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Abstract 
 
Simulation-based training (SBT) has become an integral part of postgraduate medical 
education and has been widely implemented in laparoscopic training programs all 
around the globe. It is an innovative approach to healthcare education that has the 
potential to increase patient safety and save costs by reducing the duration of the 
supervised clinical training on patients. The Copenhagen Academy for Medical 
Education and Simulation (CAMES) offers a variety of simulation-based training 
programs for multiple procedures. To allow decision-makers and stakeholders to make 
informed choices on the possible implementation and extension of CAMES' training 
programs in the education of healthcare professionals in Denmark, evidence on the costs 
and cost-effectiveness of SBT is therefore required. 
To provide this evidence, a collaboration between CAMES and the authors of this 
project was established in order to answer the following research questions: ‘’What is 
the cost-effectiveness of simulation-based training compared to the traditional 
apprenticeship model (no simulation-based training) in medical education? Thus, from 
a decision-makers perspective, which training program is preferable?’’ 
The analytical scope of this project is limited to laparoscopic surgery, specifically two 
abdominal procedures: laparoscopic cholecystectomy and laparoscopic appendectomy. 
Performing a decision-tree and cost-effectiveness analysis measuring complications rates 
and operative time, the effectiveness of SBT can be shown. Hence, SBT is the preferable 
training program. 
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1 Introduction 
 
Simulation-based training (SBT) has become an integral part of postgraduate medical 

education and has been widely implemented in laparoscopic training programs all 

around the globe as a supplement to clinical training in enhancing laparoscopic skills 

acquisition. In fact, it is a requirement to pass a simulation-based laparoscopic surgery 

course to be eligible to take the qualifying examination in general surgery in the United 

States (Franklin et al., 2017). There is abundant evidence that demonstrates the 

positive impact of simulation-based training in laparoscopic surgery on the competence 

and performance of surgical trainees in both simulated environments and real settings 

(Gardner et al., 2016). Even though the evidence continues to grow regarding the 

effectiveness of simulation-based training in laparoscopic surgery, persuading 

organizational and institutional leaders, and other stakeholders to make investments in 

these programs is currently a challenge. In order to justify the cost to these 

stakeholders, the added value of simulation based training in laparoscopic surgery needs 

to be clearly demonstrated to ensure sustainability and expansion of such programs. 

However, it does not help that there is sparse and incomplete evidence regarding the 

cost of simulation based training in the literature. A 2013 literature review found that 

only 6% of published studies of simulation-based education reported any cost outcome, 

and only 1.6% (15 studies in total) reported cost compared with other training 

interventions (Benjamin Zendejas, Brydges, Hamstra, & Cook, 2013). 

The Copenhagen Academy for Medical Education and Simulation (CAMES), organized 

under the center for Human Resources in the Capital Region of Denmark, develops and 

offers simulation-based training for healthcare professionals to increase the quality and 

safety of patient treatment and care (regionh.dk/CAMES 2018). CAMES offers a 

variety of simulation-based training programs for multiple procedures and wants to 

add several procedures in the upcoming years. 

To allow decision-makers and stakeholders to make informed choices on the possible 

implementation and extension of CAMES' training programs in the education of 

healthcare professionals in Denmark, evidence on the costs and cost-effectiveness of 
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simulation-based training is therefore required. To provide this evidence, a 

collaboration between CAMES and the authors of this project was established in order 

to answer the following research questions: What is the cost-effectiveness of simulation-

based training compared to the traditional apprenticeship model (no simulation-based 

training) in medical education? Thus, from a decision-makers perspective, which 

training program is preferable? 

 

However, due to the extensiveness of an economic evaluation of educational programs 

like simulation-based training (SBT), the analytical scope of this project is limited to 

laparoscopic surgery, specifically two abdominal procedures: laparoscopic 

cholecystectomy and laparoscopic appendectomy. These two procedures were mainly 

chosen, as they are the two most common laparoscopic procedures performed in 

Denmark in 2015 (Eurostat, 2017) and because they are the most frequently offered 

procedures at CAMES. 

 

Therefore, this thesis will shed light and analyze these two procedures, resulting in 

their associated costs and their resulting cost-effectiveness. Hence, this thesis is divided 

into eight chapters. After this introduction, a chapter on backgrounds follows, that sets 

the stage for simulation-based training in medicine and describes CAMES and the 

examined procedures in more detail. It also talks about what value simulation-based 

training brings to the healthcare industry and what parties can be considered as 

stakeholders of the training. Afterwards, the methodology used for this thesis is 

introduced, firstly describing health technology assessment (HTA), and the logic of 

economic evaluation with a decision-tree analysis and a cost-effectiveness analysis. The 

two groups needed for the economic evaluation are also described in the same chapter, 

together with their measurements. The decision-tree and cost-effectiveness analysis are 

finally conducted in chapter four, followed by a sensitivity analysis. A discussion 

including limitations of this study resumes the analysis. Shortly after, we touch on 

scalability and future research. Summing up, this thesis ends with a conclusion as a 

final chapter.  
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2 Background 
 
2.1 Simulation in health care 
 
Following the definition of Bradley (2006), simulation is defined as: 

 

“The technique of imitating the behavior of some situation or process (whether 

economic, military, mechanical, etc.) by means of a suitably analogous situation or 

apparatus, especially for the purpose of study or personnel training.” 

 

Nowadays, simulation is widespread in various fields of human endeavor (Bradley, 

2006). Its history goes back to military simulation and the construction of the game of 

chess in the sixth century (Rosen, 2008). The aviation industry uses high-fidelity flight 

simulation and increases non-technical skills of crews. Likewise, space programs have 

developed simulation for training and testing in an extensive matter. Further, the 

nuclear power industry is another example of an industry, that makes use of simulation. 

All the just mentioned groups have in common that, for each of them, testing in the 

real world would be either too dangerous or too expensive. This being sad, it is no 

surprise that the medical profession started introducing medical simulation in order to 

assure patient safety and performance improvement (Bradley, 2006). 

 

Clinical simulation has started to evolve in the second half of the 20th century and 

three movements can be considered as a driver for the modern era of the development 

of clinical simulation. 

The first can be seen as the work of Norwegian toy manufacturer Åsmund Lærdal, who 

worked together with anesthetists and developed “Resusci-Anne”, a part-task trainer 

that revolutionized medical training as it provided a low-cost, effective training model 

(Bradley, 2006). Nowadays, simulation is much more sophisticated and includes a wide 

range of models and manikins in support of resuscitation and basic skills training. 
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The second movement is in fact the first more sophisticated simulator called “Sim One” 

and was developed by Abrahamson and Denson in the end of the 1960s with features 

of the human patient (ibid.). The manikin had the following features: 

“It breathes, has a heartbeat, temporal and carotid pulse (all synchronized), and blood 

pressure; opens and closes its mouth; blinks its eyes; and responds to four intravenously 

administered drugs and two gases (oxygen and nitrous oxide) administered through 

mask or tube. The physiologic responses to what is done to him are in real time and 

occur “automatically” as part of a computer program.” (Bradley, 2006). 

However, despite its functionality and effectiveness, the Sim One failed to achieve 

acceptance in the field, mostly because the need for anything else rather than the classic 

apprenticeship model was seen and furthermore, because it was very costly to produce. 

Later, several university-based groups developed the production of sophisticated 

manikins further and could increase the clinical team-based training until today (ibid.). 

 

The third movement being the medical education reform, meaning that the need is 

finally seen that students are prepared as effective junior doctors after their 

undergraduate education (Bradley, 2006). Due to the intense curriculum during a 

medical student’s undergraduate curriculum, clinical and communication skills may 

come too short and therefore, a variety of programs facing this issue have been adopted. 

Moreover, a more specialized training in postgraduate studies can be beneficial and 

provides another environment where a medical education reform shows an improvement 

in performance. Even though much of this is at the lower end of the simulation 

spectrum, the opportunity of having methods for a constant evaluation of clinical skills 

has not been unseen and it has been argued, that these changes are long overdue and 

are in particular ethically the way to future clinical education (ibid.). 

 

Figure 1 graphically summarizes the drivers and backgrounds from three different 

perspectives (societal, political, and professional) and fills it with various arguments 

that support why and how learning through clinical simulation improves quality and 

consequently patient safety. 
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Figure 1: Influencers on simulation-based training1 

 

In clinical simulations, different types of simulators are commonly used and the latter 

will be briefly introduced in the next paragraphs. 

 

Part-task trainers 

Part-task trainers were developed to, as the name implies, train a specific part of the 

real procedure and may be a body part, limb, or structure (Bradley, 2006). The 

advantage of a part-trainer is, that the trainee can focus on the isolated task and can 

train it endlessly. Within the field of part-task trainers exist different levels of 

sophistication, examples for trainers at the upper end are Harvey and Simulator-K, 

high-fidelity cardiovascular systems designed to help trainees recognize differences 

while conducting a cardiac auscultation. Usually, some kind of feedback is directly 

given to the learner. Moreover, part-task trainers may be used alongside with simulated 

patients (SPs), that will be described in one of the following paragraphs. The 

simultaneous use can provide a realistic clinical environment where the learner has to 

combine both technical and communication skills (ibid.). 

 

                                     
1 Bradley, 2006. 
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Computer-based systems 

Computer-based systems differentiate mostly between multimedia programs, 

interactive systems and virtual reality and haptic systems. The first may be any form 

of video or audio to present specific situations and consequently adjunct to formal 

learning and teaching. Additionally, interactive systems allow an interaction between 

the learner and an interface that presents physiological or pharmacological variables 

that can be changed or manipulated through the trainee’s actions. Lastly, virtual-

reality and haptic systems belong to the most sophisticated simulators. Very often, 

these systems are combined with part-trainers and can be used in various surgical fields, 

such as endoscopy training, laparoscopic surgical techniques or vascular access training 

(Bradley, 2006). 

 

Simulated patients and environments 

Over the last two or three decades, simulated patients have found their place in medical 

education, in particular in undergraduate studies to encourage the development of 

communication skills. A simulated patient can be a professional actor simulating a 

patient’s story and may even mimic physical pain. Likewise, this task can also be 

fulfilled by a “real” patient, that has been trained to present her or his history in a 

standardized, reliable manner. Infrequently, trainees themselves may act as SPs in role 

plays (Bradley, 2006). 

 

Integrated simulators 

Integrated simulators combine sophisticated computer controls, whose functions can be 

controlled, with a manikin (ordinarily a whole body). The simulator will then output 

parameters, that can be electrical (monitor readouts) or physical (e.g. pulse rate or 

respiratory movements). Because the outputs are connected to the manikin, that will 

respond to the actions of the trainee, the learning experience is very realistic. The 

sophistication level of these simulators varies, there are high-fidelity as well as 
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moderate-fidelity simulators, whereas the latter consequently are available at a much 

lower cost than the high-fidelity ones. 

 
 
2.2 Simulation and value proposition 
 
As described in a section above, simulation-based training has a positive impact across 

a variety of medical and surgical specialties. The value that can be generated from this 

impact is discussed by Gardner et al. (2016), who describe the findings of a 

multidisciplinary panel in 2015 and introduce three pillars of value proposition: 

educational impact, patient care outcome, and costs. 

 

Educational impact 

SBT can help address the pressure that is put on institutions and surgical educators to 

steadily improve performance in the operation room, which should clearly not result in 

a higher risk for patients being operated. Nevertheless, the real educational value of 

SBT lies in addressing a range of unmet needs that are associated with traditional 

training (Gardner et al., 2016). For example, surgical educators’ time can be distributed 

and used more efficiently, as the basic training is undergone on a simulator and hence 

the educator can focus on the trainee during real patient care environments on more 

complex issues. Additionally, SBT offers the opportunity of a performance assessment 

of various competences of an individual throughout the whole career which can help to 

assess the operation room readiness of a trainee. Finally, through SBT, surgical 

educators are allowed to design innovate teaching methods and concepts and to further 

try them out without harming or risking patient security. Without SBT the majority 

of educators will most likely not innovate in their teaching methodologies but will 

continue to use conventional techniques, which may not permit the realization of 

trainees’ true potential (Gardner et al., 2016). 
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Patient care outcome 

The added value created by SBT regarding patient care outcome, is that it can improve 

the latter through a skill-transfer of the SBT to real environments. Gardner et al. 

(2016) describes a study stating, that physicians undergoing SBT compared to 

traditional apprenticeship training are able to give higher quality care relating to 

bedside procedures, in the OR and in crisis situations. Zendejas et al., (2013), for 

example, examine the effectiveness of a SBT focused on laparoscopic total extra-

peritoneal hernia repair and demonstrate higher performance scores, a reduction in 

operation time and a reduction in both intra- as well as postoperative complications 

for the group going through SBT compared to a control group that did not (Gardner 

et al., 2016). 

 

Costs 

Finally, costs of SBT must be taken into account to evaluate the value being provided. 

Costs include everything associated with the training, e.g. simulators, faculty time, 

training expenses, facility fees, and opportunity time (Gardner et al., 2016). However, 

the most important value cost-wise really is cost avoidance or savings. Those savings 

come from a decrease in complications and a decrease in costs of training learners in 

real environments, as neither procedures are not prolonged nor instruments are 

inefficiently used. Despite the costs importance in today’s clinical settings, they are 

rarely reported in most studies focusing on SBT (ibid.). Gardner and colleagues further 

emphasize on the importance of including cost analysis, e.g. cost-effectiveness studies, 

for future research in order to reach evidence for various procedures. 

 
 
2.3 Types of simulation-based training in surgery 
 
In the first section of this chapter, some different types have shortly been introduced, 

the following section focusses on the simulators that are used at CAMES and whose 

costs are taken into consideration. 
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Multimodality training 

Minimally invasive surgery (MIS) is one of the fastest growing areas in surgery and has 

evolved to often become the first choice for a large proportion of surgical procedures 

(Mulla et al., 2012). MIS is different from open surgery because of an increased need 

for hand–eye coordination to perform tasks via a video screen rather than under direct 

vision, and because of the increased need for manual dexterity to compensate for the 

use of long instruments, which can amplify any error in movement. There is also a 

fulcrum effect of the body wall: when the surgeon moves his hand to the patient’s right, 

the operating end of the instrument moves to the patient’s left on the monitor 

(Gallagher et al., 1999). Tissues must be handled carefully to compensate for the lack 

of touch sensation and there is also a lack of three-dimensional images (ibid). 

Achieving a professional level as a surgeon, implies a progression through the 

assessment of theoretical knowledge and operative skills, representing the base of 

Miller’s pyramid (Miller, 1990). The combination of various procedural skills defines 

the surgical craft (Mulla et al., 2012). Surgical training has traditionally been one of 

apprenticeship, where the surgical trainee learns to perform surgery under the 

supervision of a trained surgeon (Gurusamy et al., 2008). The apprenticeship model is 

based on the concept of Halstedian principle – see one, do one, teach one – wherein the 

trainee imbibed learning by observing his mentor and replicating the same (Kerr & 

O’Leary, 1999). However, this classic apprenticeship training is being questioned (Mulla 

et al., 2012). 

 

There are various factors that have led to the development of simulation-based training 

in MIS. These factors include the unique and complex nature of MIS procedures, the 

requirement for greater efficiency of surgical training due to resident duty hour 

restrictions and the stringent financial reality of the operating room environment, and 

most importantly, the legitimate increasing public demand to demonstrate some level 

of procedural competence prior to performing procedures in the human operating room 

(Andreatta et al., 2006). Ziv et al (2003) have suggested that simulation-based medical 

education is an ethical imperative, and that the use of simulation in training sends a 
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message that patients are to be protected whenever possible and are not to be used as 

a convenience of training (Ziv et al., 2003).  

 

There are different modalities of laparoscopic surgical training which includes training 

using a simulator. Simulators fall into 2 main categories: 1) physical (also known as 

box trainer (BT) or a video trainer (VT)) and virtual reality simulator (VRS) and 2) 

live animal training, human and animal cadaver training (Debes et al., 2010). 

 

Virtual reality (VR) training 

VRSs are computer-generated images of various objects/organs, akin to flight 

simulators for pilots (Debes et al., 2010). Simulation training, in addition to being an 

innovative way to teach, has also emerged as a method to decrease the error rates in 

surgery and improve patient care (Kahol et al., 2010). It offers certain generic 

advantages, which include opportunity for repeated practice, no harm to real patients, 

and round-the-clock availability (Mulla et al., 2012). It makes residents proficient 

before practicing their skills on patients (Issenberg et al., 1999). VR training is one of 

the many methods of laparoscopic surgical training and is currently aimed at improving 

psychomotor skills (Gallagher et al., 1999). To augment surgical training, various 

simulation methods have been used. 

Over the last two decades, laparoscopy simulators have undergone a swift development 

from simple, low fidelity physical training models to high fidelity virtual reality 

(computer based) models. Owing to the availability of and general access to high 

performance computers, it has become possible to develop, and implement computer 

based virtual reality systems in medical education along with widespread adoption of 

simulation technology in other aspects of surgical training (Larsen, Oestergaard, & 

Ottesen, 2012). 

Virtual reality training has been reported to improve the learning outcomes in different 

surgical procedures (Grantcharov et al., 2004; Hyltander et al., 2002; Munz et al., 2004; 

Seymour et al., 2002; Watterson et al., 2002). It also offers an ethical way of assessing 

the competency of a surgeon in performing a procedure without risk to the patient 
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(Munz et al., 2004). Gurusmay et al. (2008) demonstrated in a systematic review, that 

VR improved generic laparoscopic skills such as suturing or cutting (K. Gurusamy et 

al., 2008). They also demonstrated the effect of VR training on operative performance 

and operating time in another systematic review (2010). Furthermore, they found that 

the VR training decreases the operating time when compared with no supplementary 

training. The difference is approximately 10 minutes per procedure. They additionally 

managed to demonstrate that VR training improves the operative performance 

compared with no supplementary training. They were also able to show that VR 

training appears to decrease the operating time and improve the operative performance 

when compared with box-trainer training. 

Bridges et al. (1999) reported the average costs of this increased operating time to be 

about 12,000 US dollars per year per resident during the period 1993–1997 (Bridges et 

al., 1999). The complication rate is also higher for junior surgeons compared to senior 

surgeons (Kauvar, Braswell, Brown, & Harnisch, 2006). However, Bridges et al. (1999) 

did not include the cost of the complications in their cost analysis. 

Gurusmay et al. (2008) stated some potential advantages for VR over BT training 

which include: 

1. Two-handed tasks need to be followed closely using a second person for training. 

In VR trainers which follow the instrument tips, there is no need for the second 

person. In box-trainers with a fixed video camera, a distance has to be chosen 

so that the task can be viewed closely. The introduction of instruments cannot 

be followed. This violates the rule of always keeping the operating end of the 

instrument under vision, which is particularly important in those who are 

beginning their laparoscopic career. 

 

2. One of the other major problems with BT training is the ’trainer’ time. An 

expert is necessary for evaluation and feedback in BT training. In VR training, 

the computer evaluates every movement of the trainee and provides feedback 

after completion of the task (e.g., reports the number of movements, distance 
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moved by each hand, traces the path of movements, etc.). These can even be 

used for monitoring the improvement in skills. Thus, the virtual reality software 

can act as a ’virtual tutor’ and a regular training session every week is feasible. 

 

Box trainer (BT) Training 

The commercially available BTs, such as SurgiTrainer (U.S. Surgical Corporation, 

Norwalk, Connecticut) or Stryker equipment towers (Stryker, Kalamazoo, Michigan) 

use laparoscopic surgical instruments and equipment, and they are used frequently to 

train novice surgical residents on basic laparoscopic skills (Diesen et al., 2011). The 

equipment used in BT training includes: video monitoring, laparoscopes, and a variety 

of laparoscopic graspers and needle drivers. BT also uses an opaque box that attempts 

to depict the size of an adult human abdominal cavity, with prefabricated anterior slits 

through which trocars (access ports) and laparoscopic instruments that can be placed 

and manipulated all while viewing this on a video monitor. This allows a simple, low-

cost simulated laparoscopic experience, development, and practice of minimally 

invasive surgical skill sets (ibid).  

 

Animate Training 

The use of animate training laboratories has been touted as an important part of a 

surgical resident’s training where organ-specific or procedural skills are learnt (Scheeres 

et al., 2004). Animate training normally follows after a trainee has reached proficiency 

level in basic laparoscopic skills. It is used to teach advanced laparoscopic skills such 

as dissection, cutting, and coagulation (Van Bruwaene et al., 2015). However, animate 

training requires significant financial, time resources and appropriate facilities and 

personnel (Scott et al., 2000). In-vivo training on animal models continues to be perhaps 

the most sophisticated training method before resorting to real-time surgery and this 

is on account of the natural tissue properties inherent to the animal models (Ganpule, 

Chhabra, & Desai, 2015). These models are instrumental in acquisition of higher 

surgical skills such as dissection, suturing and use of energy sources, all of which are 

required in real-time clinical laparoscopy (ibid). 
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2.4 The Copenhagen Academy for Medical Education and Simulation 
 
The Copenhagen Academy for Medical Education and Simulation (CAMES) is a fusion 

of the Center for Clinical Education (CEKU) at Rigshospitalet (RH) and the Danish 

Institute for Medical Simulation (DIMS) at Herlev Hospital. 

CAMES is partly funded from and serves the two institutions; 1) Capital Region of 

Denmark, which runs all hospitals in the capital region, and 2) University of 

Copenhagen, Faculty of Health Science (Region, 2016).  

The overall domain of CAMES is medical education ranging from undergraduate to 

postgraduate education and faculty development as well as research and publications. 

CAMES has a simple, yet crucial vision: “All doctors should practice before performing 

procedures on patients” (Konge et al., 2015). Aligned with its vision, CAMES develops 

and offers evidence-based programs for healthcare professionals at a high international 

level to promote the quality and safety of patient treatment and care (Region, 2016).  

The CAMES-RH is located at the Teilum building at Rigshospitalet and offers a 

number of basic mandatory courses for medical students and also offers postgraduate 

surgical residents simulation-based training programs in several specialties, including 

general surgery, urology, gynecology, thoracic surgery, vascular surgery, 

ophthalmology, orthopedic surgery and ear-nose-throat surgery. All surgical residents 

from the 18 hospitals in the eastern part of Denmark can attend the courses at the 

Simulation Center at Rigshospitalet free of charge. The consultants responsible for 

education at the local departments of each hospital act as gate keepers to ensure that 

the simulation-based education fits into the individual curriculum of each trainee; 

simulation-based training should be scheduled immediately before performing 

procedures on patients (Konge et al., 2015). In February 2015, the politicians in the 

Capital Region of Denmark decided to make simulation-based training mandatory for 

every procedure. This decision with the increased budgets will allow the CAMES-RH 

to develop 5–6 new courses per year, with the plan to cover and offer more than 50 

clinical procedures by 2020. 
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2.5 Basic laparoscopic training course at CAMES 
 
One of the training programs offered at CAMES-RH is basic laparoscopy. Since 2013, 

CAMES-RH has been offering a regional cross-specialty training program in basic 

laparoscopy for first year residents in general surgery, gynecology, urology, and thoracic 

surgery. The program’s curriculum is unique in that it is designed with three 

components: the first step is a one-day course that covers the theoretical aspects of 

laparoscopy, the second step is self-directed training sessions with simulator training, 

during which trainees can book training sessions at the simulation center, where a 

simulator technician offers technical assistance and feedback (Thinggaard et al., 2016). 

The final step is reached once the resident achieves proficiency level on the simulator 

and the program is concluded with a one-day practical operative animal course 

(Bjerrum et al., 2015). With this unique training program, courses can be offered more 

frequently, surgical trainees from different specialties can benefit from it, and training 

resources and equipment can be optimally used. The three course components are 

described below in more detail. 

 

Theoretical course 

The theoretical course consists of a 7 hour-day of lectures paired with a practical 

introduction to training on BTs and VRS. The lectures cover the following topics: 

1. Review of the laparoscopy column 

2. Tool handling / ergonomic 

3. Insufflation technology and trocar placement 

4. El-surgery 

5. Complications with laparoscopy  

 

For BT training, the Training and Assessment of Basic Laparoscopic Techniques 

(TABLT) test is used. It consists of five different tasks: coordination, cutting, sharp 

dissection, blunt dissection and cyst removal. After passing the test, participants move 

onto training with the VRSs. The simulator used is LapSim (Software Version 2014, 

Surgical Science, Gothenburg, Sweden). The training is finished once seven basic 
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exercises and the bleeding ectopic pregnancy module is passed (Thingaard et al., 2016). 

The following photos provide an overview of the first training on both BTs and VRSs. 

     
 

Self-directed training sessions 

Once the theoretical course is completed, the residents can continue with the second 

component of the training program, the self-directed proficiency-based simulator 

training sessions on the same equipment used in the theoretical course (VRS and BT). 

Using a web-based booking system, residents can book 2-hour training sessions at the 

simulation center during the daytime, or the evening, throughout the week, including 

weekends. At least one medical student, that has already undergone the complete 

simulation-training, attends all training sessions to assist in case of technical problems 

and in order to provide feedback and instructions. The medical students affiliated with 

the center have, as mentioned before, completed the simulation- based training 

themselves and have received instructions on how to provide feedback (Bjerrum et al., 

2015) to trainees, that are still in the beginning of simulation training. 

 
Operative animal course 

Upon completion of the simulator training and after demonstrating that the residents 

have reached the pre-defined proficiency level, residents can participate in a 1-day 

practical operative animal course on anesthetized pigs, held at the Panum Institute. 

This third and final component of the course focuses on practicing skills that are not 

available on the simulators, such as abdominal cavity entry techniques and the 



 16 

management of complications, e.g. as bleeding. During this course, the faculty consists 

of experienced surgeons from all specialties involved, from departments across the 

region (Bjerrum et al., 2015). 

 

2.6 Surgical procedures 
 
The procedures that we are focusing on in this thesis are laparoscopic basic surgery, in 

particular laparoscopic appendectomy and laparoscopic cholecystectomy. In the 

following section, these two procedures are described from a medical viewpoint, in order 

to set the stage for the analysis. 

 

a. Definition of Laparoscopy: Laparoscopy refers to the action of visualizing the 

abdominal cavity through a small opening of the abdominal wall. The word 

laparoscopy is a compound word, consisting of the word (lapara), which means 

in Greek abdomen or abdominal wall, and the word (scopein) which means to 

watch carefully, to observe (Antoniou et al., 2012). Laparoscopy is also known 

as minimally invasive surgery as it is less invasive than the regular open 

abdominal surgery (laparotomy). 

b. Description of Laparoscopic procedure: Laparoscopy is a type of surgical 

procedure performed in the operating room under general anesthesia, in which 

a small needle is inserted into the umbilicus (belly button) to allow inflation of 

the abdomen with carbon dioxide gas and create a pneumoperitoneum. Next, a 

small hole (port) is created through the belly button, followed by the insertion 

of a thin scope with a camera at its end that is connected to a video monitor 

which allows visualization within the abdominal cavity. Other small incisions 

are made to insert instruments to perform procedures. 

c. Indications for Laparoscopy- Laparoscopy is used to either diagnose a condition 

(diagnostic indication) or to perform certain types of operations (therapeutic 

indication). 
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Laparoscopic cholecystectomy (LC) 

LC is a minimally invasive surgical procedure conducted in the operating room under 

general anesthesia, which entails removal of the gall bladder using laparoscopy. After 

the pneumoperitoneum is created using a needle to insufflate the abdominal cavity, the 

camera port is placed and the laparoscope is introduced into the abdominal cavity. A 

second port is placed just under the breast bone in the midline of the abdomen, while 

third and fourth ports are placed in the right side of the abdomen which will allow for 

removal of the gallbladder later in the procedure (Figure 2). The gallbladder is then 

freed of any scar tissue which may be present from previous episodes of acute 

cholecystitis. The cystic duct (the duct that joins the gallbladder to the bile duct) is 

then identified as well as the cystic artery, a small blood vessel leading to the 

gallbladder. Both, the cystic duct and artery are then clipped with metallic clips and 

divided and the gallbladder is separated from the bed of the liver with a cautery device 

to help cauterize and stop any bleeding. The gallbladder is then removed through one 

of the small incision ports. Finally, the ports are closed with sutures (Youngson, 2005).  

 
Figure 2: Laparoscopic cholecystectomy port positioning2 

 
Laparoscopic appendectomy (LA) 

LA is a minimally invasive surgical procedure performed in the operating room under 

general anesthesia, which entails removal of the vermiform appendix without a large 

surgical incision, using laparoscopy (Figure 3) (Youngson, 2005). 

                                     
2 Adobe Stock, Licenced to TeachMeSeries Ltd. 
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Figure 3: Laparoscopic Appendectomy port positioning and access3 

 

We chose to focus on laparoscopic appendectomy and laparoscopic cholecystectomy in 

our thesis for several reasons. Firstly, according to the European Union’s surgical 

operations and procedures statistics 2017 report that looked into the top ten surgical 

operations and procedures performed in hospitals in 2015 (per 100 000 inhabitants) 

(Eurostat, 2017), the two most common laparoscopic procedures performed in Denmark 

in 2015 were LC and LA.  

 

In Denmark, cholecystectomies were performed 158.6 times per 100,000 inhabitants in 

2015, of which 93% of these procedures were performed laparoscopically. The total 

appendectomies performed in Denmark were 119.2 times per 100,000 inhabitants in 

2015, of which 89% of these procedures were performed laparoscopically.  

 

Secondly, as previously mentioned, CAMES offers a variety of simulation-based 

training programs for multiple surgical procedures but due to the extensiveness of an 

economic evaluation of such programs and the lack of time, the analytical scope of this 

                                     
3 Adobe Stock, Licenced to TeachMeSeries Ltd. 
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project was limited to simulation-based training in laparoscopic cholecystectomy and 

laparoscopic appendectomy.  

 

Thirdly and most importantly, the host requested our expertise in these two procedures 

as SBT in LC and LA are frequently offered at their facility. 

 
 
2.7 Stakeholder Analysis 
 
The need for stakeholder analysis is based on the multifaceted nature of healthcare 

systems and the fact that multiple groups and individuals drive the adoption of health-

related products and services (Yock, Zenios, & Brinton, 2015). All stakeholders have 

the capacity to embrace and resist new medical technologies and therefore it is essential 

to identify which stakeholders will be the gatekeepers to an adoption decision and 

which ones will play the influencer role. When it comes to the adoption of a new 

solution, all decision makers are stakeholders, but not all stakeholders are decision 

makers. When analyzing the different stakeholders involved in the SBT in laparoscopy 

course offered at CAMES, the decision makers are the CAMES administrators and the 

payers. The payers include; the hospital directors and the Region Hovedstaden. The 

influencers are the personnel working at CAMES, students that participate in the 

course, teaching faculty from various hospitals that attend the course, medical 

companies that supplies the simulators and all the instruments and Panum Institute 

that provides the animals and space to run the practical course. 
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3 Methodology 
 
 
3.1 Health Technology Assessment 
 
Simulation-based training is an innovative medical technology and the decisions on the 

use of such innovative medical technologies are made at all levels in the health care 

system (Kristensen & Sigmund, 2008). The number of medical technologies have been 

rapidly increasing over the last few decades. Newhouse, (1992) has shown that the 

greatest contribution to growth in health expenditure comes from the use of technology. 

However, due to the scarcity of resources, these trends create an increasing economic 

pressure on budgets in most modern healthcare systems with decision-makers being 

forced to prioritize among competing and often mutually exclusive technologies 

(Drummond et al., 2005). Traditionally, decisions on the allocation of healthcare 

resources have to a high extent relied on information on clinical effectiveness. However, 

due to constrained budgets and the often high costs of new medical technologies, 

information on the costs and cost-effectiveness of new technologies has increasingly 

become an additional requirement in the decision-making process (ibid.). Providing 

input for the decision-makers is highly dependent on interaction, division of labor and 

cooperation between professionals of the health care system, the research environment 

and the political decision-makers and their officials (Kristiansen & Sigmund, 2007). 

The purpose of including this information is to achieve an efficient allocation of 

resources, and the underlying premise is that if the objective is to achieve better health, 

then resources should be allocated to the interventions and technologies that provide 

most health for the money spend (Drummond et al., 2005; Neumann et al., 2016).  

The Health Technology Assessment (HTA) is a multi-scientific and interdisciplinary 

activity delivering evidence-based input for priorities and decisions in the health care 

system, thereby bridging between two domains: a decision- making domain and a 

research domain (Kristiansen & Sigmund, 2007). HTA comprises analysis and 

assessment of various areas where the use of health technology may have consequences 

and these may be grouped under four main elements: the technology, the patient, the 
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organization and the economy (ibid.).  

The focus in this project is on the economic element to clarify the relationship between 

costs and effects of the simulation-based laparoscopic surgery program when compared 

to the traditional apprenticeship model, hereby supporting decision-makers in choosing 

the CAMES simulation-based laparoscopic surgery program that provides most value 

for the money spent (Kristensen & Sigmund, 2007). Therefore, an economic evaluation 

is undertaken and described in the following paragraph. 

3.2 Economic evaluation and decision-analytic modeling 
 
The main purpose of economic evaluation is to inform decision-makers about 

alternative uses of scarce health care resources (Drummond et al., 2005; Morris, Devlin, 

& Parkin, 2010). Decision analytic modelling can, for example, help to decide whether 

or not a new health technology represents a cost-effective value in order to be funded 

(Drummond et al., 2005). Contrary to a randomized trial, that may have a number of 

limitations, as it only relies on a single data resource, decision analytic modelling focuses 

on more than a single data resource and therefore can further include economic data 

from other types of study such as cohort studies and surveys (ibid.).  

Using theories of probability and of expected utility, decision analysis particularly looks 

at decision making under uncertainty. The most common technique involves use of a 

decision tree, that visualizes a decision analysis model (Morris et al., 2010). A decision 

tree represents possible prognoses or events, following a series of pathways (Drummond 

et al., 2005). Decision and chance nodes as well as branch probabilities help building 

and connecting the decision tree. Hence, pathway costs and probabilities result in 

expected values. Nevertheless, even though decision trees are widely used in economic 

evaluation, they have some limitations. One of them is, that “events are implicitly taken 

as occurring over an instantaneous discrete period”, meaning, a time dimension is not 

included or defined within the model. Another limitation can be, that decision trees 

can easily get very complex, particularly when they map a chronic disease, that is 

characterized by a series of competing risks over a long period of time (Drummond et 

al., 2005). 
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Those limitations lead to another model structure used in economic evaluation, the 

Markov model. The latter is most commonly used for analyzing the evolution of a 

health state over time for a particular disease (Morris et al., 2010). Specific time 

periods, called cycles, subdivide different health states with a given probability of 

moving (transition probability). The length of a cycle depends on the disease and 

interventions being evaluated and can vary from a month to several years (Drummond 

et al., 2005; Morris et al., 2010). 

In this thesis, we chose to use the decision tree model, as we are not examining different 

health states of a patient but the whether the training represents a cost-effective value 

in order to be funded in the future and whether it should be spread out to other regions 

in Denmark. 

 
3.3 Economic evaluation and cost-effectiveness analysis 
 
Economic evaluation helps to understand our environment by describing and explaining 

economic behavior and consequently help decision makers to ensure the optimal 

allocation of scarce resources and choose between alternative ways of using resources 

(Morris et al., 2010). Due to the cost explosion in health services, the economic 

evaluation plays an important role and very often, too little effort is made to describe 

existing alternatives when a new program or technology is about to be introduced 

(Drummond et al., 2005). It is, however, important to compare different alternatives 

and the crux of the matter is to not exclude an important alternative or to compare to 

an inefficient baseline (ibid.) 

An economic evaluation studies both inputs and outputs of an activity, mostly costs 

and consequences. Drummond et al. (2005) thus define an economic evaluation as "the 

comparative analyzes of alternative courses of action in terms of both their costs and 

consequences" (p. 9). Hence, our task is to identify, measure, value, and compare all 

costs and consequences of all alternatives that are considered for the economic analysis. 

Considering an economic evaluation in a health care setting leads to a set of different 

opportunities that are summarized in Table 1. 
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Table 1: Types of economic evaluation 

 

This six-cell matrix for economic situations displays potential types of analysis 

depending on whether the evaluation 1) compares two or more alternatives and if 2) 

both costs (inputs) and consequences (outputs) of the alternatives are being examined 

(Drummond et al., 2005). No alternatives are compared in cells 1A, 1B, and 2 which 

means that a single service or program is being described. Further, cells 3A and 3B 

compare two or more alternatives, however, consequences and costs of each alternative 

are not examined simultaneously (ibid.). Most randomized controlled trials (RCTs) fall 

under the category of cell 3A – the efficacy or effectiveness evaluation – as only 

consequences are examined. Contrary, only costs are taken into consideration in 

analysis type 3B, the cost analysis. Finally, in cell 4, a full economic evaluation analysis 

is displayed. The cost-effectiveness analysis (CEA), cost-utility analysis (CUA) and 

cost-benefit analysis (CBA) fall under this category. In the next paragraph, we will 

briefly describe all analyses types and choose an analysis suitable for this thesis. 

 

Cost-Effectiveness Analysis 

A CEA is mostly used, when a decision-maker has to allocate a given budget to a 

limited range of options within a given field (Drummond et al., 2005). Most important 

for a CEA is the chosen outcome (effectiveness) measure, which can be quite hard to 

identify. Possible effectiveness measures can be “cases detected”, “episode-free days”, 

“years of life gained”, etc. (ibid.). 

The primary outcome measure of a CEA is the incremental cost-effectiveness ratio 

(ICER) that “is the ratio of the incremental costs of an intervention to the change in 
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health outcomes due to the intervention, compared to a defined alternative” (Samson 

et al., 2015). Costs (in monetary units) represent the value in the numerator and the 

denominator is the health improvement, usually measured in quality adjusted life years 

(QALYs). 

 

Cost-Utility Analysis 

A CUA is a "form of evaluation that focuses particular attention on the quality of the 

health outcome produced of forgone by health programs or treatments." (Drummond 

et al., 2005). Usually, outcomes are described as a cost per unit of effect, mostly in 

quality-adjusted life-years (QALYs) or disability-adjusted life years (DALYs). 

Therefore, CEA and CUA are very similar on the cost sight, however, CUA manages 

to incorporate the notion of value, which CEA cannot. As CEA allows various disparate 

outcomes to be combined into a single composite summary outcome, it can be more 

beneficial to decision-makers with a broad mandate (ibid.). 

 

Cost-Benefit Analysis 

A CBA expresses the consequences of a health program in monetary units and thus 

allows the decision maker to compare incremental program costs with incremental 

program consequences with the outcome of these two interventions being the net social 

benefit of the program (Drummond, 2005). 

Compared to CEA and CUA, CBA does not require complete data on all alternatives, 

which in health care is seldom available and thus, in a one-at-a-time decision-making 

a CBA may be beneficial over the other analyses. Furthermore, CBA manages to tell, 

whether or not a goal is worth achieving given the social opportunity costs of all the 

resources consumed (ibid.). Nevertheless, both CEA/CUA ultimately include a money 

valuation of health outcome, the valuation is, however, not part of the analysis itself 

and it is up to the decision-maker to allocate money value on health outcomes. Yet, 

the philosophical foundation of the analyses is fundamentally different: whether 

CEA/CUA follow a “decision-making” philosophy, CBA contrary follow the principles 

of welfare economics. The important part of the latter is the individual consumer, 



 25 

whereas for CEA/CUA the decision-maker reviews results of competing programs and 

their corresponding relative values (Drummond, 2005). 

 

Discounting 

Usually, discounting should also be taken into consideration when doing economic 

evaluations. Discounting is the process of converting future costs to their present value, 

underlining the thought that the value of a unit of consumption for an individual as 

well as society will decrease over time. Thus, discounting reflects the fact that, in 

general, individuals and society have a positive rate of time preference for consumption 

now over consumption in the future. In the literature, it is widely discussed, whether 

the discounting of health effects is ethically acceptable, but most studies include 

discount rates around 3% for CEA and approximately 6% for a sensitivity analysis 

(WHO-CHOICE, 2003). 

 

As for this thesis and after evaluating the data available, a decision tree analysis as 

well as a cost-effectiveness analysis are conducted, in which the costs of CAMES for 

laparoscopic cholecystectomy and laparoscopic appendectomy are compared to the 

costs of a traditional apprenticeship and the corresponding outcomes regarding 

operative time, complications and consulting time. 

 
 
3.4 Data 
 
To be able to undertake an economic evaluation using the two methods described 

above, two groups are needed: an experimental group and a control group. In this 

section, the collection of data is described that is later used to compare alternatives 

and to calculate corresponding costs. In this thesis, the trainees going through the SBT 

are the experimental group and the trainees following the traditional apprenticeship 

model the control group. Unfortunately, we are facing a situation where a “classic” 

control group is not available for laparoscopic appendectomy and laparoscopic 

cholecystectomy, as it is mandatory for all students in the capital region to go through 
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the SBT in order to move on with their studies. Therefore, we were forced to create a 

hypothetical control group. We begin with a description of the experimental (SBT) 

group is described, followed by the control group. 

 

3.4.1 Experimental group 
 
The costs for the experimental group are composed by how much it costs for one trainee 

to undergo the simulation-based basic laparoscopic training at CAMES. The accounting 

units used were provided by our partner Flemming Bjerrum. Flemming was our main 

contact at CAMES; he holds a Ph.D. in surgical simulation for laparoscopy and 

accompanied us throughout the research. He additionally is the responsible for basic 

laparoscopic SBT at CAMES.  

Furthermore, we created a questionnaire and conducted an observational study to 

collect additional data. 

 
3.4.1.1 Cost for simulation-based training at CAMES 
 
Following Yau et al. (2016), calculating costs for a training facility is divided into initial 

start-up costs and the variable costs. In the following, we elaborate on each cost blocks 

and describe how and where cost information was obtained. Calculations were 

performed using Microsoft Excel spreadsheet software. 

 
3.4.1.1.1 Start-up costs 
 
Start-up costs include all costs that are not reoccurring after the training facility has 

been established (Yau et al., 2016). They include the purchase of mannequins, or 

simulators, or “in-house” printing. CAMES uses four LapSim simulators and 12 TABLT 

trainers for their basic laparoscopic training. However, start-up costs for CAMES 

regarding the simulators can be disregarded, because the simulators have not been 

purchased by CAMES itself, but instead have been funded by two medical device 

companies, Medtronic and Olympus. Further, Medtronic and Olympus support 

CAMES with 100,000 DKK yearly for equipment and the animal lab course. A 

summary can be seen in Table 2. 
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Equipment 2014 Units Unit Cost Total Cost Data Source 

LapSim Simulator 4 600,000 DKK 2,400,000 DKK CAMES 

TABLT Trainer 12 3,000 DKK 36,000 DKK CAMES 

Total for equipment   2,436,000 DKK  

Table 2: CAMES' start-up costs.4 

 
3.4.1.1.2 Variable costs 
 
Variable costs represent all costs that are reoccurring on a regular basis, for CAMES, 

e.g., for every new course (Yau et al., 2016). They consist of costs related to room hire, 

staff to facilitate the training, materials and equipment used, as well as faculty costs 

and food provided for trainees when undertaking the courses. 

Next to the accounting units provided by Flemming Bjerrum, enquiries were made to 

the regional finance department but could, unfortunately not be acquired in the time 

given. As mentioned before, calculations were performed using Microsoft Excel and the 

respective values are shown in Table 3. 

 

As can be seen Table 3, cost data for rooms could unfortunately not be conducted, as 

it was not available from neither Rigshospitalet, nor CAMES, nor the region. Further 

investigation regarding the estimate of a cost per square meter was unfortunately not 

successful.  

 

                                     
4 Based on own calculations. 



 
28

 

 
T

ab
le

 3
: C

A
M

E
S'

 v
ar

ia
bl

e 
co

st
s.

5  

   
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

 
5  B

as
ed

 o
n 

ow
n 

ca
lc

ul
at

io
ns

. 

A
cc

ou
nt

in
g 

U
ni

t
Se

ss
io

ns
N

um
be

r
U

ni
ta

ry
 C

os
t

C
os

t 
pe

r 
Se

ss
io

n
T

ot
al

 C
os

t 
pe

r 
ye

ar
 

fo
r 

72
 p

ar
ti
ci

pa
nt

s
T

ot
al

 C
os

t 
pe

r 
ye

ar
 

pe
r 

pa
rt

ic
ip

an
t

T
ot

al
 C

os
t 

pe
r 

co
ur

se
T

ot
al

 C
os

t 
pe

r 
co

ur
se

 
pe

r 
pa

rt
ic

ip
an

t
D

at
a 

So
ur

ce
 /

 R
em

ar
ks

R
oo

m
s

R
oo

m
 h

ir
e

F
in

an
ci

al
 d

ep
ar

m
en

t 
re

gi
on

T
ot

al
 r

oo
m

 c
os

t
C

ou
ld

 n
ot

 b
e 

re
tr

ie
ve

d
P

er
so

nn
el

C
ou

rs
e 

D
ir

ec
to

r
50

.0
00

 D
K

K
69

4 
D

K
K

8.
33

3 
D

K
K

11
6 

D
K

K
F
le

m
m

in
g 

B
je

rr
um

St
ud

en
t 

A
ss

is
ta

nt
s 

fo
r 

C
ou

rs
e

6
1

2.
28

6 
D

K
K

2.
28

6 
D

K
K

13
.7

15
 D

K
K

19
0 

D
K

K
2.

28
6 

D
K

K
32

 D
K

K
F
le

m
m

in
g 

B
je

rr
um

 /
 h

ou
rl

y 
w

ag
e 

22
8,

59
 D

K
K

St
ud

en
t 

A
ss

is
ta

nt
s 

fo
r 

se
lf-

tr
ai

ni
ng

43
2

1
22

9 
D

K
K

98
.7

51
 D

K
K

1.
37

2 
D

K
K

16
.4

58
 D

K
K

22
9 

D
K

K
F
le

m
m

in
g 

B
je

rr
um

T
ot

al
 a

tt
en

di
ng

 p
er

so
nn

el
 c

os
t 

pe
r 

ye
ar

 
16

2.
46

6 
D

K
K

2.
25

6 
D

K
K

27
.0

78
 D

K
K

37
6 

D
K

K
M

at
er

ia
ls

E
xc

er
ci

se
 m

at
er

ia
l

3.
68

1 
D

K
K

F
le

m
m

in
g 

B
je

rr
um

T
ot

al
 m

at
er

ia
l c

os
t 

pe
r 

ye
ar

3.
68

1 
D

K
K

51
 D

K
K

61
4 

D
K

K
9 

D
K

K
E

qu
ip

m
en

t
R

ep
la

ce
m

en
t 

eq
ui

pm
en

t
11

.1
12

 D
K

K
F
le

m
m

in
g 

B
je

rr
um

T
ot

al
 e

qu
ip

m
en

t 
co

st
 p

er
 y

ea
r

11
.1

12
 D

K
K

15
4 

D
K

K
1.

85
2 

D
K

K
26

 D
K

K
F
ac

ul
ty

T
he

or
et

ic
al

 C
ou

rs
e 

In
st

ru
ct

or
s

6
4

4.
27

2 
D

K
K

17
.0

88
 D

K
K

10
2.

52
8 

D
K

K
1.

42
4 

D
K

K
17

.0
88

 D
K

K
23

7 
D

K
K

F
le

m
m

in
g 

B
je

rr
um

 /
 h

ou
rl

y 
w

ag
e 

53
4 

D
K

K
A

ni
m

al
 la

b 
co

ur
se

 I
ns

tr
uc

to
rs

5
4

3.
73

8 
D

K
K

14
.9

52
 D

K
K

74
.7

60
 D

K
K

1.
03

8 
D

K
K

12
.4

60
 D

K
K

17
3 

D
K

K
F
le

m
m

in
g 

B
je

rr
um

P
ig

5
4

5.
96

4 
D

K
K

23
.8

56
 D

K
K

11
9.

28
0 

D
K

K
1.

65
7 

D
K

K
19

.8
80

 D
K

K
27

6 
D

K
K

F
le

m
m

in
g 

B
je

rr
um

T
ot

al
 fa

cu
lt
y 

co
st

 p
er

 y
ea

r
29

6.
56

8 
D

K
K

4.
11

9 
D

K
K

49
.4

28
 D

K
K

68
7 

D
K

K
F
oo

d 
an

d 
D

ri
nk

s
F
oo

d 
an

d 
dr

in
ks

12
.4

80
 D

K
K

F
le

m
m

in
g 

B
je

rr
um

T
ot

al
 fo

od
 c

os
t 

pe
r 

ye
ar

12
.4

80
 D

K
K

17
3 

D
K

K
2.

08
0 

D
K

K
29

 D
K

K
T

ot
al

 v
ar

ia
bl

e 
co

st
s

16
.4

88
 D

K
K

58
.1

82
 D

K
K

48
6.

30
7 

D
K

K
6.

75
4 

D
K

K
81

.0
51

 D
K

K
1.

12
6 

D
K

K



 29 

CAMES' course director earns 50,000 DKK yearly; his tasks are to organize the course 

and to guarantee an uncomplicated process. For assuring that, the course director has 

the help of a student assistant preparing everything for the theoretical course for around 

10 hours with an hourly salary of 229 DKK. For all six sessions throughout a year, the 

costs associated with this are 13,715 DKK, meaning 32 DKK per participant, as there 

are 72 participants, on average. Furthermore, there is always a student worker available 

at CAMES for the self-training. Usually, students train approximately three times, 

with 2 hours respectively. This results in six student working hours per participant for 

self-training. For the 72 participants at CAMES for laparoscopic basic training per year 

that leads up to 432 hours of student worker presence at the center. However, it might 

be possible, that several students train at the center at the same time and therefore, 

the actual cost for this accounting unit might be a bit different. Nevertheless, we felt 

it was important to ensure that the potential maximum cost of training was calculated, 

following the approach Yau et al. (2016) used in their paper as well. Therefore, the 

cost for student workers for self-training results in 229 DKK per participant. 

Materials for exercises cost CAMES 3,681 DKK per year which means that 9 DKK are 

spent per participant and moreover 26 DKK for replacement equipment. 

 

For each of the six theoretical courses per year, four instructors are present for 8 hours 

at an hourly rate of 534 DKK. Therefore, one instructor that works for 8 hours costs 

the center 4,272 DKK. Four instructors hence are worth 17,088 DKK which sets a price 

for all instructors on one session. Having six sessions a year results in 102,528 DKK for 

all instructors and a price per participant in 237 DKK. The calculation for the animal 

lab course instructors follows the same structure and results in a total cost of 74,760 

DKK for all 72 participants on an annual basis and 173 DKK per participant. Finally, 

the pigs used for the animal lab course cost 5,964 DKK per pig, including anesthesia, 

transport etc. This results in an overall cost of 119,280 DKK annually and 276 DKK 

per participant, respectively. In total, each course costs 687 DKK per participant for 

the accounting unit “Faculty”. Costs for food and drinks are calculated with 29 DKK 

per participant. 
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In total, the costs per participant sum up to 1,126 DKK which will be the amount we 

will refer to in the further analysis, when comparing the SBT to other types of training. 

Looking at all costs included in the calculation of the SBT (Table 4), the pigs for the 

animal lab course represent the highest share of the costs of the training. Therefore, we 

wanted to examine the value of this part in further detail and created a questionnaire, 

that is described in the next section, could unfortunately not be handed out due to 

data policies. 

 

In the following table, costs per participant are sorted from highest to lowest, showing 

the overall costs per course per participant. 

Accounting Unit Cost per course per participant 

Pig                             276 DKK  

Theoretical Course Instructors                             237 DKK  

Student Assistants for self-training                             229 DKK  

Animal lab course Instructors                             173 DKK  

Course Director                             116 DKK  

Student Assistants for Course                               32 DKK  

Total food cost per year                               29 DKK  

Total replacement equipment cost per year                               26 DKK  

Total material cost per year                               9 DKK  

Total variable costs                    1,126 DKK  

Table 4: Overall course costs per participant.6 

 
3.4.1.2 Questionnaire 
 
The purpose of the questionnaire was to assess the trainees’ perspective of the benefits 

of the third part of the training program, which is the practical pig course. The 

questionnaire was intended to target surgical trainees who completed the SBT 

laparoscopic training program. 

                                     
6 Based on own calculations. 
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When creating the questionnaire, we had several considerations. First and foremost, 

the design and layout as both may affect the response rate and the reliability and 

validity of the data collected�with the questionnaire (Saunders, Lewis, & Thornhill, 

2006). The second consideration was, that the questionnaire should be short and simple 

by asking as few questions as possible. The third consideration was, that the 

formulation of questions was suitable and understandable for the target group, and 

that the formulations were unambiguous, hereby having the same meaning for 

researchers and respondents as well as for the different respondents.  

Furthermore, when assessing the internal validity of the questionnaire, that is, the 

ability of the�questionnaire to measure what it was intended to measure, we also 

considered the potential impact of selection bias, missing data, and information and 

measurement bias (Neumann et al., 2016; Saunders et al., 2006). A five-level Likert 

scale was used. The questionnaire was composed of three sections. The first section 

dealt with the trainee’s experience during the CAMES course. The second sections 

inquired about the number of LA and LC the trainee performed as a primary surgeon 

after they had completed the course and the last section was a demographic inquiry 

(see Appendix).  

However, we were unfortunately not able to use the questionnaire for our thesis for a 

number of reasons. First, the host was busy conducting their own questionnaire in the 

department of gynecology. Second, according to the host, the data registration at 

CAMES is not optimal as it is difficult to retrieve and extract the trainee’s contact 

information easily, thus it would be impossible to contact the trainees who completed 

the course and finally and most importantly, according to the new rules and regulations 

of data handling, the host is unable to share the trainees’ contact information with us 

without obtaining their consent. For all these reasons, the questionnaire we created 

was unfortunately not used and no information regarding the trainees’ perception of 

the course could be collected. Hence, conducted an observational study, that is 

described in the subsequent section. 
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3.4.1.3 Observational study 
 
Because we wanted to understand the complete structure of the SBT course, 

observational studies were conducted. In business research, observational studies can 

be seen as a valuable tool, especially in combination with other methods (Saunders et 

al., 2006). In our observational studies, we functioned as a “complete observer”, as we 

did not take part in the activity and participants were not informed what the reason 

for our visit was. Furthermore, there are “observers-as-participants”, who, as the name 

indicates, participate in the activity, but try to reduce their impact on the activity as 

much as possible. A third stance, the “participant-as-observer” engages more actively 

in the activity observed and seeks a more direct interaction. Finally, a “complete 

participant”, contrary to the “participant-as-observer”, conceals the intention to study 

and fully adopts to the role as a participant while observing (Easterby-Smith & 

Jackson, 2015). 

The literature states, that complete observation may be disliked by those who are 

observed, as the detached observation can appear like snooping (ibid). However, 

observational studies are widely seen as a tool that gives an accurate picture of a 

specific activity in the workplace, in this case, the operation room. The photos below 

show one setting of our observational study for the animate training at Panum. 
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3.4.2 Control group 
 
As the SBT training for students is mandatory in the Capital region since 2015, there 

is no “classic” control group we could compare our explanatory group to. Therefore, we 

had to create a so-called hypothetical control group, meaning, we are setting up a group 

that does not exist in reality. However, with interviews and the findings from our 

observational study we were able to set up a control group for the analyses. The type 

of interviews used is described below. 

 
3.4.2.1 Semi-structured interviews 
 
Interview types can vary, depending on what research question is formulated and 

whether or not a large sample size is available or accessible. For this thesis, we chose 

semi-structured interviews as an interview type, as they allow questions being 

addressed in a more flexible manner compared to highly structured or unstructured 

interviews (Easterby-Smith et al., 2015). Semi-structured interviews are conducted with 

a prepared set of questions and themes, but nevertheless allow additional specific 

questions, that may vary from interview to interview (Saunders et al., 2006). 

For our sampling, we chose people “with purpose” to enable an in-depth and accurate 

investigation of the research topic following an explorative as well as explanatory 

approach ((Matthews & Ross, 2010; Saunders et al., 2006). We interviewed the host at 

CAMES (Flemming Bjerrum), who is a surgeon himself, to retrieve data and get a 

general understand of the functioning of the courses at CAMES and CAMES’ vision. 

Further, we talked to Jakob Salfelt, who is the responsible for the regional budget and 

activity department (Budget- og aktivitetsenheden), as well as regional employee Lene 

Pedersen. These two helped with retrieving cost for the needed effectiveness measures. 

Additionally, we spoke to surgeon Dr. Tyge Nordentoft, a consultant colorectal surgeon 

at Herlev Hospital (Overlæge, Kirurgisk Gastroenterologi og Colo-rectalcancer), in 

order to get an expert opinion of how the apprenticeship training could look like or 

how it worked before the introduction of SBT. All interviews were recorded and 

transcribed. 
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3.5 Effectiveness Measures 
 
In this section, we introduce the effectiveness measures we want to use for the decision-

tree and the cost-effectiveness analysis. After reviewing the literature, we chose to look 

further into the measures complication rates, operative time, and consulting time. 

 
3.5.1 Complication rates 
 
Laparoscopic cholecystectomy 

The overall complications of laparoscopic cholecystectomy (LC) were reported to be 

7.2% (Kanakala et al., 2011). Bile duct injury after LC remains a major problem in 

current surgical practice (De Reuver et al., 2007). Bile duct injury is associated with 

poor survival, increased morbidity, and impaired quality of life (Boerma et al., 2001; 

Flum et al., 2003). The incidence ranges from 0.3-1.4% and depends on the study 

population and the criteria used to define the injury (De Reuver et al., 2007). The 

incidence of bleeding complications requiring transfusion or reoperation has been 

reported to be relatively rare, occurring in 0.1 % in patients undergoing LC (Suuronen 

et al., 2015). However, the incidence of bleeding in general following LC has been 

reported to range from 0.5 – 1.05% (Shea et al., 1996). During LC, it is necessary to 

occlude the cystic duct connecting the gallbladder and the bile duct) permanently in 

order to prevent leakage of bile into the peritoneal cavity (Gurusamy, Junnarkar, & 

Davidson, 2010). The incidence of minor post-operative bile leaks in the absence of bile 

duct injury varies between 0.4 and 0.6% (Shea et al., 1996). 

 

Laparoscopic appendectomy 

For laparoscopic appendectomy (LA), the overall surgical complication rate is 

calculated by Andersson (2014) with 7.2%. Andersson’s study is drawn on a national 

cohort study, that was undertaken in Sweden between 1992 and 2008 and counts 33,142 

intended laparoscopic appendectomies. According to several studies, he most common 

complication is bleeding from appendicular artery or place of trocar insertion (Wei et 

al., 2011), or bowel injury (Abbasoglu et al., 2016). Bleeding occurs in 0.9% of the 

cases, whereas an intestinal damage has an occurrence of 0.2% each (Andersson, 2014). 
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3.5.1.1 Coding of complications 

For the economic assessment of any healthcare system, the measurement of treatment, 

procedure and complication costs among others are often very crucial. However, it is 

not always feasible to assess these costs related to individual patients as this can be 

very costly. Alternatively, valuing these costs by applying a daily average cost to the 

average length of stay is also not satisfactory because daily hospital costs are rarely 

associated with a specific diagnosis. This leads to biasness in the economic evaluation, 

especially when a particular treatment reduces medical staff workload or the use of 

other medical resources (Le Pen & Berdeaux, 2000). Therefore, many compensation 

schemes have increasingly been shifting towards implementing an illness-based output 

concept, such as Diagnosis related groups (DRGs) where the unit is clearly the 

treatment of a disease, not a day in the hospital (Triplett, 2013).  

In the following section, we will discuss the Diagnosis Related Groups (DRGs), the 

WHO’S International Statistical Classification of Diseases and Related Health 

Problems 10th Revision (ICD 10), Nordic Classification of Surgical Procedures (NCSP) 

and lastly, the Danish Sundhedsvæsenets Klassifikations System (SKS), otherwise 

known as the Healthcare Classification System.  

 

I. Diagnosis Related Groups  

A diagnosis-related group (DRG) is a patient classification system that standardizes 

prospective payment to hospitals and encourages cost containment initiatives. A DRG 

payment covers all charges associated with an inpatient stay from the time of admission 

to discharge. 

DRGs were originally developed in the 1970s by researchers at Yale University which 

at that time was compromised of 470 groups across 23 major diagnostic categories 

(MCD) (Fetter et al, 1980). Their aim was to define “hospital products” and to measure 

what hospitals actually do (Goldfield, 2010). Medicare in the United States soon 

realized the potential of DRGs for paying hospitals for their work and introduced the 
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first DRG based payment system in 1983 (Busse et al., 2013). Since then, DRGs have 

spread globally, gradually becoming the basis for paying hospitals in most industrialized 

countries. European countries introduced hospital payments based on DRGs for two 

reasons. First, to increase transparency because DRGs are able to consolidate and 

condense the confusingly large number of individual patients treated by hospitals into 

a manageable number of clinically meaningful and economically homogenous groups. 

Second, to improve efficiency because DRGs provide incentives for hospitals to limit 

the services per patient and to treat more patients (ibid). DRGs systems render 

collecting data by disease groups more feasible because provider already have the data 

in their records (Triplett, 2013). 

DRGs categorize patients with respect to diagnosis, treatment and length of hospital 

stay. The assignment of a DRG depends on the following variables: 

• Principal diagnosis 

• Secondary diagnosis(es) 

• Surgical procedures performed 

• Comorbidities and complications 

• Patient's age and sex 

• Discharge status 

In the mid- 1990s, the Nordic countries (Denmark, Norway, Finland, Sweden and 

Iceland) created a common Nordic patient classification system known as ‘’NordDRG’’ 

in the mid-1990s (Linna & Virtanen, 2011). NordDRG is a diagnosis-related group 

(DRG) grouper which uses definitions based on the WHO International Classification 

of Diseases 10th revision (ICD-10) and the Nordic Medico-Statistical Committee’s 

(NOMESCO) Classification of Surgical Procedures. The first grouper was finalized in 

1996. The grouper is updated annually according to the NordDRG maintenance process 

(Linna & Virtanen, 2011). However, in 2002 Denmark decided to leave the joint project 

in order to build its own system of DRGs (DkDRG), based on different primary 
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classifications (procedures) and major revisions to the NordDRG grouping definitions 

(Hansen & Nielsen, 2001). 

II. International Statistical Classification of Diseases and Related Health Problems 

10th Revision (ICD 10) 

The ICD-10 is a disease-based classification system that defines diseases, disorders, 

injuries and other related health conditions. It is the cornerstone for the identification 

of global health trends and statistics.  

The first international classification edition which was known as the International List 

of Causes of Death, was adopted by the International Statistical Institute in 1893. The 

World Health Organization (WHO) was entrusted with the ICD at its creation in 1948 

and published the 6th version (ICD-6) that incorporated morbidity for the first time. 

The ICD has been revised and published over the last decades in a series of editions to 

reflect advances in health care and medical science. The ICD-10 was endorsed in May 

1990 by the Forty-Third World Health Assembly (who.int/ICD-10).  

The ICD-10 is listed in a very comprehensive and hierarchical method that facilitates 

easy storage, retrieval and analysis of health information for evidenced-based decision-

making; it also allows for sharing and comparing health information between hospitals, 

regions, and countries. This includes monitoring of the incidence and prevalence of 

diseases, observing reimbursements and resource allocation trends, and keeping track 

of safety and quality guidelines. They also include the counting of deaths as well as 

diseases, injuries, symptoms, reasons for encounter, factors that influence health status, 

and external causes of disease. Therefore, the ICD-10 is rendered the international 

standard for reporting diseases and health conditions as well as the diagnostic 

classification standard for all clinical and research purposes (WHO.int/ICD-10).  The 

ICD-10 provides a well-developed classification system that can be used for medical 

expenditures and by the DRG systems (Triplett, 2013) 

 

III. Nordic Classification of Surgical Procedures (NCSP) 

The Nordic Classification of Surgical Procedures (NCSP) is based on the traditions of 

the surgical profession in the Nordic countries and reflects the surgical practice in these 
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countries since 1994. This classification was created by Nordic Medico-Statistical 

Committee’s (NOMESCO). The classification is updated annually and the responsibility 

for that lies with the Nordic Centre for Classifications in Health Care, in Oslo, Norway. 

The NCSP is designed to give reasonable scope for expansion to meet anticipated future 

advances in the field of surgical procedures (Nordisk Medicinal-Statistisk Komité, 2007).  

The NCSP consists of 15 main chapters (A-H, J-N, P-Q) of surgical procedures 

arranged according to functional-anatomic body system, four subsidiary chapters (T, 

U, X, Y) containing therapeutic and investigative procedures associated with surgery 

and one supplementary chapter (Z). The subsidiary chapters are: Minor surgical 

procedures (T), Transluminal endoscopy – through natural or artificial body orifices 

(U), Investigative procedures connected with surgery (X), Procurement of organs and 

tissue for transplantation (Y) (Nordisk Medicinal-Statistisk Komité, 2007).  

 

IV. Sundhedsvæsenets Klassifikations System 

The Sundhedsvæsenets Klassifikations System (SKS), Danish for healthcare 

classification system, is a collection of national Danish classifications that are based on 

international classifications, e.g. the WHO's ICD-10 and the NCSP. The SKS contains 

both clinical and administrative classifications for documentation of patients and 

healthcare services. It is continuously developed and maintained by the National Board 

of Health (“Sundhedsdatastyerlsen.dk,” 2018). 

 

The SKS is primarily used in the hospital sector in connection with the registration of 

healthcare services in the patient administration systems with subsequent reporting to 

the National Patient Register. Thus, it helps to ensure a clear use and interpretation 

of patients’ information. All SKS codes can contain up to 10 characters. The 1st 

character is a letter that shows the SKS’s main group. The remaining 9 characters are 

alphanumeric. These letters stand for the following: 
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D stands for diagnose (Diagnosis) 

K stands for operationer (Operative procedure) 

B stands for behandlinger (Treatment) 

U stands for undersøgelser (Investigation) 

 

The clinical classification that the SKS handles consists of two classifications; the 

diagnosis classification and the operation classification. As for the diagnosis 

classification, this contains codes for diagnoses, symptoms, health problems and other 

causes for the patient's contact with the healthcare system. It is based on the WHO's 

International Statistical Classification of Diseases and Related Health Problems (ICD-

10). On the other hand, the operation classification is based on the Nordic Classification 

of Surgical Procedures (NCSP) from the NOMESCO. 

 

3.5.1.2 Scenarios 
 
We created four clinical scenarios pertaining to the most common as well as the most 

serious complications for both LA and LC procedures. We then used the NordDRG 

and the SKS codes to code the diagnosis and the complications. Lastly, with the help 

of our contacts at the financial department at the Region Hovedstaden, Jakob Salfelt 

and Lene Pederson (Specialkonsululent, Økonomiafdeling, Budget and Aktivitet) we were 

able to retrieve the cost. We created these clinical scenarios, in order to calculate the 

average cost of a given scenario if such a complication would occur in real life and then 

use them for our decision analysis. 

 

Scenario I: 

A 35-year-old otherwise healthy male underwent a laparoscopic cholecystectomy for 

symptomatic cholelithiasis. The surgery was uneventful. However, a few hours 

postoperatively, the nurse noticed that the patient had low blood pressure and fast 

heart rate. She also noticed gross blood in the drainage tube. She immediately called 

the surgical team to reassess the patient.  On examination, the patient was pale, 

diaphoretic, hypotensive, tachycardic with abdominal tenderness. A full blood count 
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revealed a haemoglobin level of 9.1 g/dL (12.1 g/dL preoperatively).  Two units of 

packed RBC were transfused and was taken back to the operating room for a diagnostic 

laparoscopy with possible exploratory laparotomy’’. 

Intraoperatively, the bleeding source was identified as the cystic artery stump. The clip 

had most likely slipped off. Hemostasis was secured by re-clipping the cystic artery 

stump laparoscopically. The patient was transferred to the stepdown unit for 

observation for 24 hours. He was then transferred to the floor. He was discharged home 

in stable condition after 4 days. 

Diagnosis: Intra-abdominal bleeding secondary to dislodged clip, post-laparoscopic 

cholecystectomy. 

 

Diagnosis & Procedures SKS Code 

Diagnosis: Intra-abdominal bleeding  DT810C 

Procedure: Percutaneous endoscopic reoperation for 

deep bleeding after gastroenterology operation 

KJWE01 

Blood transfusion  BOQA01 

24 hrs stay in Step-Down Unit  

4 days of hospital stay  

Table 5: Scenario I - Intra-abdominal bleeding. 

 
Scenario II: 

A 35-year-old otherwise healthy male underwent a laparoscopic cholecystectomy for 

symptomatic cholelithiasis. The surgery was uneventful. He was discharged home the 

following day in stable condition.  

On post-operative day 5, the patient presented to the emergency department with 

severe abdominal pain, fever and nausea and vomiting. On clinical examination, his 

temperature, heart rate, and blood pressure were 39 °C, 110 beats/min and 90/50 

mmHg, respectively. Abdominal examination revealed generalized abdominal 

tenderness with rebound tenderness. Blood work revealed leukocytosis with elevated 
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liver enzymes. The patient was transferred to ICU and was started on intravenous 

fluids, antibiotics and analgesia. 

An abdominal ultrasound revealed a collection a fluid around the biliary tree that was 

successfully drained percutaneously. The patient then underwent an ERCP to identify 

the site of the bile leakage which was from lateral aspect of the common bile duct 

(CBD). Thermal injury was most likely the cause of the CBD injury.  An internal stent 

was placed in the CBD. The patient was then transferred to a tertiary care center 

(Rigshospitalet) for biliary reconstruction with an exploratory laparotomy + 

hepticojejunostomy. 

Diagnosis: Biliary peritonitis secondary to bile leakage (thermal damage), post-

laparoscopic cholecystectomy. 

 

Diagnosis & Procedure SKS Code 

Diagnosis: Biliary peritonitis  DK658A 

Procedure #1:  

ERCP with internal stenting 

- Endoscopic retrograde cholangiopancreatography (ERCP) 

- Endoscopic common biliary duct stent placement 

 

 

KUJK02 

KJKE18 

Procedure #2: 

Hepticojejunostomy  

 

KJKD30 

Ultrasound guided aspiration  UXUD40 
 

1 day ICU stay  

4 days of hospital stay  

Transfer to tertiary hospital  

Table 6: Scenario II - Biliary peritonitis. 

 

Scenario III: 

A 35-year-old otherwise healthy male underwent a laparoscopic appendectomy for an 

acute appendicitis. The surgery was uneventful. He was discharged home the following 

day in stable condition.  
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On post-operative day 10, the patient felt pain in the right lower quadrant of the 

abdomen, and experienced nausea and vomiting. The pain progressively worsened, and 

he was readmitted to the hospital. A clinical examination revealed persistent abdominal 

pain and signs of localized peritonitis of the right lower abdominal quadrant. His 

temperature, heart rate, and blood pressure were 39 °C, 110 beats/min and 90/50 

mmHg, respectively. Laboratory tests revealed that only the patient’s white blood cell 

count (15400 cells/µl) was outside of the normal limits. Chest and abdominal X-rays, 

and abdominal ultrasonography, were non-specific. An abdominal computed 

tomography (CT) scan was also performed, which revealed a collection of fluid and free 

air. Exploratory laparotomy was performed. This revealed a perforation of the wall of 

the ascending colon and fecal peritonitis. The perforation, which was in the center of a 

necrotic area 1 cm in diameter, which was resected and a temporary ileostomy was 

created. The patient was transferred to ICU for 3 days then once stable was transferred 

to the surgical ward. On post-operative day 7, oral consumption was possible and the 

ileostomy had worked. The patient was discharged on post- operative day 11 as he was 

recovering well. Three months, the patient was readmitted for closure of the ileostomy.  

Diagnosis: Peritonitis secondary to bowel injury (thermal damage), post-laparoscopic 

appendectomy. 

 

Diagnosis & Procedure SKS Code 

Diagnosis: Peritonitis secondary to bowel injury  DK658 

Procedure #1: 

Exploratory laparotomy + resection of bowel segment + ileostomy 

creation 

Colectomy and ileostomy creation 

 

KJW 

 

KJFH10 

Procedure #2: 

Closure of the loop ileostomy with bowel resection  

 

KJFG20A 

Abdominal CT scan UXCD00 

3 days of hospital stay   

Table 7: Scenario III - Bowel injury. 
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Scenario IV: 

A 35-year-old otherwise healthy male underwent a laparoscopic appendectomy for an 

acute appendicitis. The primary trocar (10 mm) was inserted by the surgical resident 

intraumbilically, and a 5-mm port was placed in the left iliac fossa under direct vision. 

A small amount of bleeding into the peritoneal cavity was noted from this port site, 

and an additional 5-mm port was placed in the right iliac fossa to facilitate further 

instrumentation. The bleeding point was coagulated using bipolar electrocoagulation 

with apparent good effect. At the end of the procedure, the ports were removed under 

direct vision, with release of carbon dioxide. Monofilament sutures were used for skin 

closure. He was initially observed in the recovery area and, subsequently, transferred 

to the day surgical ward. One hour postoperatively, nursing staff noted bleeding from 

the port site in the right iliac fossa. On review by the surgical team, a subcutaneous 

haematoma was noted with blood ‘oozing’ from the port site. A pressure dressing was 

applied. Subsequent review by the team consultant noted that the hematoma was 

increasing in size. Two interrupted abdominal wall sutures were placed just inferior to 

the port site, as bleeding from the inferior epigastric artery was suspected. A full blood 

count revealed a hemoglobin level of 9.9 g/dL (12.1 g/dL preoperatively). The bleeding 

from the port site settled, but he remained in the hospital overnight for observation. 

The following day, he was noted to have a 4-cm hematoma in the right iliac fossa, with 

no obvious active bleeding. A further pressure dressing was applied, and he was 

discharged home with a planned review 2 days later.  

He presented the following day to the accident and emergency department with 

dizziness. His blood pressure was 85/50mmHg with widespread bruising across his lower 

abdomen and right thigh. On examination, the patient was pale, diaphoretic, 

hypotensive, tachycardic with abdominal tenderness. The hemoglobin level was noted 

to have dropped to 7.3 g/dL He was hemodynamically unstable. Two units of packed 

RBC were transfused and was rushed back to the operating room for an ’exploratory 

laparotomy’. 
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Intraoperatively, the bleeding source was identified as the inferior epigastric artery. 

The artery was partially severed. Hemostasis was secured by ligating the artery. The 

patient was transferred to the stepdown unit for observation for 24 hours. He was then 

transferred to the floor. He was discharged home in stable condition after 4 days. 

 

Diagnosis & Procedure SKS code 

Diagnosis: Intra-abdominal bleeding  DT810C 

Procedure: Laparotomy +DEEP hematoma evacuation KJWE00 

Blood transfusion  BOQA01 

Abdominal CT scan UXCD00 

3 days of hospital stay   

Table 8: Scenario IV - Intra-abdominal bleeding 

 

With the help of both Jakob Salfelt and Lene Pederson (Specialkonsululent, 

Økonomiafdeling, Budget and Aktivitet) at the financial department at the Region 

Hovedstaden, the following costs could be calculated: 

 

An uncomplicated laparoscopic cholecystectomy would cost the region 23,801 DKK 

and an uncomplicated laparoscopic appendectomy would cost 23,712 DKK.  

NordDRG 2018 SKS Code Description  Cost 

07MP08 KJKA11 Cholecystectomy, laparoscopically 23,801 

06MP19 KJEA01 Appendectomy, laparoscopically 

uncomplicated 

23,712 

06MP18 KJEA01 Appendectomy, laparoscopically 

complicated 

33,751 

Table 9: NordDRG and Costs for LA and LC. 

 
The financial department uses a software that utilizes SKS codes which as mentioned 

previously is based on both DRG and ICD codes to calculate the total cost. 

(http://test.interactive.casemix360.com/). 
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Scenario I: 

Diagnosis & Procedures SKS Code  

Diagnosis: Intra-abdominal bleeding DT810C 

Procedure: Percutaneous endoscopic reoperation for 

deep bleeding after gastroenterology operation 

KJWE01 

Blood transfusion BOQA01 

Total cost (DRG group 21MA02) 28,554 DKK 

Table 10: Costs scenario I. 

 
Scenario II: 

Diagnosis & Procedure SKS Code 

Diagnosis: Biliary peritonitis DK658A 

Procedure #1: Endoscopic retrograde 

cholangiopancreatography (ERCP) with common biliary 

duct stent placement 

KUJK02 

 

Procedure #2: Endoscopic retrograde 

cholangiopancreatography common biliary duct stent 

placement 

KJKE18 

Procedure #3: Hepticojejunostomy KJKD30 

Ultrasound guided aspiration UXUD40 
 

Total cost (DRG group 07MP01) 119,857 DKK 

Table 11: Costs scenario II. 
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Scenario III: 

Diagnosis & Procedure SKS  code 

Diagnosis: Peritonitis secondary to bowel injury  DK658 

Procedure #1: 

Exploratory laparotomy + resection of bowel segment + 

ileostomy creation and Colectomy and ileostomy creation 

 

KJAH00/KJFH10 

Procedure #2: 

Closure of the loop ileostomy with bowel resection  

 

KJFG20 

Abdominal CT scan UXCD00 

Total cost (DRG group 06MP10) 86,055 DKK 

Table 12: Costs scenario III. 

 
Scenario IV 

Diagnosis & Procedure SKS code 

Diagnosis: Intra-abdominal bleeding  DT810C 

Procedure: Laparotomy +DEEP hematoma evacuation KJWE00 

Blood transfusion  BOQA01 

Abdominal CT scan UXCD00 

Total cost (DRG group 21MA02) 28,554 DKK 

Table 13: Costs scenario IV. 

 
3.5.2 Average operative time 
 
In order to find another measure for effectiveness we had intended to look into the 

average operative time it took a surgical resident who had completed the SBT in LC 

and LA, to perform either one of the procedures or both in the operating room, but 

realized that it was a difficult task. The literature has shown that the average time for 

a surgical trainee to complete a LA and LC were 94 minutes and 89 mins respectively 

(Bridges et al., 1999). However, these average times do not take into consideration the 

level of training of the resident. Dr. Tyge Nordentoft, a consultant colorectal surgeon 

at Herlev Hospital (Overlæge, Kirurgisk Gastroenterologi og Colo-rectalcancer) 
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estimated the average time it took a surgical resident to complete a LC was roughly 

about 90 minutes. Ideally, we would have liked to know how long it took a surgical 

trainee to perform either LC or LA prior SBT and after SBT, in order to assess the 

impact of SBT on the operative time for the trainees at CAMES. Nevertheless, even 

though the data is not available for CAMES specifically, the literature states, that – 

on average – after going through a VR simulation-based training, the operative time 

can be reduced by 10 minutes on average (Gurusmay et al., 2010). Therefore, we will 

assume that for LA, the time can be reduced from 94 to 84 minutes and for LC from 

89 to 79 minutes respectively.  

 
3.5.3 Consulting hours 
 
We also intended to look into the impact of the time spent by the surgical trainees at 

CAMES performing simulation based training in LC and LA would have an impact on 

the trainee-patient contact and patient care. We have estimated that the total time a 

surgical resident would spend at CAMES conducting the SBT is roughly 24 hours. In 

other words, a full day away from patients. According to Dr. Tyge Nordentoft, he 

believes that SBT has a very minimal negative impact on the trainee-patient contact. 

In fact, he believes that it would positively impact patient care as it will minimize the 

number of complications that may occur if the trainee did not practice first on the 

simulator. He is an advocate of simulation based training in laparoscopic surgery and 

encourages all his trainees to attend the course prior to operating on patients. We had 

intended to interview a minimum of 4 to 5 consultant general surgeons who are involved 

in postgraduate training and sent out requests to more than 20 surgeons in the capital 

region. However, due to the shortage of time, we were unfortunately only able to 

conduct one interview and consequently not further investigate this measurement. 

 
3.6 Limitations of analysis methods 
 
In the last paragraphs, the measurements used for the decision-tree analysis and the 

CEA were described. However, even though the decision-making approach is a powerful 

model in the clinical environment it faces some limitations that should be taken into 



 48 

account when reading the analysis (Bae, 2014). First of all, the quality of the model 

depends on the quality of the data that is input. Even though the researcher follows 

the literature, the setting of the research project could be different from the ones in the 

literature. Additionally, the decision-making approach does not fully cover personal, 

cultural and psychological beliefs among researches and examinees. Therefore, a 

decision-tree can only be seen as fast tool, that does not involve putting patients at 

risk, however, it remains an imperfect method quantifying qualitative outputs (Werner, 

2012).  

 
3.7 Sensitivity analysis 
 
Generally, economic evaluation is undertaken to deal with certain types of uncertainty 

by assigning probabilities to events within a model (Morris et al., 2010). One way of 

incorporating many aspects of uncertainty is a sensitivity analysis which addresses how 

sensitive results are to uncertainty, meaning to changes in the model. Sensitivity 

analysis can particularly be important if the data includes several uncertain aspects 

and can give an indication of what to change or improve for future research (ibid.). 

There are mainly three types of sensitivity analyses and they are described in the next 

sections. 

 

One-way sensitivity analysis 

According to Borgonovo (2017), “a one-way sensitivity analysis is used to determine 

the output when a model’s input varies within a predetermined range.” Compared to 

other more complex models, a one-way sensitivity analysis is an intuitive, simple, and 

straightforward method (Borgonovo, 2017). Particularly when using a decision-tree for 

economic evaluation a one-way sensitivity analysis is commonly used. Essentially, a 

one-way sensitivity analysis is a graphical tool and the output makes it easy for 

decision-makers to analyze and act on a given problem. In the following, a visual 

interpretation of the question “Is surgery or drug therapy the preferred option?” is 

offered.  
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Figure 4: One-way sensitivity analyis.7 

The decision-maker can, based on the parameter “(appropriate) discount rate” decide, 

whether or not to accept or reject surgery. If the value for the latter was always the 

same, then one could say that the decision is not sensitive to the value of the uncertain 

parameter (Morris et al., 2010). In the chart above, this is not the case, however, the 

decision maker is facing a threshold analysis, as a change in the preferred option occurs. 

 

Multi-way sensitivity analysis 

In case that more than one parameter across the model is varied at the same time the 

literature speaks about multi-way sensitivity analysis. More than two or three 

parameters make the analysis easily very cumbersome, but in the following chart the 

previous case with the two parameters “discount rate” and the “proportion of patients 

that experience adverse effects with the drug” (Morris et al., 2010). 

                                     
7 Morris et al., 2010. 
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Figure 5: Multi-way sensitivity analysis.8 

The figure displays any possible combination of the discount rate and the drug adverse 

event rate. Obviously, the latter does not influence the surgical option, however, the 

higher it is, the higher are the associated costs with the drug and the better the relative 

cost-effectiveness of surgery. The grey area is enclosed by pre-defined ranges, that 

depend on the decision-maker’s choice. The multi-way sensitivity analysis for this case 

concludes that in combination the results are sensitive to the assumptions, because the 

threshold line partly passes through the plausible region (ibid.). 

 

Statistically-based sensitivity analysis 

Even though the multi-way sensitivity analysis provides valuable information, the 

concept of “plausible regions” can be misleading, as it is not always clear how the 

boarders of the region are set. Therefore, in a statistically-based sensitivity analysis all 

parameters are investigated in combination. The authors Morris et al. (2010) 

differentiate between a probabilistic sensitivity analysis as part of a decision analysis 

model and a stochastic cost-effectiveness analysis as part of a trial-based analysis. Both 

use base case results regarded as point estimates of cost-effectiveness and sensitivity 

analysis as confidence intervals or interval estimates. 

  

                                     
8 Morris et al., 2010. 
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4 Analysis 
 
In this chapter, the in the previous chapter described CEA is undertaken, together with 

the decision tree analysis, and concluded with a sensitivity analysis. Even though both 

analyses were described separately in the methodology section, they will be jointly used 

for the analysis. The decision tree helps setting out complex sequences of clinical 

alternatives and therefore perfectly contributes to the CEA in order to get the outcome 

measures needed. The percentages for complication incidence as well as the reduction 

in operation time are equal among laparoscopic appendectomy and laparoscopic 

cholecystectomy, however, cost differ among the procedures. Thus, there will be one 

decision tree and one CEA respectively. 

Following Drummond at al. (2005), the next paragraphs are partly based on 

assumptions e.g. regarding how much complications rates can be increased, because it 

was not possible to gather sufficient clinical evidence. For that reason, the sensitivity 

analysis is conducted later to shed more light on these assumptions and examine their 

robustness in further detail. 

 

4.1 Decision-tree analysis 
 
For the decision tree analysis, we compare SBT training with the traditional 

apprenticeship for laparoscopic cholecystectomy and laparoscopic appendectomy 

respectively. We will first analyze LC, followed by LA. As we see a reduction in the 

complication rates as the biggest driver for costs, we focus on this measurement for the 

decision tree analysis. In order to describe various alternatives, we are using the 

previous described scenarios and their corresponding costs, as well as the costs for the 

procedures without complications. The clinical decision being faced for this tree is to 

find out, whether it is less expensive to send students through SBT training or whether 

CAMES should educate students according to the traditional apprenticeship model. 

Consequently, there are two arms of the tree: SBT and apprenticeship. A graphical 

illustration of the tree for LC is shown in Figure 6 below: 
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Figure 6: Decision-tree for LC.9 

 

As known from the literature, the complication rates in an apprenticeship setting for 

laparoscopic cholecystectomy are on average 7.2%, meaning, that in 82.8% there is no 

complication. These two probabilities can be found on the branches and are called 

branch possibilities. Further following the complication branch, the literature states, 

that the most common complications are bile leak, which a complication rate of 0.85% 

and internal bleeding with an incidence of 0.78%. Other complications are summed 

together, adding up to 98.37%. As calculated earlier, the cost for an uncomplicated LC 

is 23,801 DKK. On average, a bile leak costs the health care provider 119,857 DKK 

and a bleeding 28,554 DKK. The cost for “other complications” were assumed by us to 

be at 150,000 DKK, as they may include more severe and therefore more expensive 

complications. Multiplying costs with their corresponding branch probabilities gives us 

the expected costs. If the expected costs are summed up, the overall cost for an 

                                     
9 Based on own calculations. 
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apprenticeship education in laparoscopic cholecystectomy is output and equals 30,423 

DKK for the apprenticeship model. 

Looking at the SBT training, we followed the same structure, yet used a different 

complication rate and therefore receive different results. What can be seen is, that the 

expected costs for “no complications” is higher compared to the apprenticeship training; 

the overall expected costs (27,549 DKK) are, however, lower. That can be explained 

by the fact, that more uncomplicated laparoscopic cholecystectomies are conducted and 

therefore less but more expensive complicated cholecystectomies. Both educations 

differentiate overall only by 2,874 DKK and it has to be taken into account, that this 

decision-tree does not look at the costs for running the simulation center. In chapter 

three we calculated, that the costs per participant for an SBT course at CAMES lay 

at 1,126 DKK. That means, that even if those costs are added to the calculation, it 

would still be the least cost intense alternative. Additionally, ethical aspects are not 

taken into consideration at this point, as it is difficult to monetarize them, but from 

both a decision-makers side as well as a patient perspective, the SBT training for LC 

is preferable following the decision-tree analysis.  

 

Next, we take a closer look at the decision tree from laparoscopic appendectomy which 

can be found in Figure 7. 

As for the LC, the different branch probabilities are multiplied with the corresponding 

costs from scenario III and IV and the costs for an uncomplicated laparoscopic 

appendectomy. We assumed the same decrease in complication rates, because the initial 

probability is the same as well. As the costs for a LA are generally lower than for a 

LC, we also decreased the average price for “other complications” to 100,000 DKK, 

instead of 150,000 DKK. When comparing the summed overall costs for both 

alternatives, we can see, that for this procedure, the costs for the SBT (25,981 DKK) 

are slightly lower than for the apprenticeship costs (26,785 DKK). Adding the 1,126 

DKK as costs for running CAMES to the SBT cost, the picture changes in the other 

direction. 
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Figure 7: Decision-tree for LA.10 

 

4.2 Cost-effectiveness analysis and incremental cost-effectiveness ratios 
 
In this section, we will finally calculate cost-effectiveness and incremental cost-

effectiveness ratios for the two alternatives. Our research question we want to answer 

is, again, whether the simulation-based training is more cost-effective than the classic 

apprenticeship education in laparoscopic appendectomy and laparoscopic 

cholecystectomy. Therefore, we compare costs to effects of the procedures with different 

variables. As we examined the differences in complication rates already with the help 

of the decision-maker approach, we now focus on operative time as a measure for 

effectiveness using the just calculated costs for LC and LA to use in the CEA.  

Due to the difference in costs for LC and LA we look at both procedures individually, 

starting, again, with LC. For this analysis, we add the cost for training one trainee at 

                                     
10 Based on own calculations. 
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CAMES (1,126 DKK) to the SBT cost, in order to get a more accurate result. 

Consequently, the cost for a LC with SBT is 28,675 DKK. As stated in the literature, 

SBT can reduce operative time by 10 minutes. One could think that it was sufficient 

to just compare the ratios of cost to outcome between the different education types, 

however, a look at the incremental total cost over incremental total outcomes is salient 

and gives the decision-maker the desired result –  the cost of having one additional 

minute operative time. As we can see in Table 14, the ratio of cost to outcome is in 

fact higher for SBT than for the apprenticeship training. However, when looking at the 

incremental cost-effectiveness ratio (ICER), we can see, that every additional minute 

costs 175 DKK more, meaning, that SBT can save 1,748 DKK compared to the 

apprenticeship. 

Education Cost (in DKK) Outcome (in min) Ratio of cost to 
outcome (DKK per 
one minute) 

SBT 28,675 79 362 
Apprenticeship 30,423 89 342 
Increment (SBT over 
Apprenticeship) 

1,748 10 175 

Table 14: Incremental cost-effectiveness ratio for LA.11 

 

As for the LA one can see, that the ratio for only SBT is higher than the one for 

apprenticeship (Table 15). Nevertheless, there is a potential of saving 322 DKK in total 

per LA performed. 

Education Cost (in DKK) Outcome (in min) Ratio of cost to 
outcome (DKK per 
one minute) 

SBT 27,107 79 343 
Apprenticeship 26,785 89 288 
Increment (SBT over 
Apprenticeship) 

322 10 32 

Table 15: Incremental cost-effectiveness ratio for LC.12 

 

                                     
11 Based on own calculations. 
12 Based on own calculations. 
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Normally, one could argue to include discount rates for the apprenticeship education 

as we are considering different time horizons. Nevertheless, the logic behind discounting 

does not entirely apply here, as the value of SBT will most likely not decrease over 

time, as it is always new students coming in and starting the course from the beginning. 

Certainly, this evaluation contains a high degree of uncertainty, due to the 

unfortunate events in the data collection. So, what if the complication rate can only be 

reduced by 1 percent point? Or what if the assumed costs are for “other complications” 

are not accurate? What if there was an error in the data provided by CAMES? We are 

potentially facing several different types of uncertainty with this analysis, which are 

parameter and modelling uncertainty. Therefore, we are conducting a sensitivity 

analysis in the next section to examine these uncertainties in more detail. 

 

4.3 Sensitivity analysis 
 
The optimal analysis used for our case would be a statistically-based sensitivity 

analysis, and further a probabilistic sensitivity analysis, as the latter allows to examine 

several parameters at the same time. Doing so, we wish to estimate a confidence 

interval for the ICER. However, this is problematic, as ratios do not follow a simple 

probability distribution and the confidence interval had to be approximated as well. 

One way solving this problem, could be an ICER distribution created by using Monte 

Carlo Simulation. Unfortunately, this simulation expands the scope of this paper and 

we therefore decided to undertake a scenario-sensitivity analysis instead, looking at the 

parameter complication rate. 

In the following table (Table 16), the values used for the sensitivity analysis are shown. 

Model parameter Low value Base value High value 

Complication rate (in %) 2 
(Best case) 

7.2 15 
(Worst case) 

Table 16: Model parameter for sensitivity analysis.13 

Right now, the complication rate for LC is 7.2% and results in a cost of 30,423 DKK. 

In the decision-tree analysis, we assumed, that the complication could be reduced by 

                                     
13 Based on expert opinion and literature. 
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approximately 4 percentage points. For this sensitivity analysis, we are looking at the 

best case (a reduction to only 2%) and the worst case (an increase to 15%) through 

SBT. The results for LC are presented in Table 17 and Table 18 for LA respectively. 

Complication Rate (in %) Costs (in DKK) Difference to base value 

2 (Best case) 26,302 - 4,121 

7.2 (Base) 30,423 0 

15 (Worst case) 42,557 + 12,134 

Table 17: Sensitivity analysis for complication rates for LC.14 

Complication Rate (in %) Costs (in DKK) Difference to base value 

2 (Best case) 22,853 - 3,820 

7.2 (Base) 26,673 0 

15 (Worst case) 35,054 + 8,381 

Table 18: Sensitivity analysis for complication rates for LA.15 

The decrease in complication rates shows clearly the potential of SBT. For every 

procedure, approximately 1/7 of the current apprenticeship price could be saved. 

Obviously, it also shows the risk of the training, however, it is very unlikely that more 

training leads to an increase in complication rates. One could argue, that much less 

time is spent on real-patient training because it is substituted with SBT, but it is not 

CAMES intention to exclusively exchange both trainings with each other. 

  

                                     
14 Based on own calculations. 
15 Based on own calculations. 
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5 Discussion and recommendations 
 
In the previous chapter, we analyzed the cost-effectiveness of SBT compared to the 

apprenticeship training. We calculated the ICER and saw, that SBT comes along with 

a potential for cost savings regarding the use of simulators in healthcare. 

Nevertheless, the thesis writing process unfortunately did not always present itself in 

an easy and straightforward manner. To begin with, most of the data that was needed 

in order to conduct a solid research was not possible to collect, even though the authors 

tried to collect different data in several different ways. 

That was one of the reasons, why the hypothetical control group had to be created and 

doing so, interviews needed to be conducted. Problematic was, that the time of the 

field research mostly fell in the Danish summer (June to August), where doctors were 

unavailable at hospitals and the overall response rate for interview requests was thus 

very low (28%). But even in case of contact, the information, like e.g. the operative 

cost per minute was simply not available and no health care professional knew where 

else to retrieve it. Ironically, some of the data needed for this thesis had been available 

before the introduction of the Danish health IT system - sundhedsplatformen - and was 

retrievable by several health care professionals, this is, however, after the change not 

possible anymore. The information not available anymore include a complication 

platform for laparoscopic appendectomy and laparoscopic cholecystectomy as well as 

numbers regarding the amount of procedures and which operators, nurses, residents, 

etc. were participating in the operational process. Having this data would have resolved 

in a much more profound analysis and would have allowed to imply further 

recommendations and more proof of the efficiency of SBT. 

Moreover, the finding of a problem statement and the cooperation with the host at 

Rigshospitalet was not easy, as it changed several times during the process and different 

emphases and priorities were set. The host has a medical background and only wanted 

a brief description of the costs at hand, however, not considering that for an economic 

evaluation a control group is needed. That, in turn, led to several misunderstandings 

between us and the host and the resulting mess was not easy to handle. 
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It has been challenging to use complication rates and operative time as measurements 

for effectiveness instead of QALYs, which are less complicated to interpret, as they also 

include a patient measure. In the sensitivity analysis, a more sophisticated analysis 

could help to find out a threshold at which the SBT is beneficial, compared to an 

apprenticeship. Also looking at more than one model parameter could be interesting. 

Hence, the results of this thesis may be biased and not entirely projectable for similar 

settings. 

 

We had hoped that the results of this thesis would indicate an even more significant 

cost-savings with the implementation of simulation based training in LC and LA, as 

his would have allowed us to recommend adopting simulation-based training more 

generally in the education of healthcare professionals across different specialties and 

procedures. We nonetheless recommend, that hospitals in other regions in Denmark 

adopt simulation-based training in the education of their healthcare professionals. In 

addition, we recommended that further�research is made in the cost-effectiveness of 

simulation-based training in the education of healthcare professionals across different 

medical procedures and specialties. Probably, specific attention should be given to 

medical specialties with a high number of technical demanding procedures, in which 

simulation-based training potentially can reduce the number of complications and 

therefore creates a higher value when it can decrease costs.  

As we faced a variety of problems regarding the collection of cost data, we recommend 

CAMES to consider having a cost manager that can be accountable for management 

of the finance of their training programs. A cost manager can ensure that all training 

programs are carried out to control costs, maximize value, minimize future liabilities 

and maintain the required standard of quality and safety. 
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6 Scalability 
 
We would have hoped that the findings of our thesis be interesting for CAMES to 

consider looking into the cost effectiveness of other SBT programs offered at its facility. 

We had also hoped that hospitals in other regions would find the results of this thesis 

interesting to implement a similar economic evaluation on a higher caliber. 

It is worthwhile to look into the relationship between simulation based training in LA 

and LC and rate of complications as well as operative time, as a study like this has 

never been done before. In this way, a causality between SBT and reduction of 

complication rates and or operative time may be established.  
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7 Further research 
 
We recommend conducting a more extensive study such as a randomized control trial 

to compare simulation based training to the apprenticeship model in LA and LC to 

assess the causality between simulation based training and the reduction of both 

complication rates and operative time in LA and LC. A research with such caliber will 

result in more accurate data and will allow for a more accurate economic evaluation. 

However, randomized controlled trials only rely on a single data source and the decision 

tree analysis paired with a CEA may still be beneficial. Eventually, a deeper research 

in different data and access to the hospitals internal data source for a more advanced 

analysis may be sufficient.  
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8 Conclusion 
 
Simulation-based training has become an integral part of postgraduate medical 

education and has been widely implemented in laparoscopic training programs all 

around the globe as a supplement to clinical training in enhancing laparoscopic skills 

acquisition. It is an innovative approach to healthcare education that has the potential 

to increase patient safety and save costs by reducing the duration of the supervised 

clinical training on patients. The effectiveness of simulation-based training has been 

demonstrated across multiple medical procedures and specialties. There is abundant 

evidence that demonstrates the positive impact of simulation-based training in 

laparoscopic surgery on the competence and performance of surgical trainees in both 

simulated environments and real settings (Gardner et al., 2016). Although the evidence 

continues to grow regarding the effectiveness of simulation-based training in 

laparoscopic surgery, healthcare systems are under economic pressure and are being 

challenged to prioritize among competing interventions and technologies. Evidence on 

the costs and cost-effectiveness of the approach is required to justify whether to adopt 

it in the education of healthcare professionals. To provide this evidence a collaboration 

between CAMES and the authors of this thesis was established in order to answer the 

following research questions: What is the cost-effectiveness of simulation-based training 

compared to the traditional apprenticeship model (no simulation-based training) in 

medical education? Thus, from a decision-makers perspective, which training program 

is preferable? 

The thesis represents a general interest in the potential economic benefits of adopting 

simulation-based training in the education of healthcare professionals across different 

medical procedures and specialties. However, the analytical scope of the thesis was for 

practical reasons limited to the application of simulation-based training in the 

education of in laparoscopic surgery, specifically two abdominal procedures: 

laparoscopic cholecystectomy and laparoscopic appendectomy. 

Nevertheless, after describing methods used for the analyses, the cost-effectiveness of 

simulation-based training in both laparoscopic cholecystectomy and laparoscopic 

appendectomy could be shown undertaking a decision-tree and cost-effectiveness 
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analysis. Yet, the results underlie imperfect information and several biases, such as 

omitted variable bias, or selection bias. 

Nonetheless, CAMES is on the right way and will surely lead the Danish health sector 

in the future regarding simulation and will provide an even more efficient and safe 

health environment for both health care professionals as well as patients. 

 



 IX 
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Simulation Based Training at CAMES

Dear former student,

Our names are Taiba and Virginia.  We are studying "Healthcare Innovation" at KU and CBS. We are 
currently writing our Master Thesis about the Simulation based laparoscopic training programme at 
CAMES. 

We would very much appreciate your participation in our short questionnaire that will take  5 minutes 
to complete. Your answers will be very valuable to our research. All answers are anonymous.

If you have any questions please do not hesitate to contact us  vibo16ac@student.cbs.dk.

Thank you for participating!

Taiba and Virginia

CAMES

1. When did you participate in the simulationbased training at CAMES?

Mark only one oval.

 2013  2014

 2014  2015

 2015  2016

 2016  2017

 2017  2018

 Other

2. If other, please specify:

3. Have you completed all three parts of the training programme?

Mark only one oval.

 Yes, all three parts (Introductory course, selftraining, and practical animal course)

 No, only the introductory course

 No, only the introductory course and the selftraining

 No, only the selftraining

 No, only the selftraining and the animal course

 No, only the animal course

4. Which part of the programme did you prefer best? (you may choose more than one

answer)

Mark only one oval.

 Introductory course

 Selftraining

 Practical animal course
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5. Why?

 

 

 

 

 

6. Assuming that you only had gone through the introductory course and the selftraining. Do

you think that would have been enough?

Mark only one oval.

 Yes

 No

 I don't know

7. Why?

 

 

 

 

 

8. In your opinion, do you think the practical animal course was useful?

Mark only one oval.

 Strongly agree

 Agree

 Neutral

 Disagree

 Strongly disagree

PostCAMES

9. Have you performed (as the primary surgeon) a laparoscopic appendectomy after you have

completed the course at CAMES?

Mark only one oval.

 Yes

 No

 Only assisted

10. If yes, how many?

Mark only one oval.

 less than 5 cases

 5  10 cases

 more than 10 cases
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11. In your opinion, what part of the CAMES course helped you the most in the real life

laparoscopic appendectomy? (you may choose more than one answer)

Check all that apply.

 Introductory Course

 Selftraining

 Pig Course

12. Have you performed (as the primary surgeon) a laparoscopic cholecystectomy after you

have completed the course at CMAES?

Mark only one oval.

 Yes

 No

 Only assisted

13. If yes, how many?

Mark only one oval.

 less than 5 cases

 5  10 cases

 more than 10 cases

14. In your opinion, what part of the CAMES course helped you the most in the real life

laparoscopic cholecystectomy? (you may choose more than one answer)

Check all that apply.

 Introductory Course

 Selftraining

 Pig Course

The End

15. How old are you?
Mark only one oval.

 20  25 years

 25 29 years

 30 35 years

 more than 35 years

16. What is your gender?

Mark only one oval.

 Female

 male

 Prefer not to say
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Powered by

17. What is your specialty?

Mark only one oval.

 General surgery

 Urology

 Gynaecology

 Thoracic surgery

 Other


