technique can be used for 
achieving goals to determine or develop a range of possible program alternatives, to explore or expose 
underlying assumptions or information leading to different judgments, to seek out information which 
may generate a consensus on the part of the respondent group, to correlate informed judgments on a 
topic spanning a wide range of assumptions, and to educate the respondent group as to the diverse 
and interrelated aspects of the topic (Delbecq, Van de Ven, & Gustafson, 1975). 
 
This method is built around a series of questionnaires to collect data from a panel of selected subjects, 
through multiple iterations designed to develop a consensus concerning a specific topic (Hsu & A. 
Sandford, 2007). Using this feedback process enables the selected Delphi participants to reassess 
their initial judgments about the information provided in previous iterations. 
 
The number of iterations needs to be defined and, theoretically, an infinite number can be done until 
a consensus is reached. However, according to several authors ( (Cyphert & Gant, 1971), (Brooks, 
1979), (Ludwig B. , 1997) and (Custer, Scarcella, & Stewart, 1999)), three iterations seem to be enough 
to collect the needed information and to reach a consensus in most cases. Four iterations will be 
presented to provide a more generic guideline about the Delphi method (Hsu & A. Sandford, 2007). 
 
During the first round, the first questionnaire is an open-ended one, to solicit information about a 
content area from the Delphi subjects. The investigators will then need to convert the collected 
information into a well-structured questionnaire for the second round. 
 
The second questionnaire asks to each participant to review the items summarized by the 
investigators based on the information provided in the first round. At the end of this round, areas of 
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agreement and disagreement are identified (Ludwig B. , 1994). A consensus starts to be formed and 
the outcomes can be presented among the participants’ responses. 
 
For the third round, each participant receives a questionnaire including the items and ratings 
summarized by the investigators in the round 2 and are asked to revise his/her judgments or to specify 
the reasons for remaining outside the consensus. 
 
The list of remaining items, their ratings, minority opinions, and items achieving consensus are 
distributed to the panelists during the fourth round if needed. This is the last opportunity for them to 
revise their judgments (in the case of four rounds). Additional rounds can be done depending on the 
degree of consensus sought by the investigators. 
 
The subjects need to be chosen carefully. They need to have knowledge about the theme of the 
questionnaires and have some experiences concerning the target issue. They can contribute and want 
to revise their initial of previous judgments for reaching or attaining consensus (Phil, 1971). As for the 
number of subjects, there is no consensus on the matter. They should be enough to have 
representative results, and not too much for it would be difficult to gather the data from all the 
subjects. 
 
This method is simple to use and does not require to have all the experts in the same room to reach a 
consensus. However, having several rounds makes the Delphi method time-consuming and with a 
decreasing response rate. The more rounds there are, the more chance there is for a subject to give up 
answering. 
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2 – Methodology: development of the tool 
 
This chapter shows how the work of this thesis has been done. It starts with applying the Delphi 
method based on its advantages to other consensus methods, which have been introduced in the part 
1.3 - Consensus methods. After, a protocol which fits the frame of this thesis is defined. Then, the 
structure of the tool is outlined based on hospitals’ dashboards and ANAP’s suggestions. It has strong 
dependencies on the Delphi results since each indicator requisites some inputs which may differ from 
one indicator to another.  

 

2.1 – Determining a list of indicators 
 
The first thing that needs to be set for this thesis is the list of organizational indicators the tool should 
have. However, according to the literature review above and except for a few indicators, there is no 
consensus on which ones are important for the hospital when it comes to pinpoint the few 
improvements it needs to do. 
 
All the indicators described in the part 1.1.2.3.2 - The most common indicators and Table 11 in 
appendix B will be questioned using the Delphi method, the most common indicators as the one found 
only in one scientific reference. 
 
This consensus can be reached with one of the methods presented in the part 1.3 - Consensus 
methods. For this survey to be the most representative and accurate, not only Medtronic’s consultants 
need to be part of the group, but external experts like consultants from other private companies or 
hospital staff as well. However, it is impossible to gather all of them in the same room at the same 
time. That is why, among the described techniques, the Delphi method seems the most appropriate.  
 
Table 5 shows the repartition of volunteers for the Delphi questionnaires, knowing that these are the 
ones who were really contacted: the questionnaire was given as well to people who may know experts 
and the table does not count them in. When the Delphi survey was mailed to the experts, it was still 
up to them to be part of it, if they were feeling skilled enough or if they had enough time. It is more 
likely that all the people of Table 5 will not answer the questionnaire, especially for each round. 

 

Company / Job Amount of people 

ANAP 1 

Medtronic IHS 10 

KTH researchers 2 

Chief of the operating room 1 

Operating room nurse 1 

External private company 1 
Table 5 – Repartition of experts for the Delphi method  

Because of the time constraints this thesis has, and the recommendation found in the literature, the 
Delphi method will be limited to three rounds. 
 
During the first round, for each indicator described earlier, the expert will say if he/she accepts or 
rejects it if there is a target to which the hospital should aim for this indicator and the reasons why 
he/she accepts/rejects it. On the overall, if the indicator gets more than 80% acceptation for the panel, 
it will be taken into consideration for the tool. If it has less than 20% it will be rejected automatically. 
When an indicator has between 20 and 80% of approval, it will be asked again for the next rounds. 
Table 6 gives an image of what the first round’s questionnaire looks like. 
 
For the second questionnaire, only the indicators between 20 and 80% will be present during this 
round. The pros and cons will be presented, and people may change their mind compared to the first 
round. The same rule of 80/20 will be then applied at the end of this round. Table 7 illustrates the 
questionnaire sent to the second round. 
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The last round will be like the second round, except that the 80/20 rule will not be applied at its end. 
If there are indicators which are between 20 and 80 at this point, they will be looked at separately and 
depending on the score and the pros and cons, it will be decided if they will be taken into 
consideration.  

 

 
Table 6 - Questionnaire for the round 1 of the Delphi method 

 
Table 7 - Questionnaire for the rounds 2 and 3 of the Delphi method 

The Delphi method is not complete until the results have been communicated to the participants 
between two rounds and at the end of the last one. Indeed, it is of paramount that between two rounds 
the experts are aware of the pros and cons the other ones have thought of. Figure 10 and Figure 11 
show samples of what has been sent to the experts in the case of accepted and need-to-be-questioned 
indicators. 

 
Figure 10 - A slide from the result presentation of the first Delphi round - Accepted indicator (the rejected 

ones have the same layout) 
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Figure 11 - A slide from the result presentation of the first Delphi round – Indicator which still should be 

debated 

 

2.2 - Tool structure 
 
This tool will be developed in Microsoft Excel 2016 since this software is known and used by all the 
people who will use it. It will be composed of multiple sheets: information, parameters, human 
resources, time slots, medical records, results, and graphs. This layout is a suggestion based on the 
existing dashboards. The consultants can still change it, but they should pay attention to formulas 
which may break if these changes are too consequent. 
 
This structure has been thought before the implementation while making the tool user-friendly. The 
users will see the “Information” sheet when opening the tool. Then they will fill up the inputs the tool 
needs to have to process the different graphs. These data are split depending on the type of 
information. Then the last sheet will concentrate the results, with the graphs on one hand and the 
results in tables on the other hand. 

 

2.2.1 - Sheet 1: Information 

 
The first sheet people will get access is an informative one, in which will be described the purpose of 
the tool and what should be known by the user before using it. A brief description of every sheet will 
be done as well and what to do inside of them as well. 

 

2.2.2 - Sheet 2: Parameters 

 
Some parameters will be asked to the user since some of them will depend on the hospital. For 
example, the lunch break will not be managed the same way from one hospital to another. Some will 
directly plan them in the time slots and will not allow anyone to do a surgery during this lunch break. 
Others will not directly put a break at one moment in the schedule but just say that a certain amount 
of time span needs to be taken during the day. The paramedical and medical staff will then manage 
themselves according to the activity of the day. Thus, the opening time span will not be the same and 
will need to have the lunch break deduced for every day a lunch will be taken.  

 

2.2.3 – Sheet 3: Human resources 
 
The first sheet of input data will concern the human resources. In this sheet will be gathered all the 
data regarding the HR planning of the medical/paramedical staff of the operating room. The types of 
data asked will depend on the indicators chosen to be implemented in the tool. 
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2.2.4 - Sheet 4: Time slots 

 
In this sheet will be filled by the user all the time slots of the studied period. For one line will 
correspond one single time slot: there will be then as many lines as time slots. For each time slot will 
be asked the date, the name of the room, the medical specialty, the opening and the closing hours. 

 

2.2.5 - Sheet 5: Medical records 

 
This sheet will gather all the surgeries which have been made during the study period and in the 
hospital’s operating room. Each line corresponds to one surgery and requires the date of the surgery, 
the room, the wheels-in time, the knife-to-skin time, the last stitch time, the wheels-out time, the 
medical specialty and the type of surgery (outpatient, emergency or planed surgery). 
 
It is of paramount between the sheets 3, 4 and 5 that the names of the rooms, the medical specialties 
and the days are the same. If not, Microsoft Excel will not be able to join this two information and 
process the desired calculations. 

 

2.2.6 - Sheet 6 and 7: Results and Graphs 

 
Using sheet 3, 4 and 5, the tool will process the data and gather all the results in two sheets: one with 
only the tables of the indicators’ values, and the other one with the graphs made from these tables. 
They will be ready to use and to exploit by the user. 

 

2.3 – Methodology for the development of the tool 

 
It has been shown in the previous chapter the importance of reaching a consensus for the indicators 
which will be implemented in the tool. It will then prevent from having a tool with too many analyses, 
and without knowing where to go. A trained person like a consultant might be able to cope with the 
complexities of such a tool but not a member of the hospital staff. Using the Delphi method will enable 
them to reach such a consensus and a choice between indicators present in the literature will be made. 
 
These indicators will then be gathered into a few useful graphs. Then, a test will be done on a typical 
average French hospital for which operating room data are available to validate and correct the 
different visualizations of the tool.   
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3 – The chosen consensus of the performance indicators 
 
This chapter is the core part of the methodology of this thesis. While most people are using their own 
experience to audit an operating room, a consensus needs to be reached when automatization is 
involved. This chapter presents the results and the first analysis of them from the Delphi method. The 
exhaustive results are presented in appendix C. 

 

3.1 – Participants 
 
As said in the methodology chapter, the questionnaire has been sent to around fifteen experts. All of 
them have not answered for each round and the participation was not constant throughout all the 
process. This is one of the drawbacks of the Delphi method: it is difficult to sustain the same level of 
participation from the first round to the last one.  
 
Each time a deadline was set to meet the academic schedule of the master thesis, around a week each 
time. However, at least for the last two rounds, these deadlines had to be postponed to have at least a 
reasonable number of experts participating in the method. For the chosen rule of 80/20% acceptation 
rate presented in the methodology, five experts were the minimum number of people which was 
acceptable. It allows one expert to reject the indicator. Below this criterion, all the experts needed to 
have the same point of view to accept the indicator, which may be too exclusive. Table 8 shows the 
repartition of the experts for each round of the Delphi method. 
 

Rounds 
Medtronic’s 
participation 

ANAP’s 
participation 

Hospital staff 
participation 

1 4 1 1 

2 5 1 1 

3 4 1 0 
Table 8 - Repartition of the participation of the experts for each Delphi round 

Even though Medtronic was the more represented institution in this Delphi, a minimum of diversity 
has been achieved. Indeed, an operating room expert from ANAP has been convinced and was 
interested in participating in this research approach. As explained when introducing ANAP, his/her 
point of view is valuable because it is their job to produce a meaningful way of assessing operating 
room performance. When interviewed by phone, he/she was explaining that some indicators were no 
longer questioned, and this approach has the advantage to put on an equal foot regular and “exotic” 
indicators. This method may bring out indicators which are not considered on a regular basis when 
assessing operating room performance. Moreover, an operating room nurse was involved in the 
process. He/she has the operational point of view by being and working every day in the operating 
room, which is important because he/she knows best what needs to be followed in an operating room. 

 

3.2 – Accepted and rejected indicators 
 
Forty indicators have been questioned at the beginning of the first round and two new ideas of 
indicator came from the experts between the first and the second rounds. This means that a total of 
forty-two different indicators have been presented to the experts. The complete results are recorded 
in the appendix C with all the remarks and the acceptation rates of the experts. Table 9 sums up the 
results of the Delphi method. 
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Rounds 

Total number of 
indicators which 

have been 
questioned 

Accepted 
indicators at 

the end of the 
round 

Rejected 
indicators at the 
end of the round 

Need-to-be-
questioned 

indicators at 
the end of the 

round 

1 40 9 13 18 

2 20 1 4 15 

3 15 3 5 7 
Table 9 - Summary of the Delphi results 

From forty-two indicators, a total number of thirteen indicators has been accepted and twenty-two 
rejected with the 80/20% acceptation rule. At the end of the third round, seven indicators were still 
between 20 and 80% and each case has been evaluated separately by some of Medtronic’s experts 
with the pros and cons for each one of them. It has been decided that two more indicators (the opening 
rate and the surgery time span for the most common ones) will be accepted that way and the others 
rejected. This decision has been made according to how easy the indicator can be implemented and 
how useful it will be for a preliminary analysis.  
 
When looked at the most common indicators described in the corresponding part, most of them have 
been accepted at the first round (four out of six). However, there were still two which were not 
accepted directly and even the definition in the literature is sometimes not understood by the experts 
who have preferred another one. The fact that there are common indicators not directly accepted 
justifies the choice to put them in the Delphi and to question them with the other ones found only 
once in scientific papers. At the end of the third round, all these indicators have been accepted, 
however. 
 
On the other hand, the changes in the acceptation rate of indicators between two rounds illustrate the 
strength of the Delphi method and the importance of using these methods to create a consensus. Even 
though it does not require to bring together people and emulate a face-to-face discussion between the 
different experts, it still enables them between two rounds to consider what other people think and 
change their mind while considering them. 
 
At the end of the third round, the indicators in Table 10 have been accepted and will be implemented 
in the final tool. 

 

Accepted indicators 

Same-day cancellation rate 

First-case delay rate 

Overtime rate 

Unplanned surgeries rate 

Amount of surgeries 

Occupancy rate 

Average time span between surgeries 

Early end of program rate 

Paramedical human resources analysis 

Emergency rate 

Volume of activity 

Schedule gaps between surgeries 

Round-the-clock care rate 

Opening rate 

Surgery time spans for the most common ones 
Table 10 - List of accepted indicators 
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4 – Implementation of the chosen indicators for a 
preliminary audit 
 
Once the consensus has been reached, the development of the tool can begin. These chapters present 
the few graphs representing the chosen indicators and how to understand them. The Microsoft Excel’s 
formulas behind the graphs might not be useful for this report. So, the thought process and what to 
be careful for each indicator are instead explained. Screenshots of the overall tool are in the appendix 
E. The layout of the tool is not completely over yet. 

 

4.1 - The macroscopic waterfall 
 
The first analysis which needs to be done is the macroscopic waterfall. This graph will present a few 
indicators which will enable the hospital or the consultant to pinpoint where to focus their analysis. 
Figure 12 is an example of how this macroscopic waterfall can look like. 
 

 
Figure 12 - Macroscopic waterfall from a hospital audit 

 

4.1.1 - Opening time span 

 
The opening time span can be obtained with the time slots referred to the Microsoft Excel sheet with 
the time slots by implementing the difference between the closing hour and the opening hour. 
However, the definition of the opening time span only covers the period during when a patient is 
theoretically in the operating room. Thus, it does not include the lunch break, when normally no staff 
is available to welcome a patient, and the preparation at the beginning and the final cleaning of the 
room. They are dead periods which should not be included in the opening time span. By using the 
selected parameters (Microsoft Excel sheet with all the parameters), they will be subtracted from the 
total sum of the differences. 
 

𝑂𝑝𝑒𝑛𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 𝑠𝑝𝑎𝑛
= 𝐶𝑙𝑜𝑠𝑖𝑛𝑔 ℎ𝑜𝑢𝑟 − 𝑜𝑝𝑒𝑛𝑖𝑛𝑔 ℎ𝑜𝑢𝑟 − 𝑙𝑢𝑛𝑐ℎ 𝑏𝑟𝑒𝑎𝑘
− 𝑝𝑟𝑒𝑝𝑎𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑟𝑜𝑜𝑚 𝑎𝑡 𝑡ℎ𝑒 𝑏𝑒𝑔𝑖𝑛𝑛𝑖𝑛𝑔
− 𝑓𝑖𝑛𝑎𝑙 𝑐𝑙𝑒𝑎𝑛𝑖𝑛𝑔 𝑎𝑡 𝑡ℎ𝑒 𝑒𝑛𝑑 𝑜𝑓 𝑝𝑟𝑜𝑔𝑟𝑎𝑚 
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4.1.2 - Real occupation time span 

 
Implementing the real occupation time span is less easy to obtain because of all the different cases 
which need to be taken care of. 
 
First, one needs to correlate the surgery with the corresponding time slot, by looking at the day, the 
room, the medical specialty and, some medical times, the knife-to-skin and the last stitch times. 
Indeed, when the same specialty occurs twice in a day, considering only the first three inputs to 
discriminate may not be enough. 
 
Then, after being sure the time slot and the surgery are correctly assigned together, one needs to 
carefully consider all the different cases which may include or not some time length into the time slot. 
Figure 13 shows the three different cases which can happen: either the surgery is fully in the time slot, 
partially or completely out. As said earlier in the definition, only the period in between the time slot 
is considered as real occupation time span.  
 

 

 
Figure 13 - Implementing the real occupation time span (in green, the time spans counted as real occupation 

time span) 

4.1.3 - First-case delays and early end of program 

 
As a reminder, the first-case delay is the period between the first patient and the opening hour of the 
first-time slot of the day. To be able to measure it, one needs to pinpoint this first surgery of the day 
which is not a round-the-clock care. By defining some upper and lower limits of the round-the-clock 
care and excluding any first-case start happening within these limits, one can exclude any early start 
and really focus on the first surgery. 
 
The early end of the program is the mirror of the first-case delay, at the end of the day. 

 

4.1.4 - Overtime 

 
Modeling overtime is not trivial since all the stakeholders do not agree on its definition. What will be 
used in this thesis is the ANAP’s definition which is the amount of time outside of time slot but within 
a time length of maximum one hour before and after the time slot. This definition creates a more 
numerous amount of cases which complicates the formula in Microsoft Excel. Depending if the time 
slot is the only one for the entire day or not will change the number of cases which need to be 
considered. 
 
Figure 14 shows the different cases for a single time slot in the day. By being alone, the extra hour 
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before and after will be assigned to the same time slot. 
 
When there are multiple time slots during the day, one cannot consider the period between two-time 
slots as round-the-clock cares. That is why the extra hour before the time slot applies only to the first 
of the day, the extra hour after only for the last of the day and nothing when it is neither of them. 
However, will be only considered as overtime for a specific time slot, only the overlapping surgeries 
with the same medical specialty. If the surgery belongs to the medical specialty of the next time slot, 
it will be considered as overtime for the latter one, to avoid counting them twice. Figure 14 details all 
the different cases which can happen when the time slot is the first one of the day. A similar one can 
be drawn when the time slot is the last one or when it is neither of them. 

 

 

 

 
Figure 14 - Overtime cases (top figure when there is only one time slot for a day, bottom figure the first one of 

the day) 

4.1.5 - Round-the-clock care 
 
As already said, round-the-clock cares are unplanned surgeries which can happen before or after a 
time slot, or even during a weekend. They are inherent to the organization of a hospital and cannot 
be avoided.  
 
For the implementation of first-case delays and early ends of the program, thresholds have been set 
framing when round-the-clock cares will start and end. Any operation which starts within these limits 
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will be considered as such: since the round-the-clock care starts and finishes, respectively, one hour 
before and after the first and last vacation, the odds are low for this surgery to disorganize the planned 
program. However, some would rather choose to consider that each part of the surgery which would 
happen within this hour of delay is an overtime. For this thesis, the first solution has been chosen for 
the development of the tool for its simplicity of implementation and the little occurrence of the second 
situation in real life operating bloc (only three interventions happened this way in a hospital of seven 
rooms and in four months of operations, in the set of data available for this thesis). 

 

4.2 - Paramedical human resources analysis 
 
The paramedical analysis enables the analyst to compare the activity of the operating room with the 
human resources planning and the real need for a nurse in the operating room. Figure 15 shows the 
type of graph the tool will include in. 

 

 
Figure 15 - Paramedical human resources analysis (generated data for the HR planning and the real need of 

nurse in the OR) 

With this graph, the analyst can tell whether what is planned by the human resources department is 
or is not done accordingly to the activity and the number of nurses theoretically working in the 
operating room. For instance, this operating room seems to have a significant activity at its beginning 
with more than five rooms occupied almost at its opening, a constant activity throughout the day, and 
a lower one at the end of the day. The occupancy of the room seems to fit with the nurse theoretically 
present in the rooms, but not with the human resources planning. 
 
The HR planning is what is given by the HR management, saying that they are paying for this nurse 
planning with these hours. When a consultant is doing an audit in a hospital, these data are basically 
the nurse shifts you obtain by asking the chief of the operating room or the HR department. It directly 
reflects the planning in theory. 
 
The amount of nurse theoretically working in the operating room is an indicator of a more operational 
point of view. Depending on the medical specialty, a different number of nurses is present in the room. 
Each operating room’s nurse chief knows how many nurses he/she will put in a room during a time 
slot given the medical specialty. 
 
Thus, the fictive graph of Figure 15 shows a mismatch at the beginning of the day when there are less 
planned nurses than needed even though there is a non-negligible activity, and, on the contrary, too 
many resources available at the end of the day while there is no longer a need for it. This type of 
analysis enables then the analyst, the HR department or the chief of the operating room to see what 
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time they need to put their nurses.  

 

4.2.1 - Occupied rooms 

 
The histogram wants to give an indication of how many rooms have been occupied on average every 
thirty minutes. However, the operating room data do not give any indication in terms of room 
occupation but in terms of the time spent by the patient in the hospital. It is still related though, and 
one can convert the second into the first measurement.  
 
To do so, first, one needs to break down the patient surgery’s time into a scale of thirty minutes. For 
instance, if the patient starts its surgery at 8:37 and finishes at 9:02, the column [8:00;8:30[ will have 
0:00, [8:30;9:00[ 0:23, [9:00;9:02[ 0:02.  
 
After doing this breakdown for all the patient data, one can sum all the time for each thirty-minute 
scale and have an idea of the total amount of time the rooms have been occupied by a patient during 
each thirty-minute scale. By dividing it by the scale unit (thirty minutes here), one can have the total 
amount of rooms that have been occupied. By dividing it again by the total number of days the analysis 
covers, one can have the average number of rooms which have been occupied per day. 

 
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑐𝑐𝑢𝑝𝑖𝑒𝑑 𝑟𝑜𝑜𝑚 𝑝𝑒𝑟 𝑡𝑖𝑚𝑒 𝑠𝑐𝑎𝑙𝑒

=
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑜𝑜𝑚 𝑢𝑠𝑒𝑑 𝑤𝑖𝑡ℎ𝑖𝑛 𝑡ℎ𝑖𝑠 𝑡𝑖𝑚𝑒 𝑠𝑐𝑎𝑙𝑒 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑡ℎ𝑒 𝑠𝑢𝑟𝑔𝑒𝑟𝑖𝑒𝑠

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑎𝑦𝑠 𝑐𝑜𝑛𝑠𝑖𝑑𝑒𝑟𝑒𝑑 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑠𝑡𝑢𝑑𝑦

=
𝑇𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 𝑠𝑝𝑎𝑛 𝑜𝑓 𝑠𝑢𝑟𝑔𝑒𝑟𝑖𝑒𝑠 𝑤𝑖𝑡ℎ𝑖𝑛 𝑎 𝑡𝑖𝑚𝑒 𝑠𝑐𝑎𝑙𝑒 𝑖𝑛 𝑎 𝑡𝑖𝑚𝑒 𝑠𝑙𝑜𝑡 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑎𝑦𝑠 𝑐𝑜𝑛𝑠𝑖𝑑𝑒𝑟𝑒𝑑 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑠𝑡𝑢𝑑𝑦 ∗ 𝑡𝑖𝑚𝑒 𝑠𝑐𝑎𝑙𝑒
 

 

4.2.2 - HR planning 

 
As discussed before, the human resources planning is something which needs to be obtained via the 
human resources department and depicts the nurse’s schedule. These data are easy to implement, one 
just needs to gather them and sum the number of nurses who should be present in the service for each 
time scale. 

 

4.2.3 - Nurse theoretically working in the operating room 

 
To have the number of nurses effectively working in the rooms, the analyst should ask the chief of the 
operating room how many nurses he/she allocates to the correspondent medical specialty. Then, 
he/she can link the time slot with the number of nurses present in the rooms and, again, breaks down 
this number for every time scale. 
 
As for the occupied rooms indicator, the analyst needs just to sum for each time scale and divides by 
the number of days covered by the study. 
 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑂𝑅 𝑛𝑢𝑟𝑠𝑒𝑠 𝑤𝑜𝑟𝑘𝑖𝑛𝑔 𝑖𝑛 𝑎 𝑟𝑜𝑜𝑚 𝑝𝑒𝑟 𝑡𝑖𝑚𝑒 𝑠𝑐𝑎𝑙𝑒

=  
𝑇𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑂𝑅 𝑛𝑢𝑟𝑠𝑒𝑠 𝑤𝑜𝑟𝑘𝑖𝑛𝑔 𝑖𝑛 𝑎 𝑟𝑜𝑜𝑚 𝑝𝑒𝑟 𝑡𝑖𝑚𝑒 𝑠𝑐𝑎𝑙𝑒

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑎𝑦𝑠 𝑐𝑜𝑛𝑠𝑖𝑑𝑒𝑟𝑒𝑑 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑠𝑡𝑢𝑑𝑦
 

 
The key for this whole graph is to keep the same time scale and to correctly gather the information 
when present on the hospital. It can happen sometimes that the hospital works per surgeons and not 
per medical specialty, as the tool is set. Either the analyst can do an average of nurses used in the 
rooms per medical specialty and it can be done easily when there is just a special request from one 
surgeon with his/her own habit, while the other ones are using a lesser number of nurse for their 
surgeries. Or, instead of writing the medical specialty in the adequate column, the analyst can directly 
refer the name of the patient as the specialty. However, for the latter solution, he/she needs to keep 
in mind that for the time slots and the operating room data, everything should be written the same. 
Moreover, if the analyst wants to break down the result for each medical specialty with the tool by 
mentioning the names of the surgeons instead, he/she will pinpoint encouraging and deceiving results 
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for each surgeon and it can be received badly when presented in front of them. 

 

4.3 - Breakdown of the surgery types 
 
One surgery can be of different types. The most common surgery is the planned one. The more planed 
the surgeries are, the more organized the operating room is. Indeed, no unexpected surgery will affect 
the current program. 
 
However, having only planned surgeries is impossible, especially because of emergencies, the second 
type of surgeries. They are inherent to the operating room and they must be brought in a room as 
soon as possible, even though patients were planned on the schedule. 
 
The last time is added, patients. They are neither emergencies which need to be taken immediately 
nor common planned surgeries. For instance, it could be a patient who should have had his/her 
operation the day before, but an emergency came, and he/she is scheduled again the next day. It is 
one example among many others. 
 
Having an idea of the planned, emergency and added patient ratios gives an insight into the 
organization of the operating room. If the added patient ratio is non-negligible compared to the 
planned surgeries, it would mean that the programing method is not efficient enough or there are too 
many patients which are added for an unknown reason, which needs to be looked at on on-field 
studies. 
 
To have these rates, the hospital can discriminate in their operating room data which patients are 
emergencies, added or planned patient while they are filling it for each operation. It does not take 
much time and it is commonly known during the operation by the paramedical staff which type the 
current patient is. 
 
Figure 16 shows an example of how one can represent these rates all together. For this example, the 
added patient rate seems a little bit too high, it represents about 8% of the total operations, which is 
almost 10% of the planned patient ratios. To draw any reasonable conclusion from this graph, the 
analyst will need to go to the hospital and see if figures are related to something undesirable or are 
due to an acceptable reason. 

 

 
Figure 16 - Breakdown of surgery types 
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4.4 - Breakdown of times between two surgeries 
 
The performance of an operating room is sometimes narrowed down to the occupancy of its rooms. 
However, it is almost impossible to reach 100% of occupancy rate because of emergencies which must 
be taken care of immediately and, so, disorganize the planned surgeries. While emergencies can 
provoke a non-negligible loss of occupancy rate which cannot be reduced, there is also another source 
of loss of time which may be optimized: times between two surgeries. 
 
Indeed, it is difficult to have a patient who goes in the room at the same time as the previous one goes 
out. They might be some delays after the bio-cleaning of the room after the previous surgery.  
 
A good practice for a hospital is to have the times between two surgeries below fifteen minutes, 
between the end of the bio-cleaning of the first patient and the time when the second one gets into 
the room. As an indicator, the median should be then below this amount of time. Having a time 
between two surgeries with no patient means that a room is not occupied and will jeopardize the 
occupancy rate. Objectively, having fifteen minutes between two surgeries does seem reasonable: 
however, at the end of the analysis, these in-between times are multiplied by almost the amount of 
surgeries. If a room is welcoming six patients for a regular surgery day with fifteen minutes between 
two surgeries, one hour and fifteen minutes are lost with non-activity for just a single day. 
 
Figure 17 gives an example of how it can be analyzed. A scale of fifteen minutes has been chosen 
because of the target of having times less than fifteen minutes. The median can as well be calculated.  

 

 
Figure 17 - Breakdown of times between two surgeries 

To obtain this histogram, one needs first to sort out the interventions according to the day, the room 
and the entrance time of the patients. Then, some surgeries can be excluded: for instance, when the 
surgery is the first one of the time slot or if the surgery is during a round-the-clock care, the difference 
of time with the previous surgery should not be calculated. 

 
4.5 - Breakdown of the occupancy analysis per room 
 
Even though the waterfall gives an overview of the occupancy rate and other common indicators for 
the operating room, it can hide disparities from one room to another. It can then be useful to have 
some more precise analyses showing where the improvements can be made.  
 
When a consultant tells the results to the operating room staff, it might not be relevant to give them 
per surgeon: some may become offended and discredit the whole presentation. On the other hand, 
showing some sensitive results per room does not have the same effect for almost the same goal. Each 
person of the operating room knows which surgeon is using each room the most and can relate these 
results, without the consultant to say them out loud. One can even break down the audit per room 
and per day. This analysis is then a way to anonymize the overall results and manage all the 
sensitivities of every member of the operating room staff. 
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For this tool, occupancy rate, opening rate and overtime rate per room have been chosen to be 
displayed. Figure 18 shows a way to display these three indicators into two graphs. The size of the 
bubble is related to the volume of activity in each room. 

 

 
Figure 18 - Analysis per room with the occupancy rate in function of the opening rate on the left graph and 

the overtime rate on the right one 

The first graph on the left illustrates the relation between how much it has been chosen to open each 
room, facing its activity. It can be split into four different parts. 
The top right corner represents the best one. It means that the room has been open widely and is full 
of activity. The room is then well-monetized and should go on like this. 
The top left corner is not bad either. While the room is not open as much as before, it has still a 
reasonable amount of activity inside. Thus, the room is used efficiently and well-monetized as well. If 
there is an activity inside the opening hours, it does not matter if the room is widely or narrowly open. 
However, building an operating room requires a non-negligible upfront investment and with only 
short opened time spans, the return on investment will be lesser than the previous category. 
The bottom left corner starts to be damageable for the hospital. It means that the room is not opened 
for a long time but does not have a lot of activity inside anyway. Having a low occupancy rate is never 
a suitable thing for the operating room because it means that a paramedical staff is requested but is 
not working accordingly. However, since the opening rate is low, the room is not open for a long time 
which decreases the impact of this low activity. 
The bottom right corner is the worst-case scenario. While the room is widely open, there is no activity 
inside to occupy it. Compared to the previous scenario, it increases the lost amount of money deployed 
by opening the room without occupying it. This scenario should be avoided as much as possible. 
 
The second graph is easier to interpret since there are some reference points to compare to. The 
occupancy rate should be around 85% and the overtime rate below 5%. Then the analyst can see where 
each room is situated compared to these targets. 
 
With the other implementation done previously, the only new thing is the opening rate which was not 
part of any graphs. As a reminder,  

𝑂𝑝𝑒𝑛𝑖𝑛𝑔 𝑟𝑎𝑡𝑒 =  
𝑇𝑜𝑡𝑎𝑙 𝑜𝑝𝑒𝑛𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 𝑠𝑝𝑎𝑛

𝐴𝑁𝐴𝑃′𝑠 𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑝𝑜𝑖𝑛𝑡 𝑜𝑓 54ℎ/𝑤𝑒𝑒𝑘
 

 
The only tricky part to take care of is to consistently adapt the numerator and the denominator. One 
cannot divide the opening time span for a year by only fifty-four hours. The right multiplicator must 
be added to the reference point so that it reflects the time frame chosen for the numerator. 

 

4.6 - Surgical times for the most important types of surgeries in the operating 
room 
 
Besides the period during when the surgeon is operating the patient, other time spans can be followed 
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and might be useful to be tracked. Some can show dysfunctions in the operating process and may 
need to be optimized. In this section, only the times in the operating room are considered: the waiting 
time between the wheels-in and the anaesthesia, the one between the anesthesia and the knife-to-
skin, the surgical time, the one between the last stitch and the end of the anaesthesia, and the waiting 
time until the wheels-out. 
 
Figure 19 illustrates a fictive example of two types of surgeries A and B with their average surgical 
times. The tool is only considering the most represented surgeries according to the operating room 
data (only the surgeries reflecting 80% of the total activity of the operating room). This threshold is 
arbitrary, and the user can still change it according to what he/she wants to have. 

 

 
Figure 19 - Example of a breakdown of the surgical times (fictive example) 

 
Once the 80% top surgeries have been flagged, only averages of differences of time need to be 
calculated. Implementing the breakdown is not tricky but requires to be careful that the ranking and 
the threshold are done properly. 
 
Each of this difference of time requires different milestones to measure for each surgery like the time 
when the anaesthesia is performed and when the patient wakes up. These times might not be available 
in all hospitals, depending on how advanced the information system of the hospital is. 
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5 – Audit of a real hospital with the tool 
 
Once the tool has been completed, an example of what can be done is presented in the fifth chapter. 
The example is based on an average-sized hospital and the data gathered by consultants. With this 
hospital, it will practically show what is available to do with this tool and what is not. 

 

5.1 – The logic of the audit 
 
So far, six graphs have been presented but no logic has been drawn between them. Before going 
further into the analysis of this hospital, the graphs need to be ordered in a way so that the conclusions 
from one graph are being completed by the next one and some questions from the first graph are 
answered by the second one. A way to sort them is to go from a general and macroscopic point of view 
to more precise analyses. 
 
The first logic graph is the waterfall which is the most macroscopic graph with several indicators and 
showing a first broad picture of the efficiency of the operating room. With this graph, the consultant 
should know what to dwell on for further analyses. 
 
A second macroscopic graph is the breakdown of the different surgery types which might be 
decorrelated from the other graphs but is still a macroscopic view of the hospital activity. 
 
The third graph will complement the waterfall by still implementing the occupancy and the overtime 
rate but per room. While the waterfall is looking at the operating room in a whole, the analysis per 
room might show disparities, and instead of focusing on improving the operating room in a whole the 
consultant may need to understand what is going wrong with one specific room. 
 
The fourth graph and fifth graph will be the breakdown of the times between two surgeries and of the 
different operating times which will as well add value to the waterfall and going deeper for one of its 
indicators.  
 
The last own will be the human resources analyses because this one is not exactly a performance 
analysis and is using a different type of data. It makes sense then to separate this graph from the 
others. 

 

5.2 – An example of performance assessment of a hospital 
 

5.2.1 – The presentation of the hospital 

 
To keep the anonymity of the hospital, its name will never be disclosed in this thesis. To picture the 
size of this public hospital, its operating room performs around 7,000 procedures per year. This 
information was found on the hospital’s website. 
 
The hospital can then perform consultations of different medical specialties (cardiology, diabetology, 
neurology, rheumatology, …), have a high-level maternity ward with reanimation and intensive cares, 
a surgery ward for outpatients, an emergency and a reanimation wards, and a medical imaging set. 
 
Patients with a digestive, a gynecological, a dental, an orthopedics, a thoracic, a vascular, a urological, 
and weight-related issues are welcome for a surgery in the operating room of seven rooms. 

 

5.2.2 – General information about the data 

 
Four months of operating room data will be analyzed, which represents 2,140 surgeries and 547 
different time slots.  
 
Before starting to exploit the tool, the data need to be processed first and some typing mistakes need 
to be taken care of. The tool can help to target some of these mistakes like a time slot without any 
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activity, or two surgeries in the same room at the same day which are overlapping (one finishes after 
the other one begins) so that the analyst can correct them. However, a first gross cleaning of the data 
needs to be done beforehand, sometimes by completing missing data or by removing parasitic data. 
This time-consuming step cannot be avoided and is not solved by the utilization of the tool. 

 

5.2.3 – The performance assessment of the hospital 

 

5.2.3.1 – The hospital parameters 

 
The first step when using this tool is to discuss with the hospital staff and to determine some needed 
parameters which will influence the overall performance results. Therefore, conducting a 
performance assessment quantitatively cannot be done without a qualitative point of view and 
without any regards to the hospital context. All the chosen parameters are described in the appendix 
D. 

 

5.2.3.2 – The waterfall 

 

 
Figure 20 - The waterfall of the hospital example 

The waterfall in Figure 20 shows an example of an efficient hospital. While the reference points for 
occupancy rate and overtime rate are respectively of 85% and below 5%, the hospital has managed to 
reach 83% of occupancy rate and 6% of overtime rate. This is above-average results with an efficient 
and well-monetized operating room. 
 
Besides, the other indicators seem to be in a good posture as well: 6% of early-end of program rate 
and a little bit less than 4% of first-patient delay rate is honorable. 7% of other delays might be 
questionable but is not alarming with the other indicator results. 
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5.2.3.3 – The surgery types 

 

 
Figure 21 - Breakdown of the surgery types for the hospital example 

This graph is more difficult to analyze since there is no reference point. However, since added 
surgeries and emergencies can easily disorganize the operating room, planned surgeries need to be 
the leading surgery type, which is the case here. All these rates, except the emergency one, do not 
seem to be alarming and show an organization of quality. 
 
The emergencies rate is low (0,9%). Indeed, this hospital chose to have time slots for so-called “semi-
emergencies” which are non-life-threatening emergencies, surgeries which need to be taken care of 
in the days to come, but not immediately. By doing so, these “semi-emergencies” do not belong 
anymore to the emergency type, but to the planned surgeries. This reason explains why less than 1% 
of the total surgeries are emergencies. 

 

5.2.3.4 – Analyses per room 

 

 
Figure 22 - Analyses per room for the hospital example (the left graph compares the occupancy rate with the 

opening rate, and the right one with the overtime rate) 

The graphs presented in Figure 22 are showing some disparities between the efficiency of the rooms 
and the reason why this graph is important compared to the overall view of the waterfall. 

 
While most of the rooms are extremely performant (occupancy rate between 82 and 91%), the sixth 
room seems to be out of the cluster, with a mediocre occupancy rate of 64% even though the opening 
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rate is below 50%. For further analysis and to increase the operating room performance in a whole, 
the analysts and/or consultants might focus on finding out the reasons why this room is below the 
others. This could be because the room is 6 is not practical enough for the surgeons, it is older and 
not as well-equipped as the others, it is mainly for emergencies or for specialties with a high odd of 
unplanned surgeries, … There could be a broad panel of different reasons explaining this low 
occupancy rate and can only be found by going to the hospital and asking the staff an explanation. 
 
On the other hand, the sixth room has only 1,4% of overtime rate. This might be because of the lack 
of activity of the room which is not important enough to go beyond the time slots. However, even 
though the other rooms are working almost at full capacity, they have a slight high overtime rate, 
between 6% and 7,5%, which is above 5%. Having overtime cares means asking the paramedical staff 
to stay extra hours, which means more money to be paid by the hospital and a staff more tired than 
needed. 
 
The first solution for this double issue is to deport some surgeries and activity, which ultimately is 
done after the end of the time slots in the rooms 1, 2, 3, 4, 5 and 7, to the room 6 for which the medical 
staff is present, paid, but for less activity. This should eventually be confronted to the hospital life and 
see if this is possible. Depending on the staff and the context, the facility might be better off working 
with this configuration. 

 

5.2.3.5 – Analysis of the times between two surgeries 

 

 
Figure 23 - Breakdown of the times between two surgeries for the hospital example 

This hospital succeeds to manage decent in-between times with almost half of them below fifteen 
minutes, and most of the rest between fifteen and thirty minutes. Besides, the occupancy rate of the 
hospital is above-average and almost at the target, so it does not look like in-between times will be a 
subject to discuss for this hospital. If the consultant wanted to be picky, he/she would try to reduce 
them and reduce the [15min;30min[ rate to increase the [0;15min[ one. 
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5.2.3.6 – Analysis of the surgical times 

 

 
Figure 24 - Breakdown of the surgical times for some chosen surgeries of the hospital example  

Figure 24 is tricky to analyze: usually, the consultant does not have the medical expertise to judge if 
the amount of time needed by the surgeon is enough or not, except if he/she has a national benchmark 
available. 
 
When initially implemented, it was supposed to depict the surgeries representing a certain part of the 
total activity. For this example, 80% was chosen as written in the appendices. However, for this 
hospital, 80% of the activity represents 176 different surgeries. This was too much to represent in a 
single graph. The top 20 was chosen instead. If the analyst/consultant wants to know details of a 
specific surgery, the information is available in the tool. 
 
However, one can judge the waiting times which the patient has before having anaesthesia and after 
the end of it. One can wonder why some surgeries require the presence of the patient almost seventeen 
minutes before anything happens to him/her, while some others only require five minutes. It can be 
a source of stress for patients to be in the room, the less they are in it, the better off they can be. This 
remark can be considered when the hospital wants to rethink its pacemaker patient pathway  
 
On the contrary, the waiting times after the surgeries do not look like depending on the types of 
surgeries and remain constant around two to three minutes. 

 

5.2.3.7 – Analysis of the paramedical resources 

 

 
Figure 25 - Analysis of the paramedical resources (operating room nurses) for the hospital example 

Figure 25 shows a good adequacy of the activity and what is planned in the HR department. Indeed, 
there is a complete match between the available nurses and what is needed in the room in the 
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morning. It does have a small difference in the afternoon with more nurses than needed but both the 
curves are following the same tendency and the activity during the day: they can, if needed, reduce 
the FTE in the afternoon by one or two to stick with the evolution of the activity in the afternoon.  
 
The hospital chose to have three nurses (in FTE) during the night cares while less than a room is 
occupied in average (during the day twelve FTE are managing five rooms in parallel). It seems 
unbalanced, but an emergency can happen at any time during these round-the-clock cares and having 
three nurses available can be of paramount.  

 

5.2.3.8 – Summary of the analysis and suggestions for further work 

 
The analysis shows an efficient operating room, well above average. While they are managing to 
almost reach the target for the occupancy rate and the overtime rate, they have a reasonable amount 
of unplanned surgeries and a fine allocation of human resources which fits the evolution of the 
activity.  
 
The biggest issue to tackle is the sixth room which is not as efficient as the other rooms. A discussion 
with the medical and paramedical staff of the operating room needs to be done and a reallocation of 
the activity from the other rooms to this one, or of the width of the time slots of this room can be 
considered. 
 
Some minor issues like the other delays, the in-between times, or some waiting times before the 
surgery can be discussed but are not to be prioritized. 
 
On the overall experience, this tool has saved some time for the analyst by doing some analyses 
automatically. It still takes some time because of the cleaning of the database to fit the tool but 
compared to the too-complete tool of the ANAP, it is simpler to use, and the inputs asked are more 
common in the hospitals. 
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6 – Discussion  
 
While using this tool can save time for the analyst or the consultant and provide a few useful graphs 
as shown in the chapter 5, the development used during the thesis can be discussed. Besides, the tool 
has only limited analysis and cannot provide for a complete performance assessment of an operating 
room. 

 

6.1 – The advantages and the drawbacks of the tool 
 
As already said this tool provides a first preliminary analysis with common and standard graphs which 
are almost produced every time a performance assessment is made. With the minimum amount of 
data, a few needed and consensual indicators are implemented. Thus, it will automatically save some 
time to the consultant, which is multiplied by the number of assessment he/she performed in a year. 
 
Without a tool, the consultant must start from the database to analyze from scratch the indicators 
he/she wants to follow and analyze. This would practically mean he/she has to do almost the whole 
implementation work done in this thesis (the automatization is not searched in this case which means 
that some shortcuts can be taken). While some analyses are specific to each hospital, there is a 
common ground, illustrated by the consensus reached by the Delphi and by the graphs presented 
before.  
 
To compare, consultants spend easily between a week and a week and a half to do all the analyses they 
need when they must start from nothing (cleaning the data not included). With this tool, they can 
have these essential graphs in less than half a day. They will obviously need to go further into the 
analysis and increases the time spent working on a hospital but since they will do it, with or without 
the tool, they save the time at least for the implemented graphs. Moreover, even though the 
consultants want another graph not already in the tool, some calculations have been already made for 
some indicators and can be reused to implement these new analyses.  
 
Moreover, this tool can be used by the management staff of a hospital. When they want to change the 
organization of the operating room, they should conduct analyses to be sure not to engage some 
money which is not necessary. For example, surgeons can feel the need for an extra room and ask the 
management to fund it. A new room is expensive, and the management will not accept to spend money 
if there is no need to. Having a few indicators such as the occupancy rate or the overtime rate can be 
crucial. The tool can be used for this purpose and save a non-negligible amount of money if the 
operating room does not need the room. This saved money will then directly be used to enhance the 
patient experience and to improve over areas of the hospital, which could benefit more the patients. 
 
However, this tool does not exempt the analyst to clean the data beforehand and removing some 
surgeries which are not well-filled in the database. This takes some time which cannot be avoided by 
this tool. In the tool are implemented some check-up errors like if the surgery does not have any 
corresponding time slots (and vice versa, if the time slot does not have any corresponding surgery), 
or if two successive surgeries are overlapping. Nevertheless, these check-ups do not cover all the 
errors which can exist in a database and should be done at the end of the cleaning process to refine 
and correct the last mistakes. Indeed, removing a surgery once all the database is copied and pasted 
will break some formula (a glitch appears), and all of them need to be actualized. 
 
When tried in this hospital, some functionalities needed to be adapted to fit the hospital data. For 
instance, for the overlapping check-up, full dates were supposed to be part of the format of the data 
(DD/MM/YYYY HH:MM:SS). However, the hospital tested in chapter 5 has the data only with 
HH:MM:SS. Then, the if-condition checking if the milestones were effectively one after the other 
could be false if milestones were both before and after midnight, leading to an abnormally high 
amount of time for the round-the-clock cares. Another more important issue was the ranking of the 
procedures for the surgical time's analysis. It occurred more than once that some of the procedures 
were ex-aequo, and thus the utilization of RANK() was no longer relevant. Another method must be 
chosen putting arbitrarily the following number for the second present in the list. This shows the 
difficulty of creating a standard tool for all the hospitals which do not have the same data, to begin 
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with. The tool should be then accessible for everyone to change it, even though they have not 
developed it. Before the end of the thesis, a how-to-use guide will then be edited for all the users, 
precising the definitions and the methods used to implement all the indicators. 
 
These assumptions and choices can constraint the analyst as well. As already said, a consensus on the 
definitions for each indicator is not easily reached, even though they are commonly used for each 
performance assessment. For this thesis, the ANAP’s definitions have been chosen as a French 
reference on the hospital performance, and if they did not exist, the one commonly found in the 
scientific papers. They might not please every analyst who will use the tool. Recreating the code for 
each user is not the purpose of this tool. Parameters have been set to be able to adapt to each hospital 
as much as possible, but for the implementation of the indicators, there is a limit of how flexible the 
tool is. Then, either the analyst accepts the approach chosen for the tool or rejects the provided results. 
 
The tool is an evolutive one. If one analyst/consultant wants to implement another graph because 
he/she feels he/she will need it for his/her analysis, he/she can code it and integrate it to the frame 
of this tool. By wanting to have a consensus of indicators and an average opinion of what experts are 
looking for when it comes to using this sort of tool, it may fully satisfy no one. However, at least, the 
adaptation to how each person works and analyzes the operating room performance is not taking a 
lot of time. Instead of trying to include all the graphs every people want, only a few ones which will be 
used by everyone were implemented, even if the quantitative analysis is not completely done by it. In 
future utilizations, some new commonly used graphs may come up. They will then be implemented 
as well along with the others already done. 

 

6.2 – The limited value of the results of the Delphi method 
 
The results of the Delphi method directly depend on the composition of the group of the experts. 
Using a consensus method as the Delphi one was a useful and easy way to gather experts’ opinions 
and to add scientific values to the results of the tool. Instead of just asking an experimented manager 
at Medtronic what they analyze when they assess an operating room performance, the Delphi method 
enables to include some external points of view and expends the scope of these results to a more 
operational one. This thesis was meant to be neutral and not Medtronic-dependent. 
 
However, the thesis might not have managed to attract enough of them: only one person from the 
institution ANAP and one operating nurse have accepted to be part of the questionnaire. The rest of 
the experts are from Medtronic. The person from ANAP and the one working in the operating room 
are both contributing and adding to this goal, and they have valuable inputs which cannot be guessed 
by consultants, but some people might not consider it enough. 
 
Besides, only five to seven people have participated in each round. With the 80/20% rule to accept or 
reject an indicator, it means that for an indicator to be accepted, only one person should reject it, and 
vice-versa. It does not allow a lot of flexibility and most of the indicators finish into the debatable 
types. 
 
Nevertheless, the process has respected how a Delphi method should be conducted and validates the 
result obtained at the end. To become a real scientific approach, one wants to gather more experts 
and to let more time for each round to enable everyone to answer the questionnaire. This will enable 
to confirm the indicators chosen in the frame of this thesis Because of the time constraints of this 
thesis, the experts had to answer within a week for each round, which has prevented some people 
from answering because they were feeling it was too late to answer. Besides, because of the time 
constraints of this thesis, the indicators were already indicated, and the experts had to choose between 
them if they want to keep it or reject it. Another interesting point of view which can bring other results 
would be to build a more opened questionnaire giving more freedom to the experts. It might bring 
other results and may give other ideas of indicators. During this Delphi, there were empty slots for 
the experts to express themselves and indicate missing indicators. 
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6.3 – The lack of logic and connections between the graphs 
 
An attempt to sort out the graphs into a certain logic, from a macroscopic to a microscopic point of 
view, and from the overall performance of the human resources analysis has been made. However, 
this logic is based on the few indicators which have been chosen by an independent method by people 
who are not directly involved in the implementation of the tool. Thus, when the indicators have been 
chosen, the logic of analysis between them has not been considered and having dissociated these two 
processes seems to be counter-productive. 
 
The waterfall is the perfect example to understand this situation. As already said, its main purpose is 
to give a first broad picture of how efficient the operating room is by using a few different indicators. 
Even though an operating room is managing well the time at when the first patient came into the 
room, it does not necessarily mean that there is not a room which is having issue with its first patient. 
Therefore, because this indicator is not implemented for each room, the analyst can miss an important 
conclusion which should have been made. The Delphi method only chooses to calculate the overtime 
and the real occupation time span for each room. 
 
Using the Delphi method to choose the indicators might cause a few holes in the analysis. 
Nevertheless, this tool does not aim to produce a complete quantitative performance assessment, and 
it then seems understandable and normal. The analyst/consultant will then need to complete them 
by him/herself with his/her own experience or integrate the graphs into their analysis process.  
 
Otherwise, a more complete and detailed methodology than the one used in this thesis could be done 
to resolve this issue. There may be another method than the Delphi which has not be studied in this 
thesis and which could be better for this purpose. Moreover, another version of this tool can be 
developed further on when more audits will be conducted towards operating room’s hospitals. The 
more tested, the more improvements can be included in the tool accordingly to how people felt when 
using it. 

 

6.4 – Creating predictive results from previous data 
 
The tool is only based on the hospital data from their previous activity. These data can be easily 
accessed in a hospital today. Thus, when the operating room performance is assessed to make future 
decisions, only previous data are considered. Sometimes, to be more representative, not data from 
the last months are considered, but more previously in order to create the most representative data 
possible. 
 
An interesting and a challenging improvement of this tool would be not only to state the actual state 
of the operating room but to create some scenarios and predict the results of what could these 
assumptions provoke.  
 
For instance, a touching point for an operating room is the management of the emergencies. They 
always take the place of planned surgeries which must be done outside of the time slots, creating some 
overtimes. To prevent this from happening, an operating room can decide to book one or several time 
slots for only emergencies. Thus, it will no longer remove the surgeries from the planning. However, 
if there is no emergency, an open time slot will be empty, meaning that a complete team of 
paramedical staff has been mobilized for nothing. Choosing to do such a change can be either an 
excellent or a disastrous choice for an operating room. 
 
Thus, the tool can include a model simulating what this exclusive time slot can change if implemented. 
With more advanced mathematical tools like optimization with constraints, this model can provide 
how many hours should be available for emergencies every week when looking at the previous data. 
Then, an update on the performance of the operating room can be drawn and shows if booking a room 
for a certain amount of time during the week is beneficial or not for the hospital. 
 
This was just an example, it can further on by just seeing what happens if a time slot is removed or 
changed for another medical specialty or creating a time slot for only outpatients. Building predictive 
models can become the next step for these tools assessing the operating room performance. 
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6.5 – The user in the hospital 
 
Nowadays, it is understood in the operating room that there are such things as indicators which 
monitor its performance. However, using and understanding what they mean require more training, 
especially because of the complex implementation and the different cases introduced earlier. 
 
Because of their management skills and what they are doing their daily life, nurses and especially the 
chief of the operating room might be the people who should oversee this work. In comparison, doctors 
will never take the time to track the performance of its operating room because their time costs more 
and they have surgery skills that no other people in the staff have. However, they should be trained to 
understand them as well, so they still can have proper discussions with the nurse in charge of 
following-up these indicators and adapt their behavior in case there are some modifications to apply. 
 
During the development of the tool, it should be remembered who might use the tool in a hospital and 
try to adapt it accordingly. There is no need to complexify the tool too much and but instead one needs 
to try to pinpoint the needed analyses for the user of the tool. 
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Conclusion  
 
Often efficiency and performance are discussed mostly in the context of factories or companies with 
production sites. However, more and more, theories such as the lean management can be applied to 
areas like hospitals. Indeed, hospitals can be seen as mid-sized companies composed of flows. 
 
Thus, the hospital management strives to reduce the cost and to provide maximum benefits to a 
patient. To do so, they should follow some key performance indicators for their operating room, where 
most of the money is made. Usually, dashboards gather simple indicators and state the evolution of 
the performance of the operating room and enable the management to see if a corrective action needs 
to be taken. 
 
However, these dashboards have the drawback of being often oversimplified with only a limited 
number of indicators. On the other hand, when other organizations are trying to build some 
dashboards, they can become too complicated to be useful, with too many indicators to make non-
trained people unable to use them. 
 
This thesis provided a way to be between these extremes by developing a tool with a few chosen useful 
indicators. To do so, a literature review of operating room performance was done to provide a better 
understanding of the processes in the operating room and its complexities. Also, state-of-the-art of 
the existing tools to assess the hospital performance and the consensus methods was reviewed and 
analyzed. Based on these findings, the Delphi method was used and managed to gather a few experts 
to discuss all the indicators found in the literature review. Thus, the only implemented indicators were 
the ones decided to be fundamental for this type of work. From there a few graphs and visualizations 
have been drawn and a test in a real hospital has been made to validate the tool.  
 
This tool is a help for consultants and for hospitals to save their time, and possibly money, and 
dedicate more time to improve the healthcare efficiency in hospitals increasing the patient benefits 
and experience.  
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Appendices 
 

Appendix A - Medtronic IHS 
 

Medtronic 

 
Medtronic is the biggest seller of medical devices in the world and is composed of four different 
business units (Medtronic, 2017): 

- CardioVascular Group (CVG): peripheral vascular and aortic diseases, cardiac arrythmia and 
insufficiency, and coronary diseases and cardiac surgery, 

- Diabetes group (DG): intensive insulin therapy management, non intensive therapy, services, 
and solutions, 

- Mini-Invasive Therapy Group (MITG) (formerly Covidien): new technologies, patient 
monitoring, and recovery, and surgerical innovations, and 

- Restorative Therapy Group (RTG): neuromodulation, neurovascular, orthopedics, spine and 
surgical technologies. 

 
In 2017, more than 88,000 people are working in Medtronic in around 160 countries and in more 
than 480 places, for a sales revenue of 29,7 bilions of dollars. As one of the leader in the healthcare 
industry, Medtronic’s mission is built around the wellness of patients by applying the knowledge from 
medical engineering. Every two seconds, someone in the world is using one of Medtronic’s devices. 
In France, Medtronic represents 1,300 employees spread around six different geographic areas 
(Medtronic, 2017). 

 

Medtronic IHS 

 
Nowadays, hospitals are facing new challenges. As the population is getting older and older and 
chronic diseases are becoming more and more prevalent, care consumption is continuously growing 
in France. On the other hand, the economic constraints are important (in 2017, French hospitals will 
charge 0,9% less than 2016 (Touraine, 2017)) which make the government ask hospitals to strive for 
efficiency and to streamline the utilization of available resources.  
 
For the private industries’ point of view, the competition is getting tougher, the prices tend to get 
lower (coronarian stents prices have been decreasing between 7 and 9% between 2014 and 2016 
(Official Journal, 2014)) while expenses in research and development have never been that high. 
 
To face this, health industries and hospitals need to go through a deep modification of their 
relationship. A few enterprises are developping a unit dedicated to services and solutions to help 
healthcare facilities to take up these challenges. 
 
This is what Medtronic Integrated Health Solutions is all about. Created in different countries in 
Europe, IHS represents the fifth business unit and works with the over four ones to accompany 
hospitals to install their new Medtronic equipment. In total, IHS has 110 long-termed contracts for a 
value of around $2,4 bilion (these contracts last several years, this figure is then the total value of 
these contracts and does not represent what Medtronic has earned during the financial year 2017). 
figure 26 shows their repartition worldwide. 
 



73 
 

 
Figure 26 - Repartition of IHS's contracts around the world (Medtronic, 2017) 

Compared to classic consulting companies, Medtronic IHS does not have any short-time contracts 
(six months in regular consultancy enterprises), the time for a classic audit and to set a list of actions 
which the hospital needs to do, but they usually last for several years. By doing so, IHS can conduct 
long and interesting projects and be sure the hospital will be able to be autonomous when the 
company has finished its mission and is no longer in the hospital helping them. With a shorter 
contract, there is a non-negligible risk for the hospital to come back to its former situation.  
 
Moreover, IHS engages itself to provide these results: if they are not reached, the division will not 
perceive the total amount decided in the contract. Indeed there is a bonus/malus part of between 20 
and 30% of the total price of the consulting part of the whole contract. This means that the hospitals 
will pay anyway the fixed part of 70-80% and then, depending on the results, the remaining part will 
be paid not at all, partly, in total or with a supplement. These results are discussed and negotiated 
with the hospital when the contract is written. So if they only manage to get to 80% of the goal, 
Medtronic will only have 80% of the variable part. On the contrary, if they succeed to have 110% of 
the goal, they will have 110% of the variable part. By doing so, Medtronic is really involved in the 
project and is willing to take risks for their performance on the field. 
 
Figure 27 details the hierarchy of Medtronic IHS. 

 

 
Figure 27 - Hierarchy of Medtronic IHS 
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Appendix B – List of indicators found in the literature review used in the 
Delphi method 
 

Indicator Definition Literature 

Absence rate 
Total amount of days of absence over the total 
amount of contracted days 

(Bonvoisin, et al., 
2017) 

Average occupation 
time of hospital bed 

Total amount of time a patient requires a bed (KPI Library, 2017) 

Average surgery 
time span 

Average of the time span during which a 
surgery is performed 

(Bonvoisin, et al., 
2017) 

Average time span 
between surgeries 

Average time span between two surgeries 
(Bonvoisin, et al., 
2017) 

Clinical hours per 
case 

Total amount of time the paramedical staff is 
spending with a patient 

(Wiliams & Wiliams, 
2016) 

Contribution 
margin per 
operating room 
hour 

Revenue generated by a surgical case minus all 
the hospitalization variables such as labor and 
supply costs 

(Choon Oh, Beng 
Phua, Chuen Tong, & 
Fuen Yen Lim, 2011) 
(Wiliams & Wiliams, 
2016) 
(ANAP, 2016) 
(Macario, A., 2006) 

Complications 

Unplanned events and complicating factors in 
order to determine which complications occur 
frequently and what solutions to develop in 
response to them. 

(Becker's Hospital, 
2012) 
(Wiliams & Wiliams, 
2016) 

Costs due to the 
underuse of 
operating rooms 

Total amount of money lost due to hours 
which were not spent for a normal utilization 
of the operating room during open time slots 

(Cardoen, 
Demeulemeester, & 
Beliën, 2009) 

Excess staffing 
costs 

How much money is spent while the operating 
room is under/overused 

(Wiliams & Wiliams, 
2016) 
(Macario, A., 2006) 
 

Extra hour rate 
Total amount of paid extra hours over the sum 
of paid FTE 

(Bonvoisin, et al., 
2017) 

Interim rate 
Total amount of work days done by an interim 
over the paid FTE 

(Bonvoisin, et al., 
2017) 

Medical supply 
costs per case 

Avarage disposable and implants cost per case 
(Wiliams & Wiliams, 
2016) 

Nosocomial 
infections 

Percentage of inpatients who aquire infections 
inside the hospital during hospitalizaion 

(KPI Library, 2017) 

Nurse monitoring 
Sum of the paid nurse’s FTE over the normal 
authorised FTE 

(Bonvoisin, et al., 
2017) 

Outpatient rate Percentage of outpatients per procedures (ANAP, 2016) 
Paramedical 
human ressources 
analysis 

Comparison between planed paramedical 
human ressources and paramedical human 
ressources actually used during surgeries 

(ANAP, 2016) 

Percent of locations 
used and what 
times they are used 

A number of anaesthetizing locations, the 
frequency of utilization and time of utilization. 
It enables people to know when it is 
under/overused and relocate human resources 
if needed. 

(Becker's Hospital, 
2012) 

Precision of 
estimated surgery 
time lengths 

The total number of surgeries whose surgery 
time spans were well estimated, over the total 
number of surgeries performed 

(Macario, A., 2006) 

Prediction bias 
The actual duration of the new case minus the 
estimated duration of the new case 

(Macario, A., 2006) 
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Projected VS actual 
bed occupancy 

Comparison between the number of bed which 
should be occupied and which is actually 
occupied 

(KPI Library, 2017) 

Postanaesthesia 
care unit admission 
(PCU) delays 

Percentage of workdays with at least one delay 
of ten minutes or greater in postanaesthesia 
care unit admission because of a full PCU 

(Macario, A., 2006) 

Potential for 
activity 

Total spent time for planned surgeries over 
potential time span (24h a day and 365 days a 
year) 

(Bonvoisin, et al., 
2017) 

Round-the-clock 
care rate 

Ration between the number of round-the-clock 
surgeries over total number of surgeries 

(Bonvoisin, et al., 
2017) 

Same-day 
cancellation rate 

Percentage of surgical procedures cancelled on 
the day of surgery.  

(Wiliams & Wiliams, 
2016) 

Schedule gaps 
between surgeries 

Total amount of time between surgeries when 
they are longer than 15 minutes (may be 
needed to distinguish between 15-30 minutes 
and more than 30 minutes) 

(Bonvoisin, et al., 
2017) 

Surgeons’ waiting 
time 

Length of time spent by surgeons waiting prior 
to the start of their scheduled surgeries 

(Choon Oh, Beng 
Phua, Chuen Tong, & 
Fuen Yen Lim, 2011) 

Surgery time span 
for the most 
common ones 

Among the most represented surgeries, the 
breakdown of the surgery time span and, if 
possible, a comparison with other healthcare 
facilities 

(Wiliams & Wiliams, 
2016) 

Surgery volume Total number of surgeries 
(Bonvoisin, et al., 
2017) 

Time span between 
two surgeries 

Total time span between two surgeries 
(Bonvoisin, et al., 
2017) 

Throughput Number of surgical cases per unit time 

(Choon Oh, Beng 
Phua, Chuen Tong, & 
Fuen Yen Lim, 2011) 
(Wiliams & Wiliams, 
2016) 

Training day rate 
Total amount of training days for paramedical 
staff over the total amount of contracted days 

(Bonvoisin, et al., 
2017) 

Turnover time span 
Amount of time between when the exit of the 
previous patient and the entrance of the new 
one. 

(Becker's Hospital, 
2012) 
(Wiliams & Wiliams, 
2016) 
(ANAP, 2016) 
(Macario, A., 2006) 

Unplanned 
surgeries rate 

Number of unplanned surgeries over total 
number of surgeries 

(Bonvoisin, et al., 
2017) 

Volume of activity Total time of surgeries 
(Bonvoisin, et al., 
2017) 

Table 11 - Literature review of indicators (alphabetical order) 

Appendix C – Delphi results 
 

First round 

 

Indicator 
Acceptation 

rate 
Proposed target Remarks 

Same-day 
cancellation 
rate 

83% 
Between 5 and 10%, 

compared to the 
program of the day 

- The target and the unit need to be 
adapted depending on the studied 
activity (medical specialty, surgery, 
…). 
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- Should the calculation be done 
compared to the previsional activity 
or to what should have been done 
normally? 
- Cancellations due to medical 
purposes and organisational 
purposes need to be separated. 

First-case delay 
rate 

83% 2,5% - 5% 

- This indicator does not take into 
account the number of delays. 
- A threshold from when the patient 
is considered as being late needs to 
be defined. 

Total first-case 
delay time 

17%  

- The average or median hour is more 
accurate. 
- This rate could be useful to 
calculate a “non-occupancy rate” in 
the beginning of the program but 
does not mean anything in itself. 

Maximum delay 17%  
- It is focusing too much on a few 
rare circomstances. 

Average time 
for the last 
patient 

33% 

Between -30 and 
+30 minutes of the 

planned end of 
program 

- This indicator is not really explicit: 
is it the time span between the end of 
the procedure and when the patient 
goes out of the room? An average 
hour of a patient getting out of the 
room? 
- It allows the analyst to have a look 
at the recurrence of overtimes. 

Overtime rate 
(volume) 

83% <5% 

- This indicator should be calculated 
with the opening time span but 
allows to have a look at the 
recurrence of overtimes. 

Unplanned 
surgeries rate 

83%  

- This rate will depend on medical 
specialties. 
- An emergency has to be 
distinguished from organisational 
matters. 
- This rate should be calculated 
against time: amount of time of 
unplanned procedures / real 
occupation time span. 

Surgeons’ 
waiting time 

0%  

- This sum is not easy to use and may 
be confusing. It might be useful to 
consider instead the average waiting 
time but it will be the same thing as 
the delay rate at the beginning of the 
program. 
- It might be difficult to measure 
since it is impossible to know if the 
waiting is because of the surgeon or 
of the patient. 
- Each procedure is different and 
requires a proper preparation. 

Clinical hours 
per case 

17%   

Average 
occupation time 
of hospital bed 

0%  
- The average time span of when the 
patient stays at the hospital is more 
useful. 
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- Is it about a medical unit bed or the 
surgery bed? 

Projected VS 
actual bed 
occupancy 

0% 90% 
- The operating room does not have 
any bed, this indicator does not seem 
to be fit for the tool. 

Complications 17%  

- This indicator is not an 
organisational indicator. 
- A clear definition of what is and 
what is not a complication needs to 
be done beforehand. 

Nosocomial 
infections 

0%  

- The result will be too low to be a 
rate. An occurrence (1/10,000) is 
more adequat. 
- This indicator is not an 
organisational indicator. 

Postanaesthesia 
care unit 
admission 
delays 

33%  

- A PCU bed’s occupation rate might 
be more useful. 
- How to identify at what time the 
admission at the PCU should have 
been done? 
- If the point of this indicator is to 
show how full is the PCU, the 
number of patients who had to wait 
is more useful. 
- This indicator indentifies cloggings 
in the PCU pathways and shows if the 
delay is due to the lack of space in the 
PCU. 

Amount of 
surgeries 

100%   

Volume of 
activity 

67%  

- This rate only makes sense when 
looking at the amount of available 
time slot. 
- It gives an indication of the dayly 
workload. 

Average time 
span of 
surgeries 

67%  

- This indicator should be monitored 
once in a while but not on a regular 
basis. 
- It is important if focused on some 
chosen procedures and followed in 
time. 

Precision of 
estimated 
surgery time 
lengths 

17%  

- A standard deviation might be more 
relevant. 
- It might not be useful to include it 
in the tool but needs to be checked 
from time to time. 
- A tolerance pourcentage for the 
procedure time span should be 
defined. 

Prediction bias 33%  

- A difference with the average would 
be more relevant. 
- This indicator is to be implemented 
from time to time to take some 
precise decisions. 

Surgery time 
span for the 
most common 
ones 

67%  
- This indicator is to be implemented 
from time to time to take some 
precise decisions. 
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- The national benchmark seems to 
be complicated. 
- Instead of using the most 
represented surgeries, taking into 
accoung the 80% top surgeries of the 
operating toom is more relevant. 
- It will provide a better precision in 
the programing phase. 

Opening rate 67% 85% 

- This indicator is interesting for a 
benchmark purpose but less for an 
organisational one. 
- This rate could be useful for 
surgeons. 

Occupancy rate 100%  
- The unplanned surgeries within a 
time slot should be taken into 
accound in the calculation too. 

Potential for 
activity 

0%   

Time span 
between two 
surgeries 

17%  
- This indicator is useful only if it is 
used against the opening time span. 

Average time 
span between 
surgeries 

83% < 5-15 minutes 

- The definition of the time span 
between surgeries needs to be clear, 
especially at the beginning and the 
end of the procedure (closing, 
waking-up, wheels-out, biocleaning 
time, …). 

Schedule gaps 
between 
surgeries 

33%  

- This indicator needs to be measured 
against the opening time span and 
only if it is possible to link it with the 
corresponding events. 
- This time has to be within the time 
span between two surgeries, or the 15 
minute threshold needs to be raised. 

Round-the-
clock care rate 

67%  

- This indicator needs to be measured 
against the opening time span. 
- It might be more useful to measure 
it in a time unit and not against the 
volume of activity, and/or against the 
total real occupation time span. 

Outpatient rate 67%  

- This indicator is not an operating 
room indicator. 
- It can be useful for the healthcare 
facilities which are currently 
questionning their outpatient 
pathways. 
- The target depends on the 
procedure but a national benchmark 
for some of them exists. 

Medical supply 
costs per case 

33%  
- This indicator is very difficult to 
implement, if not impossible. 
- The HR cost needs to be added to it. 

Contribution 
margin per 
operaing room 
hour 

50%  

- This indicator is very difficult to 
implement, if not impossible. 
- Some surgeons will prefer some 
surgeries compared to others because 
of the money at stake. 
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- The cost of a procedure in itself is 
meaningless but the cost of a total 
pathway has more value. 

Early end of 
program rate 

83% < 5% 

- This indicator has to be considered 
with the average procedure time 
spans which have been planned for 
each procedure. 

Nurse 
monitoring 

17%  
- The normal amount of nurse’s FTE 
remains to be defined and will 
depend on the medical specialties. 

Extra hour rate 67%  

- This indicator might be too low to 
be interesting. 
- It is not operational enough. 
- It is almost the same as the 
overtime x the hour cost of the staff. 
- It enables the management to know 
if there is enough staff on the field. 

Absence rate 50%  
- It is already calculated by hospital’s 
HR department. 

Training day 
rate 

0%   

Interim rate 33%  

- This rate has to be implemented 
beside and not in an organisational 
tool. 
- It enables the analyst to see if the 
delays are due to the non-
accustomed staff. 

Turnover rate 33%  

- This rate has to be implemented 
beside and not in an organisational 
tool. 
- Resignations and internal mobility 
need to be distinguished. 
- It shows if the staff feels well at the 
job they are doing. 

Costs due to the 
underuse of 
operating 
rooms 

50%  

- This rate has to be implemented 
beside and not in an organisational 
tool. 
- This indicator might be interesting 
in FTE. 
- It might have an educational effect 
on the surgeons. 

Excess staffing 
costs 

50%  

- This rate has to be implemented 
beside and not in an organisational 
tool. 
- This indicator might be interesting 
in FTE. 
- This indicator depicts a direct 
overcost which may be linked to the 
non-occupancy of the opening time 
span and overtimes. 

Paramedical 
human 
ressources 
analysis 

83% 95% 

- The analysis can be performed in 
two ways: a global rate and a more 
detailed one with a view every thirty 
minutes which links the occupancy 
rate and what is needed in the room 
with available ressources. 

Table 12 - Results of the first round of Delphi (in green the accepted indicators, in red the rejected ones, and in 
orange the ones which still should be debated) 
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Second round 

 
 

Indicator 
Acceptation 

rate 1st round 
Acceptation 

rate 2nd round 
Remarks of the 1st and 2nd round 

Average time 
for the last 
patient 

33% 14% 

- This indicator is not really explicit: 
is it the time span between the end of 
the procedure and when the patient 
goes out of the room? An average 
hour of a patient getting out of the 
room? 
- The overtime rate is more 
interesting for the analyst. 
- It allows the analyst to have a look 
at the recurrence of overtimes. 

Postanaesthesia 
care unit 
admission 
delays 

33% 0% 

- A PCU bed’s occupation rate might 
be more useful. 
- How to identify at what time the 
admission at the PCU should have 
been done? 
- If the point of this indicator is to 
show how full is the PCU, the 
number of patients who had to wait 
is more useful. 
- The ten minutes threshold might be 
too strict for some healthcare 
facilities. 
- The lack of space in the PCU is 
more of a qualitative indicator than a 
quantitative one. 
- This indicator indentifies cloggings 
in the PCU pathways and shows if the 
delay is due to the lack of space in the 
PCU. 

Volume of 
activity 

67% 57% 

- This rate only makes sense when 
looking at the amount of available 
time slot. 
- It gives an indication of the dayly 
workload. 
- It can be useful if compared to 
previous time’s volume of activity. 

Average time 
span of 
surgeries 

67% 29% 

- This indicator should be monitored 
once in a while but not on a regular 
basis. 
- It depends on the type of activity. 
- It is important if focused on some 
chosen procedures and followed in 
time. 
- It could be useful for the 
programing if there are enough 
surgeries. 

Prediction bias 33% 43% 

- A difference with the average would 
be more relevant. 
- This indicator is to be implemented 
from time to time to take some 
precise decisions. 
- It will help the surgeon to define 
their program. 
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Surgery time 
span for the 
most common 
ones 

67% 43% 

- This indicator is to be implemented 
from time to time to take some 
precise decisions. 
- The national benchmark seems to 
be complicated. 
- Instead of using the most 
represented surgeries, taking into 
accoung the 80% top surgeries of the 
operating room is more relevant. 
- It will provide a better precision in 
the programing phase. 
- It will be more useful if calculated 
on an hourly average and not against 
real occupation time span. 

Opening rate 67% 57% 

- This indicator is interesting for a 
benchmark purpose but less for an 
organisational one. 
- It depends on the nature of the 
activity and managerial choices 
which have been made when 
dimensioning. 
- This rate could be useful for 
surgeons. 
- It can be useful to have it when the 
management is thinking about 
opening a new room or decreasing 
the time slots. 

Schedule gaps 
between 
surgeries 

33% 71% 

- This indicator is useful but not 
directly. The analyst might need to 
calculate them when they have been 
shown to be too important. 
- This time has to be within the time 
span between two surgeries, or the 15 
minute threshold needs to be raised. 
- It needs to appear in the operating 
room occupancy analysis, without 
looking at the qualitative causes of 
them. 
- It is useful in an audit frame. 

Round-the-
clock care rate 

67% 71% 

- This indicator needs to be measured 
against the opening time span. 
- It might be more useful to measure 
it in a time unit and not against the 
volume of activity, and/or against the 
total real occupation time span. 
- Is this indicator really from the 
chief of the operating room? 
- This rate can be interesting when 
choices about how the round-the-
clock care should be in the hospital 
are made. 

Outpatient rate 67% 57% 

- This indicator is not an operating 
room indicator. 
- It can be useful for the healthcare 
facilities which are currently 
questionning their outpatient 
pathways. 
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Medical supply 
costs per case 

33% 29% 

- This indicator is very difficult to 
implement, if not impossible. 
- The HR cost needs to be added to it. 
- It can be calculated punctually to 
have an idea of average costs. 
- It can be interesting for a few 
chosen surgeries in the frame of a 
protocol or specific experiments. 

Contribution 
margin per 
operaing room 
hour 

50% 29% 

- This indicator is very difficult to 
implement, if not impossible. 
- Some surgeons will prefer some 
surgeries compared to others because 
of the money at stake. 
- The cost of a procedure in itself is 
meaningless but the cost of a total 
pathway has more value. 
- It can be interesting for a few 
chosen surgeries in the frame of a 
protocol or specific experiments. 

Extra hour rate 67% 71% 

- This indicator might be too low to 
be interesting. 
- It is not operational enough and is 
available in the HR department. 
- It is almost the same as the 
overtime x the hour cost of the staff. 
- It enables the management to know 
if there is enough staff on the field. 
- Having the cost linked to the extra 
hours will complete the view on the 
overtime rate. 

Absence rate 50% 29% 
- It is already calculated by hospital’s 
RH department. 

Interim rate 33% 14% 

- This rate has to be implemented 
beside and not in an organisational 
tool. 
- It can be used when there are 
precised questions which need to be 
answered but not on a regular basis. 
- It enables the analyst to see if the 
delays are due to the non-
accustomed staff. 

Turnover rate 33% 43% 

- This rate answers precise questions 
and should not be followed regularly. 
- Resignations and internal mobility 
need to be distinguished. 
- It should be available in the HR 
department. 
- It shows if the staff feels weel at the 
job they are doing. 

Costs due to the 
underuse of 
operating 
rooms 

50% 43% 

- This rate is more useful when 
calculated punctually. 
- It can be deduced from the number 
of hours during when the operating 
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room was not used and from the 
theoretical FTE. 
- This indicator might be interesting 
in FTE. 
- It might have an educational effect 
on the surgeons. 

Excess staffing 
costs 

50% 29% 

- This rate has to be implemented 
beside and not in an organisational 
tool. 
- The “Excess hour rate” indicator 
gives a better idea with a less 
judgmental point of view. 
- This indicator might be interesting 
in FTE. 
- This indicator depicts a direct 
overcost which may be linked to the 
non-occupancy of the opening time 
span and overtimes. 

Emergency rate  86% 

- This indicator has a non-negligible 
organisational impact: should the 
hospital dedicate a room for 
emergencies? What about the 
organization of unplanned surgeries? 
- The number of emergencies and the 
total amount of time for emergencies 
should appear. 

HR cost per 
surgery 

 14% 
- This indicator is not appropriate 
and too complicated to calculate 

Table 13 - Results from the second round of the Delphi questionnaire 

 
 

Third round 

 
 

Indicator 
Acceptation 

rate 1st 
round 

Acceptation 
rate 2nd 
round 

Acceptation 
Rate 3rd 
round 

Remarks of the 3rd 
round 

Volume of 
activity 

67% 57% 100%  

Average time 
span of 
surgeries 

67% 29% 40% 

- This indicator might be 
useful if calculated for 
some surgeries or medical 
specialties but punctually 
and not on a regular basis. 

Prediction bias 33% 43% 20% 
- This indicator is too 
specific and difficult to 
calculate. 

Surgery time 
span for the 
most common 
ones 

67% 43% 40%  

Opening rate 67% 57% 40%  

Schedule gaps 
between 
surgeries 

33% 71% 100% 

- This indicator is a good 
one to reveal a fine 
operating room 
organization. 
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Round-the-
clock care rate 

67% 71% 100%  

Outpatient rate 67% 57% 20% 

- In an operating room, 
this indicator is not 
properly monitored and 
there is a lot of fake 
outpatients who are taken 
into account. 
- For an operating room, 
flows matter more than 
where the patient is 
sleeping after the surgery. 

Medical supply 
costs per case 

33% 29% 20%  

Contribution 
margin per 
operaing room 
hour 

50% 29% 20%  

Extra hour rate 67% 71% 40% 
- The indicator is 
correlated with the 
overtime rate. 

Absence rate 50% 29% 20% 
- It is a basic humain 
resources indicator. 

Turnover rate 33% 43% 60% 

- It can give an indication 
of the seniority of the 
paramedical staff, and 
eventually its efficiency.  
- It is a relevant operating 
room atmosphere 
indicator. 

Costs due to the 
underuse of 
operating 
rooms 

50% 43% 60% 

- The notion of cost might 
be tricky to use and it 
might be preferable to use 
“lost hours”. People can 
interprete this indicator in 
a wrong way.  

Excess staffing 
costs 

50% 29% 40%  

Table 14 - Results from the third round of the Delphi questionnaire 
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Appendix D -  The parameters of the tool, chosen for the example of the 
performance assessment of the hospital. 
 

Parameter type Parameter Definition Value 

Bio-cleaning 

Bio-cleaning 
threshold 

The threshold which enables to 
know the time length of the bio-
cleaning 

00:30 

Bio-cleaning 
maximum 

If the surgery lasts more than the 
value of the threshold, the bio-
cleaning will be this amount of 
time 

00:10 

Bio-cleaning 
minimum 

If the surgery lasts less than the 
value of the threshold, the bio-
cleaning will be this amount of 
time 

00:05 

Round-the-clock 
(RTC) cares 

Beginning of the RTC 
cares  

The time at when the RTC cares 
begins 

18:00 

End of the RTC cares 
The time at when the RTC cares 
ends 

07:30 

First limit between 
overtimes and RTC 

cares 

The time span before the first 
vacation during when cares are 
considered as overtimes and not 
RTC cares 

 
01:00 

Second limit between 
overtimes and RTC 

cares 

The time span after the last 
vacation during when cares are 
considered as overtimes and not 
RTC cares 

01:00 

Lunch break 

Length of the lunch 
break 

The time length of the lunch 
break which needs to be deduced 
from the opening time span 

00:30 

Regular beginning of 
the lunch break 

The regular beginning of the 
lunch break which enables to 
target the opening time spans for 
which the lunch break needs to 
be deduced 

12:00 

Regular end of the 
lunch break 

The regular end of the lunch 
break which enables to target the 
opening time spans for which the 
lunch break needs to be deduced 

12:30 

Preparation and 
cleaning of the 

room 

Preparation 

The amount of time which needs 
to be deduced to the first 
opening time span of the day to 
prepare the rooms 

00:00 

Cleaning 

The amount of time which needs 
to be deduced to the last opening 
time span of the day to clean the 
rooms 

00:00 

Analysis of the 
surgery times 

Threshold to limit the 
top surgeries 

The part of the activity which 
will limit the surgeries 
considered for the analysis of the 
surgery times 

80% 

Table 15 - Parameters chosen for the hospital tested in chapter 5  
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Appendix E -  Screenshots of the tool (in French) 
 
 

 
Figure 28 - Screenshot of the Sheet 1: Information 

 

 
Figure 29 - Screenshot of the Sheet 2: Parameters (in blue are enlighted the parameters the user needs to 

change) 
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Figure 30 - Screenshot of the Sheet 3: Human resources 

 
 

 
Figure 31 - Screenshot of Sheet 4: Time slots (layout not over yet, only dark green columns will need to be 

filled by the user, and the red ones will probably be hidden) 
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Figure 32 - Screenshot of Sheet 5: Medical diaries (same remark as for sheet 4) 

 

 
Figure 33 - Screenshot of Sheet 6: Results 
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Figure 34 - Screenshot of Sheet 7: Graphs 
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