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Abstract 
Simulation-based training 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 the approach has been demonstrated across multiple medical 

procedures, but evidence on its costs and cost-effectiveness is lacking. This thesis seeks to provide 

this evidence by examining whether a simulation-based program recently developed by the 

European Respiratory Society (ERS) is economically preferable to traditional apprenticeship 

training in the education for endobronchial ultrasound-guided transbronchial needle aspiration 

(EBUS).  

 The preferability of the simulation-based ERS program is examined by conducting an 

economic evaluation of the program with a dual analytical approach consisting of a cost-

effectiveness analysis covering the early phase of the education and a cost analysis covering the 

complete education. Building upon the results of the cost analysis, a budget impact analysis is 

performed to assess the financial consequences to the Danish society of adopting the program in 

EBUS education. 

 The results of the thesis suggest that the simulation-based ERS program is economically 

preferable to traditional apprenticeship training in EBUS education from a Danish societal 

perspective. The cost-effectiveness analysis shows that simulation training in the initial phase of 

EBUS education results in more competent operators when compared to apprenticeship training, but 

the increased educational effectiveness is also achieved at marginally higher costs. However, when 

assessed over the complete education, the simulation-based ERS program is estimated to provide 

cost-savings of 19,544 DKK per educated EBUS operator when compared to traditional 

apprenticeship training. The estimated cost-savings of adopting the ERS program in EBUS 

education in Denmark are 390,887 DKK over a five-year time horizon, and when generalizing the 

results to a hypothetical budget impact analysis of adopting simulation-based training in the 

education of specialists in pulmonary medicine in Denmark, the estimated cost-savings are 

18,273,990 DKK over a five-year time horizon.  

 Based on the results of the thesis, it is recommended that the simulation-based ERS program 

is adopted in EBUS education and 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. 
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Terminology and Abbreviations 
Terminology/Abbreviation Explanation 

BIA Budget Impact Analysis 

CAMES Copenhagen Academy for Medical Education and Simulation 

CEA Cost-Effectiveness Analysis 

EBUS-TBNA (EBUS) Endobronchial ultrasound-guided transbronchial needle-aspiration 

Endosonography A medical procedure in which an endoscope is inserted into the body and combined with ultrasound to obtain 
images of the internal organs (i.e. EBUS and/or EUS-FNA) 

ERS European Respiratory Society 

EUS-FNA Endoscopic ultrasound-guided fine needle aspiration 

HTA Health Technology Assessment 

ICER Incremental Cost-Effectiveness Ratio 

Mediastinoscopy Surgery to examine the mediastinum (lungs) usually for the purpose of obtaining a biopsy 

RCT Randomized Controlled Trial 

Simulation-based ERS program Full educational program for EBUS operators consisting of firstly simulation training and secondly supervised 
clinical training 

Simulation training Training on simulators 

Traditional apprenticeship 
model (TAM) 

Full educational program for EBUS operators solely consisting of supervised clinical training by a senior 
physician 

Traditional apprenticeship 
training 

Synonym for supervised clinical training in which trainees learn to perform the procedure on actual patients 
under the supervision of a senior physician 
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1. Introduction 
Simulation-based training on phantoms and virtual reality devices is an innovative and continuously 

developing approach to healthcare education that allows healthcare professionals to obtain and 

master basic clinical skills in a controlled educational setting before practicing on patients (Naur et 

al. 2017b). The use of simulation-based training is well-established in several other sectors than 

healthcare, and it has successfully been implemented in the training and testing in other high-risk 

performance environments such as air flight, military operations, and nuclear power plant 

operations to provide a controlled educational setting that prevents severe consequences of failures 

during training (Haluck et al. 2001). Studies show that benefits similar to those experienced in other 

sectors can be realized in the education of healthcare professionals, and the effectiveness of the 

training approach has already been demonstrated across multiple medical procedures and specialties 

(Thomsen et al. 2017; Tolsgaard et al. 2017; Nilsson et al. 2017). Besides allowing for the initial 

education of healthcare professionals to happen in a controlled educational setting on simulators 

rather than on patients, the demonstrated benefits of simulation-based training in healthcare 

education also include the induction of a shorter learning curve which can reduce the duration of the 

following supervised clinical training on patients (Konge et al. 2015; Stather et al. 2011; Wahidi et 

al. 2010). Under the supervised clinical training, the so-called traditional apprenticeship training, 

trainees practice on patients under the supervision of a senior professional, and, in addition to 

increasing patient safety, simulation-based training can therefore potentially save costs as more time 

of the supervising professional is released for other task when the duration of the supervised clinical 

training is reduced (Naur et al. 2017b; Konge et al. 2015). 

Despite the compelling evidence supporting its effectiveness, the adoption of simulation-

based training in healthcare education has been slow and challenging, especially in the education 

for many of the more complex clinical procedures, and it is often based on experiential notions 

rather than on an evidence-based and standardized approach (Khamis et al. 2016). From this 

perspective, simulation-based training is currently being underutilized in the education of healthcare 

professionals. A contributing reason to this underutilization is likely to be the limited evidence on 

the costs and cost-effectiveness of implementing simulation-based training in healthcare education. 

Most modern healthcare systems are under increasing economic pressure with decision-makers 

being forced to prioritize among competing options under budget constraints, and while simulation 

training represents tangible up-fronts costs in the form of participation-fees and high equipment 

costs, the traditional alternative in healthcare education, apprenticeship training, constitutes a more 
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intangible and often hidden expense, integrated in the daily operation of healthcare organizations 

(Drummond et al. 2015). 

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

Centre for Human Resources in the Capital Region of Denmark, develops and provides simulation-

based training for healthcare professionals to increase the quality and safety of patient treatment and 

care (regionh.dk/CAMES 2018). To allow decision-makers to make transparent and informed 

choices on the possible implementation of CAMES’ training programs in the education of 

healthcare professionals, evidence on the costs and cost-effectiveness of simulation-based training 

is needed. To provide this evidence, a collaboration between CAMES and the authors of this project 

was established. CAMES offers simulation-based training programs for multiple procedures, but 

due to the extensiveness of an economic evaluation of such programs, the analytical scope of this 

project is limited to simulation-based training in the education for endobronchial ultrasound-guided 

transbronchial needle-aspiration (EBUS-TBNA). This procedure is chosen as focus of the 

evaluation because of its important role in the staging of lung cancer and its increasingly frequent 

and widespread use in healthcare systems around the world resulting from the high burden from this 

disease (Ferley et al. 2013). 

Before presenting the purpose and structure of this project, a short background is provided 

on CAMES, decision-makers in healthcare education, EBUS-TBNA, and education for EBUS-

TBNA to clarify the underlying rationale and motivation for the project. 

 

1.1. Background 

1.1.1. About CAMES 

As mentioned, CAMES is organized under the Centre for Human Resources in the Capital Region 

of Denmark, and it consists of research, development, and educational sections for medical 

education and simulation-based training. Aligned with its vision and mission, CAMES develops 

and offers evidence-based education to healthcare professionals at a high international level. For the 

last twenty years, the academy has in close collaboration with clinical collaboration partners 

provided simulation-based training for healthcare professionals, and it has resulted in measurable 

higher treatment effects and increasing patient safety for many of the partners (regionh.dk/CAMES 

2018). Among the multiple programs offered by CAMES is a simulation-based training program for 

EBUS-TBNA, which together with a theoretical course and supervised clinical training constitutes 
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the three components in a comprehensive certified training program for the complete education of 

independent EBUS operators, recently developed by the European Respiratory Society (ERS) (Farr 

et al. 2016). 

 

1.1.2. Target Group: Decision-Makers in EBUS Education 

When deciding whether to adopt simulation-based training in the education of EBUS operators 

specifically and in the education of healthcare professionals more generally in Denmark, different 

layers of decision-makers exist. The Danish Health Authority is, as stated on its official website, 

“responsible for the administration and quality development of specialist training for medical 

doctors and dentists and advanced education for nurses as well as educational programs for other 

healthcare professions”, and together with the Danish Society of Respiratory Medicine the 

institution has the overall national responsibility for the education of specialists in pulmonary 

medicine in procedures such as EBUS (sst.dk 2018; retsinformation.dk 2017). The Danish Health 

Authority and the Danish Society of Respiratory Medicine therefore have the decision-competence 

to make simulation-based training mandatory in the education of EBUS operators in Denmark. 

Making simulation-based training mandatory in EBUS education will secure adoption of the 

approach on a national scale and hereby the largest possible impact of it in Denmark, but even if 

simulation-based training is not made mandatory, the management at the local hospitals educating 

EBUS operators can still decide to adopt the approach, hereby contributing to the diffusion and 

potentially widespread adoption of simulation-based training. As clear from above, several 

decision-makers affect the adoption of simulation-based training, but rather than to represent the 

specific perspective of one of these, the primary purpose of this evaluation is to represent the broad 

public interest in the Danish society and through this hopefully prove useful to all of the relevant 

decision-makers and stakeholders (Neumann et al. 2016). 

 

1.1.3. Endobronchial Ultrasound-Guided Transbronchial Needle Aspiration (EBUS-

TBNA) 

Lung cancer is one of the most common and severe types of cancer with approximately 1.8 million 

new cases worldwide every year and causing approximately 1.6 million deaths (Ferley et al. 2013). 

Furthermore, the economic burden on society is significant due to both the treatment and care costs 
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falling directly upon the healthcare sector, but also because of the high costs resulting from 

productivity losses and provision of informal care (Luengo-Fernandez et al. 2013b). 

To reduce the negative impact of lung cancer through early diagnosis and optimal treatment-

planning, accurate staging of mediastinal lymph nodes is essential. Endobronchial ultrasound-

guided transbronchial needle aspiration (EBUS-TBNA) is a minimally invasive procedure with high 

sensitivity, and, together with endoscopic ultrasound-guided fine needle aspiration (EUS-FNA), it 

has consequently replaced surgical staging as the initial test of choice in international guidelines 

(Vilmann et al. 2015).  

The diagnostic yield when performing EBUS-TBNA is essential to accurate staging, but it is 

highly dependent on the skills and experience of the operator, and the learning curve varies 

significantly between individual operators (Konge et al. 2015). Traditionally, EBUS operators have 

been trained according to the apprenticeship model, but a trend toward increased focus on patient 

safety has put this model under pressure as trainee participation increases procedure time, amount 

of sedation used, and may increase complication rates (Naur et al. 2017b; Stather et al. 2012). 

 

1.1.4. EBUS-TBNA Education: Description of the Alternative Training Programs 

EBUS operators have, as mentioned, traditionally been educated according to the traditional 

apprenticeship model. This training model is composed by firstly, an unstandardized theoretical 

introduction to EBUS and secondly, supervised clinical training in which the trainee, who has no 

prior EBUS experience, practice the procedure on patients under the supervision of a senior 

physician. The time of the supervising physician is, due to the high specialization of this person, 

often a scarce and valuable resource in the healthcare sector. The duration of the supervised clinical 

training depends on when the supervising physician assesses the trainee as competent to perform the 

procedure independently, and the duration therefore varies significantly depending on the operator, 

the supervisor, and the clinical context. However, international guidelines recommend the 

completion of a minimum of 40 to 50 supervised procedures before independent practice is initiated 

(Beamis et al. 2002; Ernst et al. 2003). 

Recent studies have demonstrated that simulation-based training is more effective than 

apprenticeship training in the initial steep part of EBUS operators’ learning curve, and the approach 

has the potential to reduce the duration of the subsequent supervised clinical training on patients as 

trainees with prior simulation training faster reach the required competence level to perform 

procedures independently (Konge et al. 2015; Naur et al. 2017b; Stather et al. 2011; Wahidi et al. 
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2010). Thus, simulation-based training has the potential to both improve patient safety and reduce 

educational costs as less clinical training of inexperienced trainees is conducted on patients and the 

time spend with a supervising senior physician is shortened (ibid.). Figure 1 illustrates the 

hypothetical learning curves of trainees with and without simulation-based training prior to the 

supervised clinical training. 

 

 
 

Figure 1. Graphical illustration of the hypothetical learning curves for trainees being educated with the simulation-

based ERS program (blue line) and the traditional apprenticeship model (red line). The X-axis indicates the average 

number of supervised clinical procedures. The Y-axis indicate the competence level of EBUS operators. The dotted grey 

lines indicate the number of supervised clinical procedures required to become an independent EBUS operator with the 

simulation-based ERS program and the traditional apprenticeship model, respectively. The figure illustrates the 

hypothesis that simulation training in the initial phase of the EBUS education can reduce the number of supervised 

clinical procedures required to become an independent EBUS operator when compared to the traditional 

apprenticeship model, however, over time we assume that both groups will acquire approximately the same competence 

level. The figure is based on the one illustrated in the article by Konge et al. (2015). 

 

To exploit the benefits of simulation-based training, ERS has, as mentioned previously, developed a 

formalized program for the complete education of independent EBUS operators which, besides the 

theoretical course and the supervised clinical training that also constitutes the traditional 

apprenticeship model, incorporates a simulation training course placed in time between these 

components. The simulation-based ERS program ends with an objective assessment that the trainee 

has to pass to complete the program and be certified as competent to perform EBUS procedures 
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independently (Farr et al. 2016). This objective assessment is in contrast to the traditional 

apprenticeship model in which the readiness of the trainee is based on the subjective assessment of 

the supervisor. To allow for a comparison of the two programs, the completion of both programs is 

in this evaluation aligned and, in accordance with the traditional apprenticeship model, defined as 

when the supervising physician assesses the trainee as ready to perform EBUS procedures 

independently. As illustrated in figure 1, the hypothesis in this project is that the simulation training 

course incorporated in the ERS program can reduce the duration of the subsequent supervised 

clinical training when compared to the traditional apprenticeship model and hereby potentially save 

educational costs. To examine this, the simulation-based ERS program and the traditional 

apprenticeship model are compared in an economic evaluation. The two programs are illustrated in 

figure 2 and described more in detail in section 2.8. 

 

 
Figure 2. Graphical illustration of the content of the simulation-based ERS program (intervention) and the traditional 

apprenticeship model (comparator). The completion of both programs is in this evaluation defined as when the 

supervising physician assesses the trainee as competent to perform EBUS procedures independently. 

 

As clear from the above description of the simulation-based ERS program and the traditional 

apprenticeship model, both programs start with a theoretical introduction to EBUS. The theoretical 

course in the simulation-based ERS program is more formalized and probably more comprehensive 

than the one typically provided in the traditional apprenticeship model. Nevertheless, the inclusion 

of a theoretical component is common to the two programs, and to allow for an analytical scope 

feasible within the conditions of this project, the theoretical courses of the two programs are 

assumed to be approximately equal, hereby allowing for an exclusion of them from the evaluation. 

The rationale for this exclusion is described more in detail in section 1.3. and 3.1.4. 
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1.2. Problem Statement 
As clear from above, the effectiveness of simulation-based training for EBUS has been 

demonstrated, but with healthcare systems being under economic pressure to prioritize among 

competing interventions and technologies, evidence on effectiveness alone is insufficient when 

deciding on whether to implement the training approach in the education of EBUS operators. Thus, 

to assess whether the implementation of a simulation-based training program is worthwhile and 

affordable, evidence on its costs and cost-effectiveness is needed (Drummond et al. 2015). The aim 

of this paper is to examine whether, from a Danish societal perspective, the simulation-based ERS 

program is economically preferable to the traditional apprenticeship model in the education of 

independent EBUS operators. To examine this, an economic evaluation of the program is conducted 

with a dual analytical approach consisting of a cost-effectiveness analysis covering the early phase 

of the education and a cost analysis covering the complete education. Building upon the results of 

the cost analysis, a budget impact analysis is performed to assess the financial consequences to the 

Danish society of adopting the simulation-based ERS program in the education of EBUS operators. 

The preferability of the simulation-based ERS program is examined through these three distinct 

analyses which are based on the following research questions and shortly described more in detail 

below.  

 

● Research question 1: What is the cost-effectiveness of simulation 

training in the initial part of EBUS operators’ learning curve when 

compared to supervised clinical training? 

● Research question 2: What are the incremental costs of the 

complete simulation-based ERS program when compared to the 

traditional apprenticeship model? 

● Research question 3: What is the budget impact of adopting the 

simulation-based ERS program in the education of EBUS 

operators in Denmark when compared to the traditional 

apprenticeship model? 

  

Firstly, a cost-effectiveness analysis (CEA) is performed to examine if simulation training applied 

in the initial part of EBUS operators’ learning curve is cost-effective when compared to traditional 

apprenticeship training. The CEA is based on a randomized controlled trial by Konge et al. (2015), 
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which investigates the effect on operator competences of 6 hours simulation training compared to 6 

hours of apprenticeship training. The use of operator competences as effect-measure is an 

untraditional approach in economic evaluations of healthcare interventions as it constitutes an 

intermediary outcome in the improvement of patient health, and it is therefore explained further in 

section 3.1.4.2. The time horizon of the CEA only covers 6 hours of training, not the complete 

education of EBUS operators, and it hereby reflects an analytical interest in the initial part of EBUS 

operators’ learning curve to assess the costs of improved operator competences in this early phase 

of the education when focusing solely on the costs and effects of simulation training rather than of a 

complete simulation-based training program also consisting of supervised clinical training.  

Secondly, as the cost-effectiveness analysis only covers the early phase of the education, a 

cost analysis is conducted afterwards with a time horizon covering the complete education of an 

independent EBUS operator. The longer time horizon applied in this analysis reflects a focus on the 

costs a complete simulation-based training program, hereby widening the scope from the CEA to 

incorporate both the simulation training and the supervised clinical training constituting such a 

program. The purpose of the cost analysis is to assess whether the implementation of the 

simulation-based ERS program can reduce the total costs of educating EBUS operators when 

compared to the traditional apprenticeship model. The cost analysis is based on an assumption of 

equal effects, with the level of operator competences at the end of the education being expected to 

be approximately similar for the two programs. The rationale for this assumption is that the 

completion of both programs is defined as when the supervising physician assesses the trainee as 

ready to perform EBUS procedures independently, and the trainees of the two programs can 

therefore on average be expected to have the same level of competences after ended education. This 

is described further in section 3.1.2. As such, the focus in the cost analysis is exclusively on 

potential cost-savings from the simulation-based ERS program when compared to the traditional 

apprenticeship model. The underlying hypothesis for the cost analysis is that the implementation of 

simulation training in the initial part of the learning curve in the ERS program can reduce the 

number of supervised clinical procedures required to become an independent EBUS operator when 

compared to the traditional apprenticeship model and hereby potentially save costs as supervision 

time with a senior physician is shortened.  

Finally, based on the results of the cost analysis, a budget impact analysis (BIA) is 

conducted and used as foundation to discuss the budget impact to the Danish society of 

implementing simulation-based training in the education of EBUS operators. However, EBUS is 
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only one of several technical demanding procedures that can potentially benefit from applying 

simulation-based training in the education of new personnel, and even though the focus of this 

economic evaluation for practical reasons is limited to simulation-based training in the education of 

EBUS operators, the evaluation represents a more general interest in the potential benefits of 

adopting simulation-based training in the education of healthcare professionals across different 

medical procedures and specialties. To address the benefits of simulation-based training in a 

broader setting than that of EBUS education, the findings from the cost analysis are generalized to 

the education of specialists in pulmonary medicine to consider the hypothetical budget impact of 

simulation-based training when applying it in all of the technical demanding procedures that this 

group of professionals is expected to master along with EBUS. This analysis provides the basis for 

a broader discussion of the potential cost-savings from adopting simulation-based training more 

generally in the education of healthcare professionals. The analytical approach with the CEA, the 

cost analysis, and the BIAs is illustrated below in figure 3.  

 

 
Figure 3. Graphical illustration of the analytical framework of the project. Firstly, a cost-effectiveness analysis is 

conducted to examine the cost-effectiveness of 6 hours of simulation training in the initial part of EBUS operators’ 

learning curve when compared to 6 hours of apprenticeship training. Secondly, a cost analysis covering the complete 

education is performed to compare the costs of educating an EBUS operator through the simulation-based ERS 

program and the traditional apprenticeship model, respectively. Lastly, building upon the results of the cost analysis, 

two budget impact analyses are performed to assess the financial consequences to the Danish society of adopting the 

simulation-based ERS program in the education of EBUS operators specifically and in the education of specialists in 

pulmonary medicine more generally.  
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1.3. Delimitations 
The research scope of this thesis is to examine whether, from a Danish societal perspective, the 

simulation-based ERS program is economically preferable to the traditional apprenticeship model in 

the education of independent EBUS operators. The focus of the project is delimited to the new 

simulation-based ERS program and the traditional apprenticeship model as these two programs 

constitute the most likely and broadest recognized possibilities in the education of EBUS operators 

in Denmark. Other potential comparators in the evaluation include less formalized simulation-based 

training programs than the version of ERS, and a do-nothing approach in which future EBUS 

operators conduct procedures independently in the clinic with no prior training. However, according 

to clinical consultants, a do-nothing approach is rarely applied in the Danish healthcare system and 

therefore not relevant to the analysis, and to limit the time and resources required to conduct the 

economic evaluation, the simulation-based ERS program is used as a concrete example to represent 

a simulation-based training program in EBUS education consisting of simulation training and 

supervised clinical training. 

As described in section 1.1.4., both the simulation-based ERS program and the traditional 

apprenticeship model start with a theoretical introduction to EBUS. The theoretical course 

integrated in the ERS program is more formalized and probably more comprehensive than the one 

typically provided in the traditional apprenticeship model, but according to clinical consultants, it 

can for analytical purposes reasonably be assumed that the courses have approximately the same 

content. To allow for an analytical scope feasible within the conditions of this project, we decided 

to exclude the theoretical component of both programs from the evaluation based on the assumption 

that the component is approximately equal between the two programs and therefore has no 

influence on the results of the evaluation. This decision is further supported by the unformalized 

nature of the theoretical component in the traditional apprenticeship model which makes is difficult 

to calculate the costs of it. Furthermore, the decision also reflects an isolated analytical interest in 

the cost-effectiveness and potential cost-savings of adopting simulation-based training rather than 

an interest in the consequences of a formalization of the theoretical part of the education. 

The lung cancer package initiated when suspecting cancer, consists of several possible 

investigations that are complementary to each other as no mediastinal tissue sampling methods can 

reach all mediastinal nodal stations (Naur et al. 2017a). These investigations include, among others, 

EBUS and EUS-FNA which are both minimally invasive but can reach lung tumors in different 

locations. Evidence has shown that the integration of both techniques in a single combined 
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endoscopic approach increases the accuracy of the procedure, however, EUS-FNA is not yet an 

integrated part of lung cancer investigations in all hospitals and no formalized simulation-based 

training program exists for EUS-FNA at present (Vilmann et al. 2015; Naur et al. 2017a). Based on 

the above reasons and the extensiveness of including other procedures within pulmonary medicine, 

we have decided to delimit our analysis to EBUS education. However, despite the analytical focus 

being limited to EBUS education, the thesis represents a general interest in the potential benefits of 

adopting simulation-based training in the education of healthcare professionals across different 

medical procedures and specialties, and to address these benefits, the results of the thesis are in 

section 5.2.2. generalized to the education of specialists in pulmonary medicine to consider the 

hypothetical budget impact of simulation-based training when applying it in all of the technical 

demanding procedures that this group of professionals is expected to master besides EBUS. It 

should be noted that the estimated budget impact is only hypothetical, as the results of the thesis are 

specific to EBUS education and therefore not directly transferable to other procedures, however, the 

estimate can still open up for a discussion of the potential impact of adopting simulation-based 

training more generally in the education of healthcare professionals.  

The geographical scope of the thesis is, despite its potential for a generalization of the 

results to other countries, limited to a Danish context. The main reasons for this is that the thesis 

was established as a collaboration between CAMES and the authors of this project, with both 

parties being located in Denmark, and the aim of the thesis is therefore to inform Danish decision-

makers about the preferability of the simulation-based ERS program when compared to the 

traditional apprenticeship model. The location of both parties in Denmark also allowed for an easier 

access to data specific to the Danish context. Thus, we have calculated the costs of educating an 

EBUS operator through each of the two training programs based on the costs faced when providing 

this education in Denmark. The results of the thesis are therefore specific to the Danish decision-

context, but as described in section 5.3., it is possible for other countries to adjust the input 

parameters of the analytical model to their local decision context, and the analytical model can 

hereby be generalized to other countries. 

The aim of the thesis is to provide an economic evaluation of the simulation-based 

ERS program and hereby inform decision-makers on whether the program is economically 

preferable to the traditional apprenticeship model in the education of EBUS operators. Health 

Technology Assessment (HTA) is the overall research area that delivers evidence-based inputs for 

such decisions, and an economic evaluation is only one of several elements in a full HTA which 
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besides the economic element also consists of analysis and assessment of three other elements 

termed the technology, the patient, and the organization (Kristensen & Sigmund 2008). Due to the 

extensiveness of conducting an HTA covering all these four elements, a full HTA is outside the 

scope of this thesis. Thus, the thesis informs decision-making by analyzing and assessing the 

economic element, hereby providing evidence on the cost-effectiveness and potential cost-savings 

of adopting the simulation-based ERS program when compared to the traditional apprenticeship 

model. 

 

1.4. Project Outline 
In order to answer the problem statement, the thesis is structured into six interrelated sections. In 

section 1., an introduction to the topic of the thesis and its context has been provided together with a 

presentation of the problem statement and delimitations of the thesis. This is in section 2. followed 

by a more thorough description of the background for EBUS-TBNA and simulation-based training 

to give the reader a clear understanding of these topics and, through this, an understanding of the 

rationale for the thesis. In section 3., the methodological approach applied in answering the problem 

statement is explained. The section starts with a presentation of the analytical framework and the 

methodological decisions and assumptions made in the design of the study, and this is followed by a 

review of the methods and sources applied in the collection of primary and secondary data to inform 

the different model parameters. The remaining part of the section is dedicated to the identification, 

measurement, and valuation of model parameters. In section 4., the results of the thesis are 

presented in either tabular or graphical form and they are shortly commented upon. This includes 

the results of the cost-effectiveness analysis, the cost analysis, and the budget impact analyses as 

well as the results of the sensitivity analyses examining the robustness of these. In section 5., the 

results of the thesis and the robustness of them are discussed to answer whether the simulation-

based ERS program is economically preferable to the traditional apprenticeship model in the 

education of EBUS operators. To provide a nuanced answer, the section also briefly touches upon 

other non-economic aspects of simulation-based training that were not addressed directly in the 

economic evaluation. Furthermore, the reliability of the results is assessed through a discussion of 

strengths and limitations of the thesis. Finally, concluding remarks are provided in section 6. with a 

summary of the findings of the thesis and recommendations for further research. 
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2. Background  
In the following section, a background for EBUS-TBNA and simulation-based training is provided 

to give the reader a clear understanding of these topics and, through this, an understanding of the 

rationale for the thesis. More of the subjects treated in the section have already shortly been touched 

upon in the introduction, but a more adequate description is provided in this section. The section 

starts with a presentation of the epidemiology, economic burden, pathophysiology, and diagnosis of 

lung cancer to allow the reader to understand the aim and application of EBUS-TBNA. Following 

this, EBUS-TBNA is described more in detail, including a short introduction to the diagnostic yield, 

safety, and cost-effectiveness of the procedure, hereby clarifying the substantial benefits of the 

approach in the staging of lung cancer. Subsequently, the effectiveness of simulation-based training 

in EBUS education specifically and healthcare education more generally is described to 

demonstrate the rationale for adopting this educational approach in EBUS and healthcare education. 

Finally, the education of operators in EBUS-TBNA is examined with a presentation of the two 

distinct training programs being compared in this project, the traditional apprenticeship model and 

the simulation-based ERS program. 

 

2.1. Epidemiology of Lung Cancer 
Lung cancer is the cancer disease that causes most deaths both worldwide and in Europe (Ferlay et 

al. 2013). According to numbers from 2012, approximately 8.2 million people die from cancer 

every year globally, with lung cancer alone being responsible for 1.6 million deaths, corresponding 

to nearly 20% of all cancer-related deaths (Ervik et al. 2016). The disease is most common among 

men with around 1.2 million new cases worldwide in 2012 versus 583,000 new cases among 

women (Ferlay et al. 2013). The mortality of lung cancer follows the incidence very closely with a 

global fatality rate on 0.87 (Didkowska et al. 2016). In Europe, lung cancer caused approximately 

353,000 deaths in 2012 corresponding to one fifth of the total number of cancer deaths that year. 

One third of lung cancer deaths occurs after the age of 75 (Ferlay et al. 2013; Didkowska et al. 

2016). Data from the Danish Cancer Registry and the Cause of Death Registry from 2016 showed 

that the incidence was 4,683 new lung cancer cases in Denmark in 2016, while 3,723 Danish men 

and women died from cancer in trachea, bronchitis, and lungs the same year (Sundhedsdatastyrelsen 

2017a; Sundhedsdatastyrelsen 2017b). Lung cancer has the second highest incidence rate of all 
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cancers for both sexes in Denmark and the poorest relative survival rate at 9-16% 5 years after 

diagnosis (Sundhedsdatastyrelsen 2017b).  

As lung cancer typically develops over a lifetime, the consequences of smoking habits and 

high smoking prevalence show many years after (Didkowska et al. 2016). The last 10 years, there 

has been observed a decreasing tendency in the lung cancer incidence rate among Danish men and a 

stagnation among Danish women, with the latter having one of the highest incidence rates of lung 

cancer in the world (Sundhedsdatastyrelsen 2017a; Didkowska et al. 2016). A reason for the high 

and stagnant incidence rate among Danish women is that they acquired smoking habits later than 

men (Didkowska et al. 2016). The convergence between the lung cancer incidence of the two sexes 

is presumed to be due to the development towards greater uniformity in men's and women's 

smoking habits throughout the last 30 years (Sundhedsdatastyrelsen 2017a). This is confirmed 

globally where variations in lung cancer rates have shown to follow differences in the tobacco 

epidemic (Peto et al. 1992).  

 

2.2. Societal and Economic Burden of Lung Cancer 
A recent review from 2016 based on historical data, predicts that the number of lung cancer deaths 

worldwide will double from 2012 to 2035 and the number will continue to be twice as high among 

men as among women (Didkowska et al. 2016). Same tendency is predicted for the European 

Region, where the authors predict the number of lung cancer deaths to increase to 530,257 in 2035, 

corresponding to a 37% increase over 23 years (ibid.). Despite the predicted continuing decrease in 

tobacco consumption during this period, the absolute number of deaths from lung cancer is 

expected to continue to increase as a result of demographic changes, predominantly from the aging 

population (ibid.). 

A population-based cost analysis from 2013 investigating the economic burden of the most 

common types of cancers across 27 European countries, found that lung cancer had the highest 

economic costs (Luengo-Fernandez et al. 2013a). It is estimated that the costs of lung cancer in EU 

in 2009 was €18.8 billion, which include all healthcare costs (primary care, outpatient care, 

emergency department, inpatient care, and medications), productivity losses, and informal care 

costs (Luengo-Fernandez et al. 2013b). This corresponds to 15% of the costs of all cancers. Lung 

cancer was identified to have the highest productivity costs because of early death, costing €9.92 

billion and corresponding to 23% of the productivity costs from all cancers. Furthermore, the costs 
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of informal care were also highest for patients with lung cancer, amounting to €3.82 billion and 

representing 16% of the total informal care costs due to cancer. 

In Denmark in 2009, the total societal costs of lung cancer were estimated to €391 million, 

of which total healthcare costs accounted for €52 million, informal care for €57 million, and 

productivity losses due to mortality and morbidity for 236 million and 46 million, respectively 

(Luengo-Fernandez et al. 2013b). Out of 27 European countries, Denmark is ranked number 18 in 

terms of lung cancer-related healthcare expenditures per capita. In 2009, the healthcare costs to lung 

cancer in Denmark were estimated to €10 per capita before adjusting for price differentials across 

European countries, and €6 per capita after adjustment.  

 

2.3. Lung Cancer Pathophysiology and Etiology       
A full description of the pathophysiology of lung cancer is beyond the scope of this project. 

However, a basic understanding of the disease is preferable to obtain the knowledge necessary to 

understand the condition as well as the diagnosis and treatment of it.  

One major mechanism by which smoking causes cancer is the carcinogens in the tobacco 

smoke that can cause DNA damage leading to mutations in critical genes (Warren et al. 2014). 

Tobacco smoke contains more than 7,000 chemicals of which at least 69 can cause cancer (Centers 

for Disease Control and Prevention US, 2010). Because these compounds are foreign to the human 

body, the body tries to detoxify them. However, if the carcinogens remain in the body, they can 

cause miscoding during the DNA-replication, which can result in a permanent mutation in the DNA 

sequence. If the mutation is in genes responsible for the normal cell growth control-mechanisms, 

the mutation may lead to uncontrolled proliferation, further mutations, and cancer. Thousands of 

mutations are proven present in the DNA of lung tumors from smokers (Warren et al. 2014).  

It is recognized that smoking is responsible for more than 90% of all lung cancers (IARC 

2004). Passive smoking, exposure to asbestos, air pollution, radon, and x-rays are other known risk 

factors for lung cancer (Warren et al. 2014; IARC 2004). The duration of smoking and the number 

of cigarettes smoked per day are the strongest determinants of lung cancer in smokers with, among 

other, an 8.9-fold higher risk of all lung cancer histologies in men having between 1 and 20 pack-

years of smoking, and a 47.7-fold higher risk for men with 60 pack-years. One pack-year 

corresponds to smoking 20 cigarettes every day for 1 year, or 40 cigarettes per day for half a year 

and so on (Pesch et al. 2012).  
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2.4. Diagnosis of Lung Cancer 
In order to diagnose lung cancer and plan the optimal treatment, accurate staging is necessary 

(Rivera and Metha 2007). The treatment opportunities and whether the tumor is treatable at all, 

depend on the location of the tumor and the spread from it (Vilmann et al. 2015). In Denmark, 

cancer packages were initiated by politicians in 2009 to ensure faster, more efficient, and well-

planned patient courses (Sundhedsstyrelsen 2013).  

A cancer package is a standard patient course, where each step of the treatment is organized 

as well-defined events regarding time and content, and all steps are booked in advance. The cancer 

package is initiated with the suspicion of cancer and it covers investigation, initial treatment, 

treatment, and post-treatment. If the general practitioner or a hospital department suspects lung 

cancer based on clinical symptoms, patients are referred to an x-ray of thorax to check for any 

abnormalities in the lungs and if the x-ray shows malignancy suspected infiltrate, there is 

reasonable suspicion of lung cancer and the patient is then referred to the lung cancer package 

where further investigations are performed (Sundhedsstyrelsen 2013). These investigations include 

a CT-scanning and/or positron emission tomography (PET) to characterize the primary lung lesion 

and the mediastinum, and search for metastases (Vilmann et al. 2015). If the tumor is centrally 

located, the patient may undergo one or more of the following investigations: Bronchoscopy with 

optional biopsy, endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA), 

and/or esophageal ultrasound-guided fine needle aspiration (EUS-FNA), and optional the 

mediastinoscopy surgery with biopsy (Sundhedsstyrelsen 2013). All of these investigations can 

provide a biopsy to confirm or reject metastatic mediastinal nodal involvement. Conventional 

bronchoscopy is often the first investigation performed in patients with centrally located lung 

tumors, but if the tumor is not visible by use of this procedure, endosonography (i.e. EBUS-TBNA 

and/or EUS-FNA) is suggested (Vilmann et al. 2015). Mediastinoscopy is a surgery to look at the 

inside of the upper chest between and in front of the lungs, and it was previously the recommended 

initial procedure for staging of lung cancer. However, the procedure is associated with morbidity 

and significant costs compared to the less invasive endosonography (Detterbeck et al. 2007; Sehgal 

et al. 2016). EBUS-TBNA and EUS-FNA are both minimally invasive, safe, and they rarely require 

general anesthesia. Today, endosonography is “recommended in guidelines as the initial test of 

choice over surgical staging because it improves nodal tissue staging, reduces the number of futile 

thoracotomies, and is cost-effective” (Vilmann et al. 2015). However, no single diagnostic 

procedure can reach all mediastinal nodal stations (ibid.). While EBUS-TBNA can take biopsies 
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from the hilar nodes and from the intrapulmonary nodes, EUS-FNA can reach lung tumors located 

in the lower mediastinum and structures below the diaphragm (ibid.). As the procedures are 

complementary to each other, it would be meaningful to learn them in combination, but currently 

simulators only exist for lung cancer staging with EBUS-TBNA (Naur et al. 2017a). Consequently, 

the scope of this thesis is limited to simulation-based training for EBUS-TBNA, and this choice is 

further explained in section 1.3. In the remaining paper, the term “EBUS” is used to refer to the 

procedure endobronchial ultrasound-guided transbronchial needle aspiration. In order to validate the 

use of EBUS in clinical practice, the next two paragraphs compare the accuracy and cost-

effectiveness of endosonography (EBUS and/or EUS-FNA) and surgical staging (mediastinoscopy).  

 

2.5. Diagnostic Yield and Safety of EBUS 
EBUS was introduced around 2005 and it has revolutionized the history of bronchoscopy ever since 

(Luengo-Fernandez et al. 2015a). Today, the European Society of Gastrointestinal Endoscopy 

(ESGE) recommends endosonography as the initial procedure over surgical staging because of the 

high sensitivity and minimally invasive form (Vilmann et al. 2015). Several studies, including a 

recent literature review from 2017, have concluded that EBUS is an accurate, safe, and cost-

effective tool in lung cancer staging (Sampsonas et al., 2018). The procedure is found to have a 

similar or higher diagnostic yield than surgical staging as well as a significantly lower complication 

rate due to the less invasive form (Annema et al. 2010; Sehgal et al. 2016). Moreover, EBUS is 

found to significantly increase the median survival because of a significant decrease in time to 

treatment decision with EBUS compared to conventional surgical staging (Navani et al. 2015).  

 

2.6. Cost-Effectiveness of EBUS 
Several studies find that EBUS is cost-effective compared to alternative procedures, including the 

Medical Services Advisory Committee of the Australian Government (MSAC), which has reviewed 

all available clinical evidence and economic analyses within the field and concluded that EBUS-

guided procedures are cost-saving compared to current practices (MSAC 2008).  

Furthermore, a health economic analysis from 2014 investigated the cost-effectiveness of 

endosonography versus surgical staging by looking at the survival, quality of life, and cost-

effectiveness up to 6 months after the operation in three countries (UK, Netherlands and Belgium) 

(Rintoul et al. 2014). The authors found that the endosonography strategy overall had higher 
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quality-adjusted life years as well as mean cost-savings of €138, €280, and €1010 per patient for 

Netherlands, Belgium, and UK, respectively. Another cost-effectiveness study from 2008 compared 

the costs of 5 different strategies for staging of lung cancer, and it also found that standard 

bronchoscopy combined with EBUS reduces the costs significantly when compared to surgical 

staging alone (Kunst et al. 2008).  

A Danish cost-effectiveness study from 2013 investigated the optimal strategy for the 

staging of lung cancer and it found that it is cost-effective to make a combined strategy of PET-CT 

and EBUS, sending all patients to a combined PET and CT scanning and confirming positive 

findings on nodal involvement by EBUS (Søgaard et al. 2013). The authors estimate that the costs 

of this strategy are €18,067 per patient compared to €20,803 per patient when only using surgical 

staging, which is the costliest strategy. Furthermore, the study finds that the strategy of sending all 

1,000 patients to EBUS after PET-CT no matter the result from the scanning, results in the same life 

years saved but increases the total cost with €200,000 when compared to only sending those 200 

patients with positive findings to EBUS.  
 

2.7. Effectiveness of Simulation Training 
It is generally agreed that the diagnostic yield of EBUS is very dependent on the operator’s skills 

and experience (Konge et al. 2015; Naur et al. 2017b). The learning curve of the procedure is long 

and highly individual, and it is shown that the diagnostic yield of the operator improves with 

practice (Wahidi et al. 2010; Steinfort et al. 2011). Traditionally, invasive procedures such as EBUS 

are taught using the apprenticeship model where the inexperienced trainee practice on patients 

under the supervision of a senior physician (Naur et al. 2017a). However, an increased focus on 

patient safety and patient satisfaction has put pressure on this model because the supervised 

rehearsal on patients typically involves longer procedure times, more sedation used, and a tendency 

toward increased complication rates (Stather et al. 2013; Ouellette 2006). Today, there is no 

predetermined number of procedures that an apprenticeship trainee is required to perform before 

being considered competent to perform the procedure independently. Instead, it is often based on an 

arbitrary rather than evidence-based number or on subjective impressions of the supervisor 

(Vilmann et al. 2015).  

 As an alternative to the traditional apprenticeship model, simulation-based training on 

phantoms and virtual reality devices has been suggested to help trainees in the initial steep part of 

the learning curve (Vilmann et al. 2015). Simulation-based training is a new and innovative 
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approach to healthcare education that allows trainees to obtain and master basic clinical skills in a 

controlled educational setting before practicing on patients. Advantages of simulation-based 

training include that it provides “an opportunity to standardize the learning process, provide 

learners with consistent feedback and objective skill performance measures, and the opportunity to 

repeat incorrect maneuvers without placing any of the procedural learning burden on patients” 

(Stather et al. 2011). The advantages of simulation-based training are reflected in the increasing 

adoption of the technology in healthcare education where it, among other, has become an integrated 

part of several courses in basic clinical procedures in the education of Danish medical students 

(regionh.dk/CAMES 2018). However, among the more complicated clinical procedures such as 

EBUS, the adoption has been slower and more challenging, and simulation-based training is not yet 

a mandatory part of EBUS training in Denmark (regionh.dk/CAMES 2018). The slow adoption of 

the technology is, as mentioned, despite comprehensive evidence on the clinical effectiveness of 

simulation-based training in the general education of healthcare professionals across different 

medical specialties. A systematic review and meta-analysis based on 609 papers regarding the 

effects of simulation-based training found “large effects for outcomes of knowledge, skills, and 

behaviors and moderate effects for patient-related outcomes” in comparison with no simulation 

training (Cook et al. 2011). Similarly, a study of the effects on quality and efficiency of care when 

receiving simulation-based transvaginal ultrasound compared to only clinical training showed that 

simulation training was associated with a reduction in patients’ discomfort, an increase in perceived 

safety, and higher scores on patients’ confidence (Tolsgaard et al. 2017). Furthermore, a systematic 

review of the general skill-transfer from simulation-based training to surgical performance on real 

patients in clinical practice showed strong evidence that “participants who reached proficiency in 

simulation-based training performed better in the patient-based setting than their counterparts, 

who did not have the simulation-based training” (Dawe et al. 2014).  

 Regarding simulation-based training for EBUS, simulation-trained EBUS operators have 

shown to perform the procedure on a very high level that is transferable to clinical EBUS 

performance (Stather et al. 2012). A recent systematic review on simulation-based training for 

EBUS finds that “simulation-based training is more efficient than apprenticeship training during 

the beginning of the learning curve because the patients are exposed to fewer risks due to 

inexperience of the operator, and it should thus be mandatory prior to performing procedures on 

patients” (Naur et al. 2017b). Similarly, a randomized controlled trial from 2015 found that 

procedures performed by simulator-trained novices received higher test scores than procedures 
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performed by apprenticeship-trained novices, when testing their skills on actual patients (Konge et 

al. 2015). Based on this, the study concludes that simulation training is more effective than the 

traditional apprenticeship training in the initial part of EBUS operators’ learning curve.  

Regarding time used per procedure, evidence shows that trainees who have received simulation-

based training perform the procedure significantly faster when compared to the trainees that have 

received apprenticeship training (Stather et al. 2011). Moreover, the procedure time has in general 

been shown to be significantly longer for procedures with trainee participation than for procedures 

without trainee participation, and one additional benefit of simulation-based training is therefore 

that the number of supervised clinical procedures that is required to educate an independent EBUS 

operator is recognized to be lower when simulation training has preceded the supervised clinical 

training (Stather et al. 2013; Wahidi et al. 2014). By shortening the supervised clinical training, 

simulation-based training can increase patient safety and potentially save costs when compared to 

the traditional apprenticeship training, as it reduces the amount of time that a specialized 

supervising physician needs to be present to monitor the work of the trainee.  

 The review of the available literature shows that simulation-based training is effective and 

prevents patients from experiencing unnecessary discomfort associated with the traditional 

apprenticeship training. Despite these positive effects, it is important to acknowledge that 

simulation training should only be a supplement to the supervised clinical training in the initial part 

of the educational program to overcome the first part of the steep learning curve, and a full 

simulation-based program will therefore consist of both simulation training and supervised clinical 

training (Vilmann et al. 2015). 
 

2.8. EBUS Education: The Traditional Apprenticeship Model and the 

Simulation-Based ERS Program 
EBUS is a complex and technically challenging procedure, and the diagnostic yield of it is highly 

dependent on the competences of the operator (Konge et al. 2015; Naur et al. 2017b). Consequently, 

the newest guideline from the European Society of Gastrointestinal Endoscopy (ESGE) 

recommends simulation-based training in the initial part of EBUS operators’ learning curve before 

performing the procedure on patients (Vilmann et al. 2015). Despite this recommendation, EBUS 

training traditionally happens according to the apprenticeship model (Naur et al. 2017a). The 

traditional apprenticeship model is composed by an unstandardized theoretical introduction to 

EBUS followed by supervised clinical training where trainees with no prior EBUS experience 
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practice the procedure on patients under the supervision of a senior physician. Besides introducing a 

tendency toward increased complication rates, an additional limitation of this training model is that 

it causes significant variability in the procedural training because the type and frequency of 

procedures performed in the clinic are left to chance (Stather et al. 2011; Stather et al. 2013). 

Furthermore, the assessment of competences of the apprenticeship trainee is not standardized or 

assessed through a test. Instead the decision of when the trainee is competent to perform 

independently is determined by the supervising physician based on a subjective assessment of the 

trainee’s skills.  

Until recently, no international consensus on how EBUS training should be delivered 

existed, but in 2014, a task force of simulation and EBUS-experts from three university hospitals 

was mobilized to formulate and implement a comprehensive training program to educate doctors in 

performing EBUS independently and competently (Farr et al. 2016). In 2016, the European 

Respiratory Society (ERS) together with the EBUS task force launched a formalized training 

program for EBUS organized in three modules: Theory (part 1), simulation training and clinical 

observation (part 2), and supervised clinical training (part 3) (Farr et al. 2016; ersnet.org 2018). 

Each module has to be passed to receive certification and move on to the next part of the training 

program (Naur et al. 2017a). The first theoretical module consists of online modules and theoretical 

courses, that provide participants with the relevant theoretical and practical knowledge and insight 

into EBUS to be competent in performing the procedure (ersnet.org 2018). The second module 

consists of simulation training at one of the training centers in either Heidelberg, Amsterdam, or 

Copenhagen at CAMES, and observations of senior physicians performing EBUS-procedures in a 

clinical setting on patients (ersnet.org 2018). At CAMES, the module consists of a two-day 

simulation training course and one day with clinical observation at Roskilde Hospital. During the 

simulation training, the complete EBUS procedure is practiced including introduction of the scope, 

identification of anatomical landmarks, checking for enlarged lymph nodes, and obtainment of 

biopsies (Naur et al. 2017a). In the third module, trainees have to perform supervised EBUS 

procedures at their local units, that is, the hospitals where they are employed (Farr et al. 2016). 

Participants have to document these procedures in an online portfolio, and in order to be certified by 

ERS as competent to perform EBUS independently, they have to submit written case reports and 

video recorded procedures for assessment and approval. The aim with this structured training 

program is to “ensure that learners will be well-equipped to provide a high level of patient care 

with a dedication to professionalism” (Farr et al. 2016). 
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3. Methodology 
The following section describes the methodological approach applied in answering the problem 

statement of this project. The section is structured in four distinct but interrelated parts: In section 

3.1., the methodological approach and the analytical framework of the economic evaluation is 

described, including a presentation and argumentation for the study design chosen. This is in section 

3.2. followed by a review of the methods and sources applied in the project in the collection of 

primary and secondary data to inform the analyses and model parameters. In section 3.3., resource 

items relevant to the analyses are identified, measured, and valued. Building upon the identification, 

measurement, and valuation of resource items, section 3.4. describes the specific estimates of model 

parameters applied in the CEA and the cost analysis based on the different time horizons applied in 

the two analyses. 

 

3.1. Economic Methodology and Analytical Framework 
In the following section, the methodology and analytical framework applied in the economic 

evaluation of simulation-based training for EBUS is described. Firstly, in section 3.1.1., a short 

introduction to the study area of health technology assessment (HTA) is provided to present the 

underlying rationale and overall framework for the general conduction of economic evaluation in 

healthcare. Secondly in section 3.1.2. and onwards, the methodological approach and analytical 

design specifically applied in this evaluation is described. The purpose is to create transparency 

about how the evaluation is conducted by making explicit the different methodological and 

analytical decisions and assumptions that are made in the process (Neumann et al. 2016). 

 

3.1.1. Introduction Health Technology Assessment (HTA) 

As mentioned in section 1., healthcare expenditures are increasing worldwide and there is a rapid 

growth in the number of new and innovative medical technologies available. 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. 2015). 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 



  

Page 29 of 120 
 

additional requirement in the decision-making process (ibid.). 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. 2015; Neumann et al. 

2016). 

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

area that delivers evidence-based inputs for these priorities and decisions, hereby linking the 

research domain with the decision-making domain (Kristensen & Sigmund 2008). According to 

Kristensen & Sigmund (2008), HTA comprises analysis and assessment of several areas where the 

application of medical technologies can have consequences, and these can be grouped under four 

primary elements: 1. the technology, 2. the patient, 3. the organization, and 4. the economy. Focus 

in this project is on the economic element to clarify the relationship between costs and effects of the 

simulation-based ERS program when compared to the traditional apprenticeship model, hereby 

supporting decision-makers in choosing the EBUS education program that provides most value for 

the money spend (Kristensen & Sigmund 2008). The economic element in HTA is assessed by 

conducting an economic evaluation of the technology of interest. Economic evaluation is by 

Drummond et al. (2015) defined as “the comparative analysis of alternative courses of action in 

terms of both their costs and consequences”. Based on this definition, the main tasks when 

conducting an economic evaluation are to “identify, measure, value, and compare” the costs and 

effects of the interventions being analyzed. Thus, an economic evaluation constitutes a systematic 

approach to the assessment of costs and effects of medical technologies to provide evidence on their 

relative cost-effectiveness, and it can, when performed well, contribute to a more transparent and 

unbiased decision-making process in the allocation of resources (Drummond et al. 2015). The aim 

with economic evaluation is, as mentioned, to estimate the opportunity costs of the different 

healthcare interventions and, based on this, choose and reimburse the intervention that provides 

most value for the money spend. As such, it constitutes a decision-making tool for constrained 

optimization which is used to identify how to achieve as much health as possible given budget 

constraints (Neumann et al. 2016). The opportunity costs are represented by a cost-effectiveness 

threshold which constitutes a decision-rule for when an intervention should be reimbursed 

(Neumann et al. 2016). However, when assessing the cost-effectiveness of an intervention, it should 

be noted that it is only one of several possible decision-criteria in the allocation of healthcare 

resources, and as such, the reimbursement of medical technologies is not solely determined by 
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whether the technology is below a predetermined cost-effectiveness threshold. Despite being above 

a chosen threshold, an intervention can be reimbursed if other considerations, such as clinical, 

ethical, and political concerns, are in favor (Franken et al. 2012; Neumann et al. 2016). 

 

3.1.2. Analytical Framework of the Economic Evaluation 

As mentioned in the problem statement in section 1.2, the economic evaluation conducted in 

this project is comprised by a dual analytical approach. Firstly, a cost-effectiveness analysis (CEA) 

is performed to examine if simulation-based training applied in the initial part of EBUS operators’ 

learning curve is cost-effective when compared to traditional apprenticeship training. Secondly, as 

the CEA only covers the early phase of the education, a cost analysis is conducted afterwards with a 

time horizon covering the complete education of an independent EBUS operator, and the purpose of 

this analysis is to assess whether the implementation of the simulation-based ERS program can 

reduce the total costs of educating EBUS operators when compared to the traditional apprenticeship 

model. This dual analytical approach can be considered atypical from an economic theoretical 

standpoint as the CEA ideally had applied the same time horizon as the cost analysis and covered 

the complete training of an independent EBUS operator, hereby incorporating the cost analysis as 

an integrated component rather than a separate analysis. In the following, the underlying arguments 

for this deviation from a more traditional analytical approach are shortly presented, before 

continuing to the more specific methodological steps in the design of the evaluation model. 

 In the CEA, the aim is as mentioned to examine if simulation-based training applied in the 

initial part of EBUS operators’ learning curve is cost-effective when compared to traditional 

apprenticeship training. The CEA is based on data from an RCT by Konge et al. (2015), which 

investigates the effect on operator competences of 6 hours of simulation training compared to 6 

hours of apprenticeship training, and the time horizon of the CEA therefore only covers 6 hours of 

training, not the complete education of independent EBUS operators. The time horizon of the CEA 

reflects an analytical interest in the initial part of EBUS operators’ learning curve to assess the costs 

of improved operator competences in this early phase of the education when focusing solely on the 

costs and effects of simulation training rather than of a complete simulation-based training program 

which also consists of supervised clinical training. Ideally, the time horizon of the CEA had covered 

a complete simulation-based program, hereby incorporating the costs and effects of both simulation 

training and supervised clinical training, but because of the only recent development of complete 

simulation-based programs for EBUS, there is a lack of studies investigating differences in effects 
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over the complete educational course between this type of programs and the traditional 

apprenticeship model. Furthermore, if the effect was measured after a complete educational course 

instead of after 6 hours of training in the initial phase of the education, it is likely that differences 

between the two programs would have cancelled out. The reason is that the completion of both 

programs in this evaluation is defined as when the supervising physician assesses the trainee as 

ready to perform EBUS procedures independently, and, for analytical purposes, the trainees of the 

two programs can therefore on average be expected to have approximately the same level of 

competences after ended education. From this perspective, the CEA provides a reasonable means 

for assessing whether simulation training is a cost-effective educational approach in this initial 

phase of EBUS operators’ learning curve when compared to apprenticeship training. 

 As the CEA only covers the early phase of EBUS education, a cost analysis is conducted 

afterwards to assess whether the implementation of the simulation-based ERS program can reduce 

the total costs of educating EBUS operators when compared to the traditional apprenticeship model. 

The cost analysis therefore applies a longer time horizon that covers the complete education of 

independent EBUS operators, hereby widening the scope from the CEA to incorporate both the 

simulation training and the supervised clinical training which together constitute a complete 

simulation-based program. The underlying hypothesis for this analysis is that the implementation of 

simulation training in the initial part of the education in the ERS program can reduce the duration of 

the subsequent supervised clinical training when compared to the traditional apprenticeship model 

and hereby potentially save costs as supervision time with a senior physician is shortened. The 

exclusive focus on costs in the analysis is legitimized by the previously mentioned notion, that the 

effects of the two programs measured as competences gained can, for analytical purposes, 

reasonably be assumed to be approximately equal after a complete educational course. However, 

even though the programs after completion provide nearly the same level of operator competences, 

it can be argued that since the supervised clinical training common to both programs takes place on 

patients, possible differences in competences during the clinical training can potentially negatively 

affect procedure quality and hereby patients’ health in this period. If this is the case, then the effects 

of the two programs cannot be assumed to be equal. However, an important objective with a 

supervising physician is to prevent this by securing the quality and safety of procedures with trainee 

participation. As clear from recent evidence reviewed in section 2., this objective is not always 

realized, and a tendency toward increased complication rates has also been demonstrated for EBUS 

procedures with trainee participation, but this tendency is nevertheless insignificant (Stather et al. 
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2013). Because of this and the lack of empirical data on potential differences in performance during 

the supervised clinical training between the two programs, it is in the cost analysis assumed that the 

presence of a supervising physician secures equal quality of the EBUS procedures provided during 

the clinical training, hereby supporting the assumption of equal effects of the two programs and 

allowing for an exclusive focus on costs in the analysis. The different time horizons of the CEA and 

the cost analysis are illustrated in figure 4 based on the different hypothetical learning curves of the 

two training programs. 
 

 
Figure 4. Graphical illustration of the different time horizons of the cost-effectiveness analysis and the cost analysis 

based on the learning curves of the simulation-based ERS program and the traditional apprenticeship model. The figure 

is based on the one illustrated in the article by Konge et al. (2015). 
 

3.1.3. Study Design of Economic Evaluation 
In the following section, the methodological decisions that have been made in the design of the 

CEA and the cost analysis constituting the economic evaluation are shortly reviewed from a 

theoretical perspective. The purpose is to make clear the underlying rationale for these decisions as 

well as the analytical implications resulting from them. The section is structured according to four 

main items that should systematically be considered in the design of an economic evaluation: 1. 

Perspective of the analysis, 2. Choice of comparator, 3. Type of analysis, and 4. Time horizon 

(Drummond et al. 2015; Neumann et al. 2016). This list of items is not exhaustive, and more items 

could arguably have been mentioned, but the four items described constitute, to the best of our 

opinion, an adequate foundation for understanding and critically assessing the design of the 

evaluation. 
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3.1.3.1. Perspective of the Analysis 

When conducting an economic evaluation, the choice of analytical perspective determines which 

costs and effects should be included in the evaluation and how they should be valuated, and it is 

therefore a methodological decision of great importance (Neumann et al. 2016). According to 

Neumann et al. (2016), the decision on which perspective is appropriate depends on the evaluation’s 

objective, its context, and which decision-makers that are to be informed by it.  

In both the CEA and the cost analysis, a societal perspective is chosen as the primary 

analytical perspective. This means that all parties affected by the training programs for EBUS are 

considered with an inclusion of all significant costs and effects resulting from the two programs, 

irrespective of who is experiencing them. This is in contrast to, for example, an evaluation 

conducted from a healthcare sector perspective where only costs and effects falling upon the 

healthcare sector’s budget are to be included (Neumann et al. 2016). The societal perspective is the 

broadest perspective possible, and it has the significant advantage of capturing, or at least trying to 

capture, the full costs and effects of an intervention, hereby reflecting the broad public interest. 

Despite the advantages of the societal perspective, many analysts choose to apply a narrower 

perspective, such as that of the healthcare sector. Reasons for this include the substantial burden 

that an incorporation of all costs and effects can place on the analyst and the lack of relevance of 

this broad perspective for decision-makers that are merely interested in the costs falling upon their 

own budgets (ibid.). Such a decision-maker could for example be the director of a private hospital 

concerned about whether it is worthwhile for the hospital to invest in a new CT scanner. From the 

director’s standpoint, a societal perspective with inclusion of elements such as informal care and 

productivity costs would be irrelevant compared to an evaluation conducted specifically from the 

hospital’s perspective.  

 In accordance with the aim of this paper, the societal perspective is chosen in both analyses 

to assess if it is worthwhile for the Danish society to invest in the implementation of the simulation-

based ERS program in the education of EBUS operators rather than relying on the traditional 

apprenticeship model and its exclusive use of supervised clinical training. The purpose with this 

choice of perspective is to represent the public interest rather than that of any specific group, as the 

question of whether to implement simulation-based training in EBUS education should be a 

national rather than a regional or local decision. Furthermore, EBUS education is paid for by public 

hospitals and funded with public resources, and the decision therefore ideally concerns the broad 

allocation of public resources in the healthcare sector, not merely the allocation of individual 
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hospitals’ resources, and this should be reflected in the economic evaluation (Neumann et al. 2016). 

Furthermore, the choice of analytical perspective is also made in accordance with the Danish 

decision-making context, and it is therefore aligned with the Danish national guidelines for 

economic evaluations in healthcare which recommend a broad societal perspective, like it is the 

case in other countries such as the Netherlands, Sweden, and US (Kristensen & Sigmund 2008; 

Amgros 2017a; Claxton et al. 2010). However, it should be noted that despite applying a societal 

perspective, the results of the evaluation are likely to be very similar to what had been found with 

the application of a healthcare sector perspective due to the assumption of equal effects in the cost 

analysis and other analytical decisions made in the evaluation. This is described in section 3.1.4. 

 
Analysis Perspective 
Cost-effectiveness analysis Societal perspective 
Cost analysis Societal perspective 

Table 1. Perspective of the cost-effectiveness analysis and the cost analysis. 

 

3.1.3.2. Intervention and Choice of Comparator 

As mentioned in section 3.1.1., an economic evaluation is basically a comparative analysis of two 

or more interventions, incorporating both their costs and effects. Due to the comparative nature of 

the evaluation, the results of it are largely dependent on the choice of comparator, regardless of 

whether it is a cost-effectiveness analysis focusing on both incremental costs and effects or a cost 

analysis focusing solely on incremental costs based on an assumption of equal effects. This makes 

the choice of comparator an important methodological decision (Drummond et al. 2015; Neumann 

et al. 2016). 

 The ideal approach when choosing the comparator(s) is to consider all relevant alternatives, 

since the use of an inappropriate alternative can provide misleading results. This is especially the 

case if the chosen comparator is not cost-effective itself. Relevant alternatives to consider typically 

include the existing practice, a do-nothing approach, and/or other new interventions expected to 

provide health benefits or cost-savings (Drummond et al. 2015). However, when conducting 

economic evaluation in practice, resources are limited, and it may not be possible to assess all the 

alternative interventions of potential relevance. If only one comparator can be chosen, this should, 

according to Drummond et al. (2015), be the alternative that best represents existing practice. The 

existing practice in the education of EBUS operators in Denmark, and in many other countries, is 

the traditional apprenticeship model, in which future operators practice on patients under the 

surveillance of a supervising physician (Naur et al. 2017a). By constituting existing practice, this 
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training model represents the current effectiveness and costs of EBUS education in the Danish 

healthcare sector. Using the traditional apprenticeship model as comparator hereby allows the 

evaluation to reflect potential benefits of moving away from status quo in the education of EBUS 

operators and implement a simulation-based training program. Therefore, the traditional 

apprenticeship model is chosen as comparator for both analyses in the evaluation, with the 

comparator in the CEA being 6 hours of apprenticeship training and the comparator in the cost 

analysis being the complete education of an independent EBUS operator with the traditional 

apprenticeship model. Another argument for this choice of comparator is the lack of alternatives in 

the education of EBUS operators. As already stated in section 2.8., the traditional apprenticeship 

model as an educational approach contains significant variability due to variation in the type and 

frequency of procedures performed in the clinic, but despite this variability, it is difficult to identify 

other alternative training programs besides the recently introduced simulation-based ERS program 

being evaluated in this study (Stather et al. 2011; Stather et al. 2013; Vilmann et al. 2015). One 

possible alternative is a do-nothing approach in which future EBUS operators conduct procedures 

independently in the clinic with no prior training, neither simulation training nor supervised clinical 

training. However, according to clinical consultants this approach is seldom applied in a highly 

developed healthcare system like the Danish as it places the full procedural learning burden on the 

patients, and it is therefore not a relevant alternative to include in the evaluation (Stather et al. 

2011). 

 To provide a precise description of the traditional apprenticeship model as the comparator in 

this evaluation, it is also necessary with a clear understanding of the intervention being evaluated 

which, as already stated, is the simulation-based ERS program. In principle, the intervention and the 

comparator being assessed in the evaluation are common to the CEA and the cost analysis, but 

some differences exist in their definition and boundaries in the two analyses. In the CEA, the 

intervention is defined as 6 hours of simulation training on a GI Bronch Mentor EBUS Simulator, 

while the comparator consists of 6 hours of apprenticeship training, that is, 6 hours of clinical 

training on patients supervised by an experienced EBUS operator. Thus, in the CEA the duration of 

both the intervention and the comparator is 6 hours of training, and the analysis is therefore limited 

to the initial part of the learning curve. In the cost analysis, focus is on the complete education of an 

independent EBUS operator, and the duration of both the intervention and the comparator is 

therefore from the trainee’s initiation of EBUS education and until the trainee is assessed as ready 

to conduct EBUS procedures independently by the supervising physician. The intervention in the 
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cost analysis is as mentioned the simulation-based the ERS program described in section 2.8., 

which consists of firstly, a theoretical course, secondly, simulation-based training, and finally, 

supervised clinical training until the trainee is assessed as ready for independent practice. The 

traditional apprenticeship model constitutes the comparator and it consists of a theoretical course 

followed by supervised clinical training until the trainee is assessed as ready for independent 

practice. As argued in section 1.3., the theoretical component is common to the two programs and it 

is therefore excluded from the evaluation. The rationale for this decision is described further in 

section 3.1.4. The main difference between the simulation-based ERS program and the traditional 

apprenticeship model is the inclusion of simulation training prior to the supervised clinical training 

in the former and the impact of this on the duration of the subsequent supervised clinical training. 

This relates to the time horizon of the CEA and the cost analysis, which has already been shortly 

touched upon in this section, and it is described more in-depth in section 3.1.3.4. 

 
Analysis Intervention Comparator 
Cost-effectiveness analysis Simulation training (6 hours) Apprenticeship training (6 hours) 
Cost analysis Simulation-based ERS program 

(complete education of an independent 
EBUS operator) 

Traditional apprenticeship model 
(complete education of an independent 
EBUS operator) 

Table 2. Intervention and comparator in the cost-effectiveness analysis and the cost analysis. 

 

3.1.3.3. Type of Analysis 

Before undertaking an economic evaluation, it should be determined which type of analysis or 

analyses is most appropriate to apply in answering the problem statement. This decision depends on 

the objective and scope of the evaluation, the intervention being evaluated, and the terms and 

conditions for the evaluation, including data, time, and other resources available (Neumann et al. 

2016).  

According to Drummond et al. (2015), four different types of analysis can in general be 

applied in an economic evaluation: 1. Cost-minimization analysis, 2. Cost-effectiveness analysis, 3. 

Cost-utility analysis, and 4. Cost-benefit analysis. In all of these analyses, costs are in monetary 

terms but the applied effect measure differs between them. In a cost-minimization analysis, the 

effectiveness of the intervention and the comparator is assumed to be equal, and it is therefore 

sufficient to measure the costs of them. This type of analysis is therefore solely focused on potential 

cost-savings from the intervention. In practice, the effectiveness of alternative interventions is rarely 

exactly equal, but in some cases, it can for analytical purposes be assumed as a reasonable 
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approximation. This can for example be when evaluating a generic pharmaceutical, using the 

branded version as comparator (Neumann et al. 2016). In a cost-effectiveness analysis, the effect is 

in natural units such as life-years, blood-pressure, or, as in the CEA in this project, a test-score for 

EBUS performance. A significant limitation with this approach is that, due to the use of natural 

units, the health benefits gained from investing in an intervention are difficult to compare to those 

lost from not investing in interventions in other areas covered by the same budget. Thus, it is 

difficult to assess the opportunity costs of the intervention being evaluated (Drummond et al. 2015). 

This limitation is addressed by using a generic effect measure as it is done with QALYs in a cost-

utility analysis, hereby allowing for a comparison of benefits gained from interventions across 

different medical areas. As a consequence, cost-utility analysis is often recommended at the 

expense of cost-effectiveness analysis in economic evaluation in healthcare (ibid.). The final type of 

analysis is cost-benefit analysis in which both costs and effects are in monetary terms. Effects are 

rarely in monetary terms in healthcare, and it is therefore typically needed to convert them to 

conduct a cost-benefit analysis. A cost-benefit analysis has the significant advantage that it, in 

principle, allows for comparisons of different interventions across healthcare and other sectors, such 

as social care and education. Despite this, the approach is not used as often in healthcare as in other 

sectors because of a widespread and often inherent reluctance to the explicit monetary valuation of 

health outcomes such as survival and freedom from morbidity. However, it should be noted that a 

monetary valuation is not entirely avoided in cost-effectiveness and cost-utility analysis as these 

approaches require the definition of a threshold to determine whether an intervention is considered 

cost-effective (Neumann et al. 2016). 

As described previously in section 3.1.2., this economic evaluation is comprised by two 

methodologically distinct analyses. Firstly, a cost-effectiveness analysis (CEA) is performed to 

examine if simulation-based training applied in the initial part of EBUS operators’ learning curve is 

cost-effective when compared to traditional apprenticeship training. Secondly, as the CEA only 

covers the early phase the education, a cost analysis is conducted afterwards with a time horizon 

covering the complete education of an independent EBUS operator, and the purpose of this analysis 

is to assess whether the implementation of the simulation-based ERS program can reduce the total 

costs of educating EBUS operators when compared to the traditional apprenticeship model. As 

described in section 3.1.2., the cost analysis is based on an assumption of equal effects, with the 

level of operator competences at the end of the education being expected to be approximately 

similar for the two programs. The focus of the cost analysis is therefore exclusively on potential 
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cost-savings of implementing the simulation-based ERS program, and drawing upon the above 

described terminology, the analysis can therefore easily be mistaken for a cost-minimization 

analysis. However, a cost-minimization analysis is characterized by specific methodological 

requirements for the evidence supporting the assumption of equal effects, and “unless a study has 

been specifically designed to show the equivalence” of interventions in terms of effects, the use of 

the term cost-minimization analysis is inappropriate (Briggs & O’Brien 2001). In the case of the 

simulation-based ERS program and the traditional apprenticeship model, the assumption of equal 

effects is not supported by such evidence, and the analysis comparing the costs of the two programs 

is therefore termed a cost analysis rather than a cost-minimization analysis. Instead of the chosen 

dual analytical approach consisting of both a CEA and a cost analysis, the preferable approach had 

been to conduct a cost-utility analysis of the simulation-based ERS program, covering the complete 

education of independent EBUS operators or, ideally, the full lifetime of patients that have been 

examined with EBUS. This would have allowed a critical examination of the assumption of equal 

effects of the simulation-based ERS program and the traditional apprenticeship model, while at the 

same time facilitating the use of QALY as effect measure to directly capture and express the two 

programs’ impact on patients’ health. Furthermore, it would have made it possible to compare 

benefits gained from the programs with those from interventions in other areas, hereby making clear 

the possible opportunity costs for decision-makers. However, as already argued in section 3.1.2., 

this approach is not possible inside the scope of this project due to limitations in time and data 

available. Furthermore, EBUS is a diagnostic procedure and the primary effect of improving the 

competences of EBUS operators through training programs can therefore be considered a possibly 

increase in the diagnostic yield of the procedure. The diagnostic yield only constitutes one of 

several intermediary outcomes in the creation of health, which is the ultimate goal in economic 

evaluation in healthcare, and it may therefore demand large datasets to be able to observe 

significant differences in effects between different training programs when using an effect measure 

such as QALY. Bearing in mind the lack of data on program-effects over the complete educational 

course, it can therefore be considered a reasonable approach to examine the cost-effectiveness of 

simulation-based training in the initial part of EBUS operators learning curve with a focus on 

operator competences, and, subsequent to this, conduct a cost analysis to identify possibly cost-

savings over the complete educational course from implementing the simulation-based ERS 

program. 

 



  

Page 39 of 120 
 

Analysis Analytical focus 
Cost-effectiveness analysis Cost-effectiveness of simulation-based training in the 

initial part of EBUS operators’ learning curve when 
compared to apprenticeship training. 

Cost analysis Incremental costs of the simulation-based ERS program in 
the complete education of independent EBUS operators 
when compared to the traditional apprenticeship model. 

Table 3. Analytical focus of the cost-effectiveness analysis and the cost analysis. 

 

3.1.3.4. Time Horizon 

In an economic evaluation, all significant differences in costs and effects between the alternative 

interventions being compared should be taken into account, and the time horizon of the evaluation 

should therefore be long enough to capture these. Consequently, the relevant time horizon for many 

evaluations is the patient’s lifetime (Drummond et al. 2015; Neumann et al. 2016). However, the 

choice of time horizon is dependent on the cost and effect data available, and few clinical trials on 

the effectiveness of interventions apply a horizon of this length due to, among others, the high costs 

of such an approach. Economic evaluations therefore often require extrapolation of data beyond the 

horizon applied in these trials, but a well-conducted extrapolation also demands additional data and 

assumptions, and this approach may therefore not always be feasible either (ibid.). Consequently, 

the choice of time horizon always constitutes a trade-off between what is optimal from an analytical 

standpoint and what is feasible in practice with the given limitations in data, time, and other 

resources, and, in practice, the time horizon chosen in economic evaluation is therefore often 

limited to the length of the clinical trial that the evaluation is drawing upon for effect data 

(Drummond et al. 2015; Neumann et al. 2016). 

 As mentioned in section 3.1.3.2., two different time horizons are applied in the CEA and the 

cost analyses in this economic evaluation to reflect the different analytical objectives of these. In the 

CEA, the time horizon is 6 hours of training in the initial part of the learning curve to assess the 

cost-effectiveness of simulation training in this initial phase of the education when compared to 

apprenticeship training. In the cost analysis, the time horizon is expanded to the complete education 

of an independent EBUS operator to examine if the use of simulation training can reduce the 

duration of the subsequent supervised clinical training, hereby reducing the total educational costs 

of the simulation-based ERS program when compared to the traditional apprenticeship model. Thus, 

the same starting point is applied in both analyses with the initiation of the EBUS education, but the 

duration differs between them, being 6 completed training hours in the CEA and the complete 

education of an independent EBUS operator in the cost analysis. As mentioned previously, the 
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EBUS education is in this project defined as completed when the trainee is assessed as ready to 

conduct EBUS procedures independently by the supervising physician.  

Besides reflecting the different objectives of the analyses, the different time horizons chosen 

also reflect limitations in the data available. This is especially the case for the time horizon of 6 

hours in the CEA which to some extent can be considered an arbitrary number, as it is shorter than 

the actual duration of the simulation training course in the ERS program of 12 dedicated simulation 

training hours. However, the CEA is as previously mentioned based on an RCT by Konge et al. 

(2015), which investigates the effect on operator competences of 6 hours of simulation training 

compared to 6 hours of apprenticeship training, and effect data are therefore not available for a 

longer time horizon than 6 hours of training. Ideally, the CEA had applied a time horizon equal to 

the duration of the full simulation training course in the ERS program to capture differences in 

trainee competences between the simulation-based ERS program and the traditional apprenticeship 

model at the time when trainees in the ERS program finish the simulation training and are going to 

continue with supervised clinical training as in the apprenticeship model. Hereby, the analysis 

would have demonstrated the incremental costs and effects of the full simulation training course in 

the ERS program when compared to an equal number of hours of apprenticeship training. This is 

potentially relevant to patient safety as the use of simulation training provides a controlled 

educational setting without severe consequences of failures, and the procedural learning burden put 

upon patients under apprenticeship training can hereby be reduced by replacing apprenticeship 

training in the initial part of the learning curve with simulation training. 

It can also be argued that the cost analysis, instead of only covering the education of 

independent EBUS operators, should have applied a time horizon covering the full lifetime of 

patients that have been examined with EBUS. As described in section 3.1.3.3., this should ideally 

have been done with a cost-utility analysis instead of a cost analysis to focus on both costs and 

effects of the two programs rather than exclusively on costs, and it would, together with the use of 

an effect measure such as QALY, have allowed the analysis to capture possible differences in health 

effects between the two training programs resulting from differences in operator competences and 

diagnostic yield. Furthermore, as this approach had incorporated both the full costs and effects of 

the two programs, it would have made the use of two distinct analyses with both a CEA and a cost 

analysis redundant. However, data that covers a time horizon of this length, or alternatively allows 

for an equivalent extrapolation of existing data, is not available, and it is outside the scope of this 

project to provide them. Besides being supported by these limitations in the data available, the 
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applied time horizon is also, as argued in section 3.1.3.3., legitimized by the fact that EBUS is a 

diagnostic procedure and the diagnostic yield of EBUS only constitutes one of several intermediary 

outcomes in the creation of health. Furthermore, simulation-based training is an educational 

intervention rather than a direct healthcare intervention, and its impact on the diagnostic yield of 

EBUS is therefore indirect as it happens through the training’s effect on operator competences. 

Thus, simulation-based training is in many ways a distant intermediary in the creation of health, 

and, from an analytical perspective, a more direct impact of simulation-based training is, rather than 

improved health of patients, likely to be a potential reduction in the duration of the supervised 

clinical training needed to become an independent EBUS operator and the possible cost-savings 

resulting from this. This impact is captured by a time horizon covering the complete education of 

independent EBUS operators, and, as such, the above arguments support the relevance of the 

chosen time horizon and the inherent analytical focus on potential educational cost-savings in the 

cost analysis. 

 
Analysis Time horizon 
Cost-effectiveness analysis 6 hours of training 
Cost analysis Complete education of an independent EBUS operator 

Table 4. Time horizon of the cost-effectiveness analysis and the cost analysis. 

 

3.1.4. Model Inputs 

When conducting an economic evaluation, data on costs and effects are needed to estimate model 

parameters. According to Neumann et al. (2016), two overall approaches to the collection and 

inclusion of data can be distinguished: A trial-based approach and a model-based approach. In a 

trial-based approach, data on costs and effects are generated for the interventions compared in a 

single clinical trial, and they are collected during and sometimes after the trial. In a model-based 

approach, data on costs and effects are in contrast obtained from multiple different sources, 

including randomized controlled trials, administrative databases, meta-analyses, and experts, and 

the evidence is then integrated into the evaluation, drawing upon decision models to incorporate the 

uncertainty relating to the evidence used (Neumann et al. 2016). In practice, a single trial can rarely 

provide all the evidence needed to estimate the full costs and effects of the interventions compared 

in an economic evaluation, and therefore a model-based approach or a combination of the two 

approaches is often applied (Drummond et al. 2015).  

 This is also the case in this evaluation where a combination of the two approaches is applied 

to provide estimates of the different model parameters, using both primary data and secondary data 
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from multiple sources as described in section 3.2. and especially in the CEA drawing heavily upon a 

single clinical trial, the RCT by Konge et al. (2015). Even though all costs and effects should 

ideally be included in the evaluation, some items and estimates are unlikely to have a noticeable 

effect on the results of the evaluation, and these have, if too time and resource demanding to obtain, 

been excluded from the analysis based on ongoing analytical considerations through the research 

process. Similarly, costs and effects that are identical or approximately identical for the intervention 

and the comparator are excluded from the evaluation, as these are not affecting the results of the 

evaluation which are incremental, focusing on differences in costs and effects between the 

simulation-based ERS program and the traditional apprenticeship model (ibid.). An example of 

costs excluded from the evaluation on this basis is, as already mentioned in section 1.1.4. and 1.3., 

the introductory theoretical course common to both the simulation-based ERS program and the 

traditional apprenticeship model. More generally, this type of exclusions also relates to productivity 

costs and informal care costs as these are assumed to be identical for the two programs based on the 

assumption of equal effects on operator competences of the two programs. This is described further 

in the following section 3.1.4.1. These decisions and methodological compromises are made to 

balance the development of a methodologically rigorously and high-quality evaluation with the 

need to provide timely and useful information for decision-makers based on the available resources 

(Neumann et al. 2016). The underlying rationale for the decisions have been to meet the ultimate 

objective of the evaluation and, based on the available resources, inform decision-makers on 

whether the simulation-based ERS program is preferable to the traditional apprenticeship model in 

the education of EBUS operators (ibid.). 

 

3.1.4.1. Cost Inputs 

A main objective of an economic evaluation is to assess the resource consumption of the alternative 

interventions being compared, and to do so, all relevant resource items need to be identified, 

measured, and valued. The perspective of the evaluation, described in section 3.1.3.1., determines 

which resource items are relevant to include, and since a societal perspective is chosen in both the 

CEA and the cost analysis, all significant costs resulting from the two training programs are 

included, irrespective of who is experiencing them (Neumann et al. 2016). To achieve a high level 

of precision in the assessment of resources consumed by the two programs, a micro-costing 

approach is applied with each specific component of resource use being identified, measured, and 

valued (Drummond et al. 2015). This approach provides more exact cost estimates than gross-
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costing approaches, in which a more aggregated categorization of resources is applied, but it is also 

more resource demanding, and if the time horizon of the evaluation had been longer than the one 

applied in the cost analysis of this evaluation (i.e. the education of an independent EBUS operator), 

it had probably been a more feasible solution to use a combined approach with gross-cost estimates 

being generated for the future costs of the two programs (Drummond et al. 2015; Neumann et al. 

2016). 

 According to Drummond et al. (2015), four main categories of costs can be distinguished 

when conducting an economic evaluation in healthcare: 1. Healthcare sector costs, 2. Costs in other 

sectors, 3. Patient and family costs, and 4. Productivity costs. With a societal perspective, all of 

these cost categories are in principle relevant to include in the evaluation, but due to the short time 

horizon applied in especially the CEA and the assumption of equal effects in the cost analysis, focus 

of the evaluation is in practice primarily on healthcare sector costs. As described in section 3.1.2., it 

is in the cost analysis assumed that the simulation-based ERS program and the traditional 

apprenticeship model have equal effects on operator competences and similarly, it is assumed that 

the quality of the EBUS procedures performed during the supervised clinical training in the two 

programs is equal due to the presence of a supervising physician. Consequently, a derived 

assumption is that the EBUS procedures performed under the supervised clinical training of the two 

programs on average can be expected to have the same diagnostic yield, hereby affecting the course 

of disease identically for patients being examined with EBUS irrespective of whether they are 

examined by a trainee from the simulation-based ERS program or from the traditional 

apprenticeship model. As a result, many of the costs that are not directly related to the organization 

and operation of the two training programs can be expected to be approximately identical between 

them, and they can therefore be excluded from the evaluation. This is for example the case for 

several patient and family costs such as patient expenses for medicine and costs for informal care, 

and it also applies to productivity costs, irrespective of whether they arise from presenteeism, 

absenteeism, permanent disability, or premature death. The majority of costs included in the 

evaluation are therefore healthcare sector costs directly related to the organization and operation of 

the two training programs.  

 Healthcare sector costs are relatively straightforward to identify, measure, and value for the 

simulation training course in the simulation-based ERS program, but complications arise in relation 

to the supervised clinical training, which is an essential component in both the simulation-based 

ERS program and the traditional apprenticeship model. The supervised clinical training is organized 
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as an integrated component of the EBUS procedures conducted in the clinic. When an EBUS 

procedure is conducted in the clinic, it is, as described in section 2.4., as part of a lung diagnostic 

package together with other diagnostic procedures such as bronchoscopy and EUS-FNA, and it is 

therefore difficult to separate the costs of EBUS from those of the other procedures. This costing 

challenge is enhanced by the fact that the procedural content of a lung diagnostic package varies 

dependent on, among others, the individual patient and the guidelines at the hospital at which the 

procedure is performed. Furthermore, in contrast to the simulation training, which is organized with 

the sole purpose of educating new EBUS operators, an EBUS procedure, and hereby potentially 

supervised clinical training, is conducted in the clinic regardless of whether new EBUS operators 

have to be educated, as the procedure is part of the daily operation at the hospitals. As such, EBUS 

procedures performed in the clinic with trainee participation, are, besides contributing to the 

education of new EBUS operators, also part of the hospitals’ production output, constituting a 

healthcare service that aims at improving the health of the examined patients. To account for this 

production as well as the methodological difficulties in distinguishing costs of EBUS from those of 

other procedures in the lung diagnostic package, focus in the assessment of costs of the supervised 

clinical training is on additional costs caused by the participation of a trainee rather than on the full 

costs of performing an EBUS procedure. This means that resource items such as medical equipment 

and physical facilities are excluded from the analysis since the use of them is unaffected by the 

participation of a trainee, and the costs would therefore also have been experienced if the procedure 

had been conducted without trainee participation, that is, if no supervised clinical training had taken 

place. With a costing approach focusing on the additional costs of the EBUS procedure related to 

trainee participation under supervised clinical training, the major cost drivers for the supervised 

clinical training are therefore expected to be the participation of a senior physician to supervise the 

procedure and the additional labor time used of all the involved personnel due to a possible longer 

procedure time caused by trainee participation. 

 

3.1.4.2. Effect Inputs 

Effect inputs do not play a significant role in this project as the primary analysis in the analytical 

framework is the cost analysis estimating the incremental cost of the simulation-based ERS 

program when compared to the traditional apprenticeship model, and this analysis is, as described in 

section 3.1.2., based on the assumption of equal effects of the two programs with the level of 

operator competences being expected to be approximately equal at the end of the education. 
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However, as described in section 3.1.2., a CEA based on the RCT by Konge et al. (2015) is 

conducted prior to the cost analysis to estimate the relative costs and effects of the two interventions 

in the initial part of EBUS operators’ learning curve.  

In economic evaluation, the effects of interventions are measured as health gains by 

estimating the relative clinical effects of the alternative interventions (Drummond et al. 2015). The 

preferred measures of effect are typically considered to be generic measures of health such as 

QALYs because these measures relate directly to the patient’s health status and allow for a 

comparison of health gains between different interventions and medical areas (ibid.). However, due 

to the lack of data in the field of EBUS education, we have no data based on a generic measure of 

health available, and we have therefore had to use a clinical outcome from the relevant RCT as 

effect measure in the CEA (Konge et al. 2015). The RCT investigates the diagnostic competences 

of trainees measured as a test score after having completed 6 hours of simulation training or 6 hours 

apprenticeship training in the initial part of their EBUS learning curve (ibid.). As the ultimate goal 

with an economic evaluation is to improve health, the outcome in our CEA only constitutes an 

intermediary outcome, because it does not relate directly to the patients’ health status but rather to 

the competences of the trainee. Even though the test score is an intermediary outcome rather than a 

direct health effect, the test score constitutes a measure of the operators’ competences and it is 

hereby directly related to the quality of the EBUS procedure performed. It is therefore reasonable to 

assume that the test score contributes substantially to the prediction of the health of patients, as it 

can improve patient health in one of the two following ways. Firstly, improved operator 

competences improve the diagnostic yield of the EBUS procedure, and a high diagnostic yield is 

essential to early diagnosis and optimal treatment-planning and hereby to patients’ survival from 

lung cancer. Secondly, improved operator competences might also result in increased patient-

confidence in the operator and reduced patient discomfort under the EBUS procedure and hereby 

positively affect patients’ satisfaction. 

Although we are aware that the test score is not a direct measure of health gains but rather 

an intermediary outcome, the test score of EBUS operators is assumed to be strongly related to the 

health of patients, and we will refer to test score as our effect measure in the remaining part of the 

assignment.  
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3.1.5. Discounting 

Usually in economic evaluations, future costs and effects are discounted so that the incremental 

cost-effectiveness ratios are presented in present value terms enabling decision-makers to compare 

each ratio from the same temporal baseline (Neumann et al. 2016). However, since both our 

analyses have time horizons shorter than one year, being only 6 hours of training in the CEA and 

the length of the complete education of an independent EBUS operator in the cost analysis, no 

rationale exists for discounting future costs and effects in this evaluation. 

 

3.1.6. Sensitivity Analysis 
When conducting an economic evaluation, the assessment of costs and effects of the interventions 

being analyzed is associated with decision uncertainty arising from, among other, parameter 

uncertainty and structural uncertainty. The former describes uncertainty in the estimation of model 

parameters, while the latter, also called model uncertainty, reflects uncertainty relating to the 

judgements and assumptions made in the construction of the analytical model (Drummond et al. 

2015). Sensitivity analyses are performed to characterize and quantify this uncertainty and assess its 

implications for decision making in the allocation of healthcare resources (Neumann et al. 2016). 

Thus, an important objective of sensitivity analysis is to find out how sensitive the results of an 

economic evaluation are to changes in the different model parameters and model assumptions and, 

based on this, consider whether an intervention is still economically preferable over the comparator 

when taking this uncertainty into account (Drummond et al. 2015). 

         In this evaluation, the robustness of the results to changes in model parameters is tested by 

applying one-way sensitivity analysis, scenario sensitivity analysis, and threshold analysis, all three 

deterministic analytical approaches characterized by a manual variation of model parameters from 

their base-case value. One-way sensitivity analysis is used on key model parameters to provide a 

quantitative understanding of how changes in individual parameters can influence the results of the 

analysis. The purpose of applying threshold analysis is to identify critical values of key model 

parameters for which the results of the evaluation change in a way that is likely to affect the 

recommendation on which training program to adopt in the education of EBUS operators. Finally, 

scenario sensitivity analysis is applied to consider the joint impact on results of the model 

parameters when taking account for extreme but plausible worst and best-case scenarios 

(Drummond et al. 2015; Neumann et al. 2016). The different sensitivity analyses are primarily 

conducted to test the robustness of the results of the cost analysis covering the complete education 
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of independent EBUS operators as these results are the main focus of the evaluation due to its 

overall aim of examining whether the simulation-based ERS program is economically preferable to 

the traditional apprenticeship model assessed over the complete educational course. The preferred 

analytical approach had been to conduct probabilistic sensitivity analyses in addition to the 

mentioned deterministic sensitivity analyses, as this would have allowed for an explicit 

incorporation of the probabilities of model parameters taking on specific values, hereby providing a 

means for quantifying the decision uncertainty. Thus, the inclusion of probabilistic sensitivity 

analyses had provided a stronger analytical support for decision-makers when choosing whether to 

adopt simulation-based training in EBUS education (Neumann et al. 2016). However, the 

application of probabilistic sensitivity analysis involves the definition of a probability distribution 

for the individual uncertain parameters in the model, and this is not feasible within the scope of this 

project due to limitations in the data available (ibid.).  

 No structural sensitivity analysis is conducted in this evaluation due to limitations in the 

data available but to account for structural uncertainty in the assessment of the robustness and 

reliability of the results, a short discussion is provided in section 5. on the possible impact of the 

different structural key assumptions made in the construction of the analytical model (ibid.). The 

methodological rationale for this discussion is described in section 3.1.6.4. 

 

3.1.6.1. One-Way Sensitivity Analysis 

One-way sensitivity analyses are conducted on key model parameters, which are selected based on 

an assessment of their associated uncertainty and ability to drive costs. In these analyses, the impact 

of the individual parameters is tested by applying a plausible low and high value for each parameter 

while keeping the other parameters constant at their base-value (Neumann et al. 2016). Plausible 

low and high values for the different parameters are determined in collaboration with clinical 

consultants. Parameters included in the analysis are shown in table 5 below together with their 

applied low value, base-value, and high value. 
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Model parameter Low value Base-value High value 

Number of supervised clinical procedures required to become an 
independent EBUS operator with the simulation-based ERS program 

7 13 19 

Number of supervised clinical procedures required to become an 
independent EBUS operator with the traditional apprenticeship model 

35 50 65 

Procedure time with trainee participation (minutes) 51.62 58.32 65.02 

Additional procedure time with trainee participation (minutes) 19.07 20.63 22.19 

Salary supervising physician (DKK per month) 72,211 89,509 106,350 

Table 5. Summarizes low, base, and high values of the model parameters applied in the one-way sensitivity analyses.  
 

3.1.6.2. Threshold Analysis 

To identify critical values of key model parameters, one-way threshold analyses are conducted. As 

mentioned, the purpose is to identify values of the selected parameters for which the results of the 

evaluation change to an extent that is likely to affect the recommendation on which training 

program to adopt in the education of EBUS operators. In other words, the values of selected 

parameters are varied until the incremental costs of the simulation-based ERS program crosses zero 

when compared to the traditional apprenticeship model (Neumann et al. 2016). As for the one-way 

sensitivity analyses described above, model parameters included in the threshold analyses are 

selected in collaboration with clinical consultants based on an assessment of their associated 

uncertainty and ability to drive costs. The parameters included are the number of supervised clinical 

procedures required to become an independent EBUS operator with the simulation-based ERS 

program and the traditional apprenticeship model, respectively. 

 

3.1.6.3. Scenario Sensitivity Analysis 

A limitation with one-way sensitivity analysis is that, even though the approach provides an 

intuitive understanding of the quantitative impact on results of individual model parameters, model 

parameters are unlikely to change individually (one at a time) in practice (Drummond et al. 2015). 

To take the joint uncertainty of the estimated model parameters into account, scenario sensitivity 

analysis, which constitutes a variant of multi-way sensitivity analysis, is conducted. The scenario 

sensitivity analysis is like one-way sensitivity analysis a deterministic analysis, with the difference 

being that multiple parameters are varied simultaneously to establish extreme but plausible worst 

and best-case scenarios and then consider the impact of these scenarios on the results of the 

evaluation (Drummond et al. 2015; Neumann et al. 2016). The worst and best-case scenarios are 

established based on the parameters and the low and high parameter values applied in the one-way 
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sensitivity analyses. Only the low and high values for the number of supervised clinical procedures 

required to become an independent EBUS operator with the traditional apprenticeship model are 

moderated to be less extreme in the scenario analysis, hereby accounting for the fact, that it is very 

unlikely that all parameters take om the most extreme values at the same time. The parameter 

values of the worst and best-case scenario are presented in table 6 and 7 below for the CEA and the 

cost analysis, respectively. 

  

Model parameter (cost-effectiveness analysis) Worst-case value Best-case value 

Procedure time with trainee participation (minutes) (base-value = 
58.32) 

51.62 65.02 

Additional procedure time with trainee participation (minutes) (base-
value = 20.63) 

19.07 22.19 

Salary supervising physician (DKK per month) (base-value = 89,509) 72,211 106,350 

Table 6. Parameter values applied in the worst and best-case scenario of the cost-effectiveness analysis. 
 
 

Model parameter (cost analysis) Worst-case value Best-case value 

Number of supervised clinical procedures required to become an 
independent EBUS operator with the simulation-based ERS program 
(base-value = 13) 

19 7 

Number of supervised clinical procedures required to become an 
independent EBUS operator with the traditional apprenticeship model 
(base-value = 50) 

40 60 

Procedure time with trainee participation (minutes) (base-value = 
58.32) 

51.62 65.02 

Additional procedure time with trainee participation (minutes) (base-
value = 20.63) 

19.07 22.19 

Salary supervising physician (DKK per month) (base-value = 89,509) 72,211 106,350 

Table 7. Parameter values applied in the worst and best-case scenario of the cost analysis. 
  

3.1.6.4. Structural Sensitivity Analysis 

The results of an economic evaluation are, besides being conditional on the evidence used to 

estimate model parameters, also determined by the structural judgements and assumptions made in 

the construction of the analytical model. To take this uncertainty into account, structural sensitivity 

analysis can be conducted by changing selected structural properties of the evaluation and assessing 

the impact on the results (Drummond et al. 2015; Neumann et al. 2016). The structural sensitivity 

analysis is a way of recognizing that different choices have been made in the design of the 

evaluation, and these choices are likely to have affected the results of the evaluation. Thus, by 
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creating transparency in the impact of analytical choices through a structural sensitivity analysis, 

decision-makers are allowed to make an informed decision between the different possible structures 

of the evaluation (ibid.). Which structural assumptions that are relevant to change in the sensitivity 

analysis is dependent on the individual evaluation. Key assumptions in this project are likely to 

relate to the exclusion of the theoretical component in the two programs described in section 1.3., 

the choice of a short time horizon, and the assumption of equal effects on operator competences of 

the simulation-based ERS program and the traditional apprenticeship model, which were described 

in section 3.1.2. The data available do not allow for a valid structural sensitivity analysis of the 

impact of these assumptions, but it is nevertheless likely that significant uncertainty is related to 

them, and their possible impact on the results of the evaluation is therefore discussed in section 5.3. 

 

3.1.7. Applying a Decision-Rule 

The purpose of economic evaluation is to inform and guide healthcare decisions about which 

alternative course of action to choose based on the incremental costs and health effects of 

interventions (Drummond et al. 2015). Thus, to adequately inform decisions, it is essential to 

estimate the costs and effects of the relevant interventions available followed by a comparison of 

the incremental costs and effects to justify which intervention should be chosen rather than another 

(Drummond et al. 2015). To get an overview of the incremental costs and effects of an intervention, 

the results of a costs-effectiveness analysis are typically summarized in an incremental cost-

effectiveness ratio (ICER) (Neumann et al. 2016). An ICER is calculated as the difference in costs 

between the two alternatives divided by the difference in health effects, and it shows the costs of 

achieving one additional unit of the effect being measured (ibid.). To decide whether or not an 

intervention should be recommended, decision makers can establish a cost-effectiveness threshold 

which constitutes a decision-rule that determines if an intervention should be selected depending on 

whether the ICER is above or below this threshold (Neumann et al. 2016). However, an appropriate 

threshold is uncertain and should in principle depend on the available budget and costs and benefits 

of alternative uses for that budget, so that the threshold represents what is expected to be given up 

in order to be able to afford the implementation of alternatives that impose additional costs. Thus, 

the threshold can be considered a measure of opportunity costs (Neumann et al. 2016; Drummond et 

al. 2015). Implicit in the establishment and use of a cost-effectiveness threshold is the assumption 

that health gains from different interventions are comparable, and to achieve this comparability, a 

generic measure of health such as QALY is needed to allow for a common measurement of health 
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gains independent of the disease and intervention being evaluated. This comparability does not exist 

when health gains are measured in natural units as the relevant natural unit varies across diseases 

and interventions.  

In our CEA, no generic measure of health exists and a predetermined cost-effectiveness 

threshold can therefore not be applied. In general, this makes it more difficult to make meaningful 

statements about the cost-effectiveness of interventions and thus the decision of whether or not to 

recommend an intervention is solely up to the decision makers based on the relative costs of buying 

one more unit of health, which in our specific analysis is how much they are willing to pay for one 

additional test score in the EBUSAT assessment of operator skills. When decision makers get an 

ICER without any recognized cost-effectiveness threshold, they will in practice also take into 

account whether other derived benefits of the intervention are worth paying for. This could for 

example be saved time of senior physicians as discussed in section 5.2.3. Other potential derived 

benefits of simulation training are discussed further in section 5.1.1.1. As the ICER of the CEA in 

this project is based on the effect of the two programs being measured as a test score that is difficult 

to interpret for decision-makers, a main argument in the decision on whether to adopt the 

simulation-based ERS program is likely to be potential costs-savings of the program, and these are 

examined in the cost analysis with the results being presented in section 4.2. (Neumann et al. 2016). 

 

3.1.8. Budget Impact Analysis 

Budget impact analysis (BIA) is a method for estimating the expected financial consequences of 

adopting a new intervention, and it hereby provides a way for linking an intervention’s average 

costs per patient, or as in this project per educated EBUS operator, to the overall costs of adopting 

the intervention in the target population (Sullivan et al. 2014). Thus, based on the results of the cost 

analysis in this evaluation, a BIA is performed to estimate the overall financial consequences to the 

Danish society of adopting the simulation-based ERS program instead of the traditional 

apprenticeship model in the education of EBUS operators on a national level. However, EBUS is 

only one of several technical demanding procedures that can potentially benefit from applying 

simulation-based training in the education of new personnel, and even though the focus of this 

economic evaluation for practical reasons is limited to simulation-based training in the education of 

EBUS operators, the evaluation represents a more general interest in the potential benefits of 

adopting simulation-based training in the education of healthcare professionals across different 

medical procedures and specialties. To address the benefits of simulation-based training in a 
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broader setting than that of EBUS education, the findings from the cost analysis are generalized to 

the education of specialists in pulmonary medicine to consider the hypothetical budget impact of 

simulation-based training when applying it in all of the technical demanding procedures that this 

group of professionals is expected to master along with EBUS. As the findings from the cost 

analysis is specific to the application of simulation-based training in EBUS education and therefore 

not directly transferable to other procedures, this second BIA should be considered hypotheses-

based rather than data-based, and it is merely meant to provide a rough estimate of the potential 

budget impact of adopting simulation-based training more generally in the education of specialists 

in pulmonary medicine. Hereby, it lays the foundation for further research in this area. The two 

budget impact analyses are illustrated below in figure 5.  

 

Figure 5. Graphical illustration of the two budget impact analyses. 
 

3.1.8.1. Budget Impact Analysis of the Simulation-Based ERS Program in the Education of 

EBUS Operators 

According to Sullivan et al. (2014), key elements to consider in the design of a BIA are features of 

the healthcare system including possible restrictions in access to the new intervention, the expected 

uptake of the new intervention, the time horizon applied, and the use and costs of new and current 

interventions. The overall aim of this evaluation is to examine whether the simulation-based ERS 

program is economically preferable to the traditional apprenticeship model in the education of 

EBUS operators, and to accommodate this aim in a methodological transparent manner, the BIA of 

the simulation-based ERS program is based on a hypothetical full uptake scenario to examine the 

budget impact of going from an exclusive use of the traditional apprenticeship model to an 

exclusive use of the simulation-based ERS program in the total annual population of physicians 

eligible for EBUS education in Denmark. Thus, the presented budget impact is based on the 

assumption that EBUS education either happens according to the traditional apprenticeship model 

or the simulation-based ERS program, with no simultaneous use of the two programs taking place. 
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This can be considered a rigid assumption and ideally, the BIA had been based on numbers on the 

actual distribution between the two programs in the current educational practice, but due to a lack of 

formalization of EBUS education, these numbers do not exist. Bearing these data limitations in 

mind, the presented approach provides an intuitive way to understand the potential budget impact of 

adoption the simulation-based ERS program instead of the traditional apprenticeship model. The 

budget impact is presented for a time horizon of 1 and 5 years, respectively, and aligned with 

international guidelines for BIA, the costs are undiscounted to reflect the interest of decision-

makers in the financial impact expected at different points in time (Sullivan et al. 2014). The costs 

of each training program are determined by multiplying its respective price per educated EBUS 

operator presented in the cost analysis by the total number of physicians eligible for EBUS 

education within the chosen time horizon (ibid.). According to clinical consultants, the annual 

number of physicians being educated in EBUS in Denmark is at present approximately 25 percent 

of the total number of physicians specializing in pulmonary medicine per year, and with the latter 

being 17 according to the dimensioning plan of the Danish Health Authority, this corresponds to 

approximately 4 physicians being educated in EBUS per year (Sundhedsstyrelsen 2017). The 

framework and the input data used for the BIA is validated through consultations with clinical 

experts and ongoing verification of numbers and formulas through the research process (ibid.). 

 

Model parameter Estimate applied in the budget impact analysis 

Cost-savings per educated EBUS operator Incremental costs per educated operator with the simulation-based ERS program when compared to 
the traditional apprenticeship model (estimated in the cost analysis, section 4.2.) 

Number of EBUS operators being 
educated per year in Denmark 

Approximately 4 of the 17 physicians specializing in pulmonary medicine are currently being 
educated in EBUS per year in Denmark 

Time horizon 1 and 5 years 

Table 8. Model parameters in the budget impact analysis of the simulation-based ERS program in EBUS education. 
 

3.1.8.2. Budget Impact Analysis of Simulation-Based Training in the Education of Specialists 

in Pulmonary Medicine 

The BIA of adopting simulation-based training more generally in the education of specialists in 

pulmonary medicine applies the same methodological approach as the budget impact analysis of the 

simulation-based ERS program, and similarly, the framework and input data are validated through 

consultation with clinical consultants. The analysis is as mentioned based on a generalization of the 

results of the costs analysis of the simulation-based ERS program when compared to the traditional 
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apprenticeship model, with the estimated incremental costs per educated EBUS operator being 

generalized to the other procedures that specialists in pulmonary medicine are educated in along 

with EBUS. The analysis is based on the findings from a national needs assessment performed in 

Denmark which identified 11 technical procedures in pulmonary medicine that are suitable for 

simulation-based training and are expected to be mastered by future specialists in this medical area 

(Nayahangan et al. 2016). According to this study, all future specialists in pulmonary medicine 

should be competent in the 11 identified procedures, and the population eligible for simulation-

based training is therefore assumed to be 17, which is the annual number of physicians specializing 

in pulmonary medicine in Denmark (Sundhedsstyrelsen 2017). 

 

Model parameter Estimate applied in the budget impact analysis 

Cost-savings per educated specialist in 
pulmonary medicine per procedure  

The price per educated specialist in pulmonary medicine per procedure is based on a hypothetical 
generalization of the results from the costs analysis (section 4.2.), that is, the incremental costs per 
educated EBUS operator with the simulation-based ERS program when compared to the traditional 
apprenticeship model 

Number of procedures requiring 
simulation-based training per educated 
specialist in pulmonary medicine 

11 technical procedures in pulmonary medicine are identified to be suitable for simulation-based training 
and are expected to be mastered by future specialists in pulmonary medicine 
 

Number of specialists in pulmonary 
medicine being educated per year in 
Denmark 

17 specialists in pulmonary medicine are being educated per year in Denmark, and all of these should be 
educated in all of the 11 technical demanding procedures in pulmonary medicine that are identified to be 
suitable for simulation-based training 

Time horizon 1 and 5 years 

Table 9. Model parameters in the budget impact analysis of simulation-based training in the education of specialists in 

pulmonary medicine. 
 

3.2. Data Collection 
In the following section, the different data collection methods applied in this project are described. 

The problem statement is answered using a combination of both primary and secondary data, and 

the section is structured accordingly. Firstly, the different types and sources of secondary data used 

is reviewed together with the search strategies applied in obtaining these. Secondly, the collection 

and application of primary data through the use of expert opinions, observations, and questionnaires 

is described. Both secondary and primary data are applied directly in the estimation of model 

parameters, but they are also used more indirectly to provide the informational foundation necessary 

to make an appropriate analytical design of the economic evaluation of simulation-based training in 

EBUS education. 
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 In order quantify costs and effects of the simulation-based ERS program and the traditional 

apprenticeship model, data on the model parameters are required, and these should ideally be 

estimated from evidence of high quality (Neumann et al. 2016). However, when estimating model 

parameters, the available evidence often originates from multiple different contexts and is therefore 

not directly transferable to the setting being analyzed. To account for this, a more feasibility-

oriented approach can be applied where the generalization of estimates from the literature is based 

on a validation of the estimates through the use of expert opinions and an incorporation of the 

uncertainty relating to the estimates through the use of sensitivity analysis. To account for 

uncertainty, bias, and lack of transferability relating to the evidence used, we have carefully 

assessed the validity of each study and parameter used, compared the estimates with findings from 

other studies, and, lastly, validated the estimates in collaboration with clinical consultants to make 

sure that they are applicable to our setting. Throughout the process of estimating model parameters, 

we have justified and discussed the impact of the parameter choices we have made to ensure 

transparency in the analytical process. 

 

3.2.1. Secondary Data: Literature Search 

In this project, three main sources of secondary data have been applied: 1. Academic books and 

articles, 2. Statistics, reports, and guidelines published by relevant national and international 

organizations, and 3. Websites of suppliers of simulation and EBUS-equipment, national and 

international associations and agencies with Health Technology Assessment (HTA) involvement, 

and other relevant organizations (e.g. CAMES and ERS). The purpose of using these sources was to 

obtain clinical and economic knowledge of EBUS and simulation training, price and cost 

information on equipment and labor time, and to gain insight into relevant guidelines and 

recommendations for the economic evaluation of health technologies.  

 In general, three overall approaches were applied in the search for secondary data: 1. A 

systematic electronic database search, 2. Screening of journals and websites, and 3. Citation 

chaining. The systematic search was conducted using databases and search tools such as REX, 

Libsearch, PubMed, and the Cochrane Library with the purpose of identifying academic 

publications. With the screening of relevant journals and websites, a broader approach to the 

literature search was applied, and this provided access to both articles, reports, guidelines, and cost 

information. Based on key literature identified with the two former approaches, citation chaining 

was conducted both prospective and retrospective, hereby using selected papers of particular 
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relevance as starting points for searches forward and backward in the literature. The citation 

chaining was always finalized by assessing the relevance of the texts identified (Rienecker & 

Jørgensen 2012). 

 

3.2.2. Primary Data: Expert Opinions, Field Visits, and Questionnaires 

In combination with the secondary data reviewed above, primary data are collected to quantify costs 

and effects of the two training programs, hereby estimating the different model parameters. The 

sources of primary data applied in this project include expert opinions, observations, and 

questionnaires. In the following, we will describe the use of these distinct sources of information. 

3.2.2.1. Expert Opinions 

During our thesis collaboration with CAMES, our primary contact persons have been Lars Konge 

(professor, research manager, and specialist in thoracic surgery) and Paul Frost Clementsen (course 

manager at CAMES and specialist in Pulmonary Medicine at Roskilde hospital). Both were 

connected to our project due to their high expertise in medical education and pulmonary medicine, 

respectively, hereby both constituting valuable sources of information about simulation-based 

training for EBUS. We have had a close collaboration with both experts, who have provided us with 

unique insights into the field and functioned as sparring partners during the process. Through the 

collaboration, they have provided us with information about simulation training, the simulation-

based ERS program, the EBUS procedure and its clinical context, and general knowledge about the 

organizational and political context of medical education, which would have been difficult to obtain 

elsewhere. Throughout the thesis, we have used their expert knowledge to provide valuable 

background information, and as such we have applied a realist perspective with the experts being 

considered as reliable sources of information (Holstein & Gubrium 2004). However, it should also 

be acknowledged that both experts brought their own set of expectations and interests, and this 

always constitutes a risk of bias that should be considered though critical application of the 

information provided (ibid.). When applying expert opinions, we have therefore throughout the 

research process validated these in the literature 

3.2.2.2. Field Visits 

Field visits have been conducted to obtain an in-depth understanding of the clinical context for 

EBUS and simulation-based training, hereby establishing the informational foundation necessary to 
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design the economic evaluation in an analytically optimal manner. We have observed both 

simulation training and apprenticeship training. In the former, we observed one day of simulation 

training at CAMES with two physicians being educated in EBUS according to this approach, and in 

the latter, we observed a physician being taught to perform the EBUS procedure in the clinic at 

Roskilde Hospital through apprenticeship training. Knowledge about how the EBUS procedure and 

the educational programs are carried out in practice is crucial to be able to understand the complex 

requirements for the design of an economic evaluation of the simulation-based ERS program and 

the traditional apprenticeship model. After observing the EBUS procedure in the clinic, it was clear 

to us that when calculating the costs of supervised clinical training, the appropriate methodological 

approach was to calculate the additional costs of the procedure related to the participation of a 

trainee rather than to assess the full costs of performing an EBUS procedure. Reasons for this 

approach was described in section 3.1.4.1., and they relate to the complexity of a lung-diagnostic 

examination and the resulting methodological difficulties in distinguishing the costs of EBUS from 

those of other procedures in the lung diagnostic package, but they also arise from the fact that 

EBUS procedures performed in the clinic with trainee participation both contribute to the education 

of new EBUS operators and to a hospital’s production of healthcare services. Thus, through the 

acquisition of these insights, the field visits have provided a better basis for understanding the 

complexity the EBUS procedure and EBUS education, and hereby created the conditions for the 

design and conduction of a meaningful economic evaluation of high quality. 

3.2.2.3. Questionnaire 
In order to calculate the total costs of the supervised clinical training in the simulation-based ERS 

program, which the trainees undergo after receiving simulation training, the average number of 

supervised clinical procedures required for trainees with prior simulation training to become 

independent EBUS operators has to be estimated. To our knowledge, only one study until date has 

investigated this number (Wahidi et al. 2014). To validate this number specifically in relation to the 

simulation-based ERS program, the purpose of this questionnaire is to investigate the average 

number of supervised clinical required to become an independent EBUS operator with the ERS 

program. 

The questionnaire was targeted doctors who have completed the Endobronchial Ultrasound 

(EBUS) Certified Training Program from European Respiratory Society (ERS), and it was formally 

sent out by ERS as it was the only possibility for us to get access to the participants of the program. 

ERS and lecturers at the ERS program, whom the respondents had met before, were specified as 
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senders of the questionnaire to increase the response rate. Moreover, the articulation of the 

questionnaire as an official evaluation of the EBUS Certified Training Program on behalf of the 

European Respiratory Society (ERS) was used as a tool to increase the response rate further.  

 When creating the questionnaire, we had several design and layout considerations as the 

design and layout may affect the response rate and the reliability and validity of the data collected 

with the questionnaire (Saunders et al. 2015). Among others, some of the considerations were that 

the questionnaire should be short and simple by asking as few questions as possible, that the 

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

formulations were unambiguously, hereby having the same meaning for researchers and 

respondents as well as for the different respondents. Prior to formulating the questionnaire, we 

reviewed the literature carefully and discussed our ideas with our academic supervisor and our 

contact persons at CAMES in order to be able to address our objectives and relate our findings to 

earlier research. The first draft of the questionnaire was read, edited, and validated by lecturers at 

the ERS program who have a similar educational background as the respondents. As such, this 

procedure contains some of the same elements as in a pretest (pilot test), which aims at identifying 

and solving potential problems in the questionnaire before it is applied in the data collection 

(Machin & Fayers 2013). Furthermore, when creating the questionnaire, we also considered the 

validity and reliability of it, because the value of the results strongly depends on these. There is no 

universal applicable guideline that can be used when validating a questionnaire, but below some of 

our considerations are explained (Saunders et al. 2015).  

Among others, we considered the risk of recall bias, because it might be a long time since 

the respondents completed the ERS program and thus, they might not remember the exact number 

of supervised clinical procedures they performed in their education. Furthermore, we considered the 

risk of differential misclassification, which may arise if respondents for instance systematically 

cheat and report fewer clinical procedures in order to look better on the paper. These types of bias 

may affect the estimated costs of the simulation-based ERS program, because when reporting more 

or less supervised clinical procedures than truly performed, the estimated costs of the ERS program 

will not reflect its true costs. However, we consider these potential sources of bias to have a 

minimal effect on the validity of the questionnaire as the questionnaire is anonymized and the ERS 

program is only 2 years old limiting the time horizon that respondents have to be able to recall. 

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 
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of selection bias, missing data, and information and measurement bias (Saunders et al. 2015; 

Neumann et al. 2016). We acknowledge, that it is generally the most resourceful physicians who 

respond to surveys and probably also the most ambitious and motivated physicians who sign up for 

the simulation-based ERS program. This might affect the internal validity of the result as well as the 

external validity, because the respondents are not representative for the whole population of 

respiratory physicians. However, to ensure that the results of the questionnaire are generalizable, we 

aim to compare the results with existing evidence. Lastly, we have considered the content validity 

of the questionnaire, that is, considerations of whether the right questions are being asked in order 

to measure what was intended to be measured. To ensure the content validity, we conducted an 

extensive literature search and worked thoroughly with the problem statement and the concepts 

used in the questionnaire. 

Because the questionnaires were sent out by ERS, we have been highly dependent on ERS 

as a third party to convey the contact to the respondents and gather data. In practice this meant that 

after creating and sending the questionnaire to ERS, the handling of the questionnaire and the 

responses on it were out of our hands. Our initiative to create a questionnaire investigating the 

simulation-based ERS program, motivated ERS to examine some of their own questions at the same 

time, and this ended up delaying the process significantly. Despite putting pressure on ERS during 

the whole process to make them send out the questionnaires and collect the responses, we did not 

receive the data from the questionnaires in time to include them in the thesis. Instead, the data will 

be part of a later scientific publication in a medical journal. 

 

3.3. Estimating Model Parameters 

In the next section, we will, based on the analytical framework and the data collected from primary 

and secondary sources, identify and estimate all relevant model parameters for the CEA and the cost 

analysis. In section 3.3.1., resource items relevant to the two analyses are identified, measured, and 

valued, and this is done based on a distinction between simulation training and supervised clinical 

training, hereby covering the full content of both the simulation-based ERS program and the 

traditional apprenticeship model in the two analyses as shown in table 10. However, due to the 

different time horizons of the two analyses, the measurement of specific resource items differs 

between the CEA and the cost analysis and the measurement of these is therefore explained further 

in section 3.4.  
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Cost-effectiveness analysis Cost analysis 

Intervention Comparator Intervention Comparator 

Alternatives Simulation training Traditional apprenticeship 
model 

Simulation-based ERS program 
(part 2 and 3) 

Traditional apprenticeship 
model 

Description of 

content  

6 hours of 
simulation training 

6 hours of supervised  
clinical training 

Part 2: Simulation training and 
clinical observation 

Part 3: Supervised clinical training 

Supervised clinical 
training 

Table 10. Description of the intervention and the comparator in the cost-effectiveness analysis and the cost analysis. 

 

3.3.1. Identification, Measurement, and Valuation of Resource Use 

For both the CEA and the cost analysis, the societal perspective is chosen as the primary analytical 

perspective, which means, that all cost items relating to the intervention and the comparator are 

included, irrespective of who is experiencing them. According to Drummond et al. (2015), costs can 

be divided into the following four categories: Healthcare sector costs, other sector costs, patient and 

family costs, and productivity losses. As described in section 3.1.2., the simulation-based ERS 

program and the traditional apprenticeship model are assumed to have equal effects, hereby 

affecting the course of disease identically for patients being examined with EBUS. Many of the 

costs that are not directly related to the organization and operation of the two programs can 

therefore be expected to be approximately identical between them and will consequently have no 

influence on the results of the evaluation. Thus, we have only included healthcare sector costs and 

selected patient costs in the form of additional patient-time spend on the procedure, while other 

sector costs, informal care costs, and productivity losses are excluded based on the assumption that 

they are approximately identical between the two programs. As such, the majority of costs included 

in the evaluation are healthcare sector costs, and despite being conducted from a societal 

perspective, the results of the evaluation are therefore likely to be very similar to what had been 

found with the application of a healthcare sector perspective as described in section 3.1.4.1. 

In the following, we will explain the resource use of simulation training and supervised 

clinical training. The primary sources of data on the resource use and unit costs of simulation 

training in the ERS program have been the Administrative Office of CAMES, the section chief at 

CAMES, and a clinical consultant who is lecturer at the simulation-based ERS program at CAMES. 

To estimate the unit costs of staff resources in both simulation training and supervised clinical 

training, we have used average salary data for the relevant staff groups from The Municipal and 

Regional Salary Data Office from January 2018 (Kommunernes og Regionernes Løndatakontor). 

These data are based on Danish collective agreements. Guidelines on economic evaluation from 
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Amgros have furthermore been used to convert the monthly salary of the different staff groups to 

hourly rates (Amgros 2017b; Kommunernes og Regionernes Løndatakontor 2018). According to 

Amgros, monthly salaries are converted to hourly rates by assuming that a person on average works 

141.83 hours a month (Amgros 2017b). We have preferred to use the wages of the collective 

agreements to ensure the transferability of the results across a Danish setting. To estimate wages 

based on collective agreements, it was necessary to establish assumptions on the position typically 

held by the staff groups involved. With the help and validation of a clinical consultant, we made the 

general assumptions that the trainees are employed as staff physicians and that the teachers in 

simulation training and the supervising clinical physicians are employed as senior physicians 

without managerial responsibility. These assumptions will not be true in every individual case, but 

on average they are expected to reflect the salary level of the involved personnel.  

 
3.3.1.1. Simulation Training 

Healthcare sector costs included for the simulation training are costs to simulation equipment, other 

equipment and utensils, physical facilities, administrative costs, transportation and accommodation 

costs of trainees, and staff resources. The estimated resource use of simulation training presented in 

the following paragraph is based on the costs for part 2 of the simulation-based ERS program when 

held at CAMES.  

Costs of simulation equipment include the price of the simulator and an EBUS scope for 

demonstration as well as maintenance costs of the simulator. The market price of the simulator is 

538,039 DKK and the maintenance costs are 10,000 DKK per year. Based on the experience and 

opinion of experts’ from CAMES, it is assumed that the simulator has a lifespan of at least 7 years. 

The EBUS scope for demonstration has an estimated price of around 250,000 DKK and an expected 

lifespan of approximately 5 years. However, the lifespan of the scope is highly dependent on the 

technological development as this determines when it is outdated. We are handling capital costs of 

the simulator and the EBUS scope for demonstration by calculating the annual value of the 

equipment that is purchased at one point in time but used over several years. Data on the costs and 

lifespan of simulation equipment were provided by the administrative office at CAMES. The capital 

costs are handled by applying the method of equivalent annual cost which has the strength of taking 

opportunity costs into account, hereby reflecting that funds are tied up at the point of purchase and 

therefore prevented from being put into alternative use. The annual value of capital goods is 

calculated based on the total capital outlay at purchase, the lifespan of the equipment, and the 
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discount rate which was set to 4% aligned with current national guidelines. We assume that the 

payment is done in arrears (Amgros 2017b; Finansministeriet 2018). To calculate the cost of 

simulation equipment per EBUS trainee, the total usage of the equipment at CAMES is needed. 

CAMES reports that a total of 20 physicians following the simulation-based ERS program practice 

on the simulator at CAMES every year. Furthermore, the simulator is used to practice procedures 

within other medical specialties, for example laparoscopy and colonoscopy, and this has to be taken 

into account when calculating the cost of simulation equipment per EBUS trainee. The share of 

EBUS users is estimated to be 17.86% of the total share of people using the simulator. 

Costs of other equipment and utensils include the costs of balloon catheter, EBUS needle, 

and Symbionix syringe which cost 1,200 DKK, 13,125 DKK, and 1,750 DKK, respectively. For 

every ERS simulation course, two physicians participate as trainees and 0.33 balloon catheters, 0.10 

EBUS needles, and 0.05 Simbionix syringes are used. The total cost of the physical facility at 

CAMES is 1.5 million per year including electricity and cleaning, and CAMES estimates that 1/3 of 

the total facilities are used for simulation training. Furthermore, CAMES estimates that EBUS is 

responsible for 20/1400 of the total simulation activity, and this share has to be taken into account 

when calculating the cost of physical facilities per EBUS trainee. Furthermore, administrative costs 

per simulation course include 3 labor hours to the administrative personnel that is responsible for 

planning and coordinating of the course. Information on costs of physical facilities, administrative 

costs, and other equipment and utensils were provided by the administrative office at CAMES and 

the section chief.  

Another type of healthcare sector cost included is transportation and accommodation costs 

of trainees when participating in the simulation training at CAMES as part of the ERS program. The 

accommodation costs are based on the price of an average hotel in the Copenhagen city center 

which is approximately 1,000 DKK/night. The transportation costs of trainees are estimated by 

using the tax exempted mileage allowance determined by the state of 3.53 DKK/km (Skat.dk 2017). 

This rate is used irrespective of the means of transportation. Although, we are aware that most of 

the participants at the simulation-based ERS program are foreign physicians from all over Europe, 

our evaluation deals with the costs of educating a Danish EBUS operator, and we have therefore 

calculated the transportation costs based on the assumption that a trainee on average have 250 km to 

CAMES, which corresponds to the distance from Vejle in the middle of Jutland. On the third day of 

the simulation-based ERS program, participants are visiting Roskilde hospital in order to observe a 
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skilled physician perform the EBUS procedure. The distance from CAMES to Roskilde Hospital is 

40 km, and these transportation costs are also included. 

Staff resources for the simulation course include costs to one simulation teacher, two 

trainees, and one medical student who is assisting the trainees in how to use the simulator. The 

assessment of staff resources used is based on the total labor hours of each staff group and the staff-

specific hourly rate which is defined based on collective agreements obtained from The Municipal 

and Regional Salary Data Office (Kommunernes og Regionernes Løndatakontor 2018). The 

assessment of the number of labor hours used is discussed further in section 3.4., because the 

number depends on the analytical time horizon applied and this varies between the CEA and the 

cost analysis. 

 

3.3.1.2. Supervised Clinical Training  

As argued in section 3.1.4.1., focus in the assessment of costs of the supervised clinical training is 

on additional costs caused by the participation of a trainee rather than on the full costs of 

performing an EBUS procedure. The reason is that, in contrast to simulation training, supervised 

clinical training is, besides contributing to the education of new EBUS operators, also part of the 

hospitals’ production of healthcare services. Therefore, many of the resource items related to the 

conduction of EBUS procedures are unaffected by the participation of a trainee, and the costs of the 

items would also have been experienced without trainee participation. To assess the costs of 

supervised clinical training, it is therefore necessary to estimate which of the costs of an EBUS 

procedure with trainee participation that are related to the participation of the trainee rather than to 

the performance of EBUS. This is described shortly in the following. 

We defined the additional costs caused by the participation of a trainee to be the costs for a 

full-time participating supervising physician as well as additional costs to sedation and staff time 

caused by the longer procedure time with a trainee participating. Our definition of additional costs 

is based on the findings from a study investigating the impact of trainee participation in EBUS 

procedures (Stather et al. 2013). The study finds that when a trainee is the primary operator of the 

EBUS procedure, the procedure takes significantly longer time and significantly more sedation is 

used (ibid.).  

During supervised clinical training for EBUS, a clinical supervisor, a trainee, and three 

nurses are generally present, and as the procedure takes longer time with a trainee participating, the 

costs of the trainee and the three nurses under supervised clinical training are assumed to 
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correspond to the additional time used on the procedure compared to if no training had taken place. 

The supervising physician is assumed to be an additional cost during the full time of the supervised 

clinical training because if no training took place, his function had not been demanded and hereby, 

his participation had been superfluous. Instead, the supervising physician would have used his time 

on other tasks and procedures. The supervisor is assumed to be a senior physician and the trainee is 

assumed to be a staff physician. The average hourly rates of the staff groups are based on collective 

agreements obtained from The Municipal and Regional Salary Data Office (Kommunernes og 

Regionernes Løndatakontor 2018). Furthermore, we have included patient costs in the form of 

additional patient time used on the procedure due to increased procedure time with trainee 

participation. Based on recommendations from Danish guidelines from Amgros, we used the 

average hourly rate of an employee in Denmark after taxes as an upper estimate for the cost of 

additional patient time, which currently is 180 DKK/hour (Amgros 2017b). From a societal 

perspective, this method might be misleading as it does not reflect the true costs of the patient group 

since the typical patient suspected with lung cancer is over 75 years and has lower socio-economic 

status, and hereby, probably has a lower hourly rate (Ferlay et al. 2013; Statistikbanken.dk 2016). 

However, the method is chosen despite of this to comply with Danish guidelines and adapt the 

analysis to the Danish decision-making context.  

The medicine price of the additional propofol used during supervised clinical training is 

estimated based on the Pharmacy Purchase Price level, exclusive of VAT, which is 3.14 DKK/ml 

(Price of dose 10 mg/ml) (Lægemiddelstyrelsen 2018). The measurement of staff resources and 

sedation used during supervised clinical training is described in the following section 3.3.1.2.1. 
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Table 11. Shows all relevant resources items included in the cost-effectiveness analysis and the cost analysis and 

summarizes how the resource measurement and valuations are made. 
 

3.3.1.2.1. Measurement of Resource Items in Supervised Clinical Training 

In order to calculate the costs of the supervised clinical training, estimates of the procedure time and 

sedation used with and without trainee participation is needed as well as the hourly rate for each 

staff group. Moreover, estimates of the number of supervised clinical procedures required to 

become an independent EBUS operator with the simulation-based ERS program and the traditional 

apprenticeship model, respectively, are required to calculate the full cost of the two programs. In the 

following section, we will argue for the estimation of these parameters.  
 

3.3.1.2.1.1. Procedure Time and Sedation Used 

To account for the additional time used on the EBUS procedure under supervised clinical training 

due to trainee participation, we have reviewed the literature to find a valid estimate of the average 

procedure time when performed by a skilled physician. Generally, inconsistency on how the 

procedure time is measured exists in the literature, and this results in various estimates of the total 

procedure time of the EBUS procedure and hereby a risk of measurement bias (Sehgal et al. 2016; 

Herth et al. 2006; Yasufuku et al. 2006). However, we decided to define the EBUS procedure time 

to start when introducing the bronchoscope to perform the initial bronchoscopy procedure and stop 
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when completing the whole procedure, because an EBUS procedure is never done without a 

bronchoscopy. As such, the supervising physician is present the full time of this period.  

After reviewing the literature, we concluded that an average procedure time of 37.69 min. 

found by Stather, is very likely to reflect the average procedure time of a skilled physician without 

the participation of a trainee (Stather et al. 2013). Other studies with a similar measurement 

approach report similar average procedure times, ranging from 33.4 to 44.2 min. (Lee et al. 2008; 

Tremblay et al. 2009; Tournoy et al. 2009). Differences in the average procedure time may be due 

to differences in the mean number of samples taken per procedure, or the fact that the study by 

Stather included additional techniques such as electrocautery and ENB, which may explain the 

longer average procedure time found. Data from the study by Stather et al. (2013) were obtained 

from a prospectively collected database and measured in the same way every time which reduces 

the risk of measurement bias. However, it should be noted that the analysis was done 

retrospectively and not blinded. Another limitation of the study is that the procedures were 

performed by ‘a single interventional pulmonologist, and as such, the results may not be applicable 

to all bronchoscopist’ (Stather et al. 2013). This may introduce a risk of confounding and affect the 

external validity. However, based on the similar procedure times registered in other studies and 

expert-validation of the estimate by an experienced pulmonologist at Roskilde hospital, we decided 

to use the estimate by Stather et al. (2013) to reflect the average EBUS procedure time.  

An additional benefit of using the procedure time estimated by Stather et al. (2013) is that 

the same study also investigated the impact of trainee participation on average procedure time, 

finding a mean difference of 20.63 min when a trainee is the primary operator of the procedure. To 

our knowledge, no other study has investigated the impact of trainee participation on the length of 

EBUS procedures, however, pulmonologists and nurses at Roskilde hospital agree that the use of 

additional time with a trainee participating is consistent with their experience of supervised clinical 

training in EBUS. 

Moreover, same study finds that a mean of 41.17 mg more propofol is used when a trainee is 

the primary operator of the procedure, corresponding to 23,1% more propofol used than without 

trainee participation (Stather et al. 2013).  

 
3.3.1.2.1.2. Number of Supervised Clinical Procedures 

To calculate the full costs of the supervised clinical training in the simulation-based ERS program 

and the traditional apprenticeship model, respectively, it is necessary to estimate the number of 
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supervised clinical procedures that trainees on average are required to perform in the two programs 

before they are assessed as ready to perform EBUS procedures independently.  

The number of supervised clinical procedures required to become an independent EBUS 

operator with the traditional apprenticeship model has been heavily debated (Wilmann et al. 2015; 

Sehgal et al. 2017). A recent review from 2016 finds that an average of 37-44 procedures is 

required to overcome the initial learning curve and attain an accuracy of at least 80%, however, 

studies agree, that the learning curves of trainees are very different, and the required number of 

procedures can vary from 10 to 100 (Sehgal et al. 2017; Kemp et al. 2010; Vilmann et al. 2015). 

International guidelines recommend the completion of a minimum of 40 to 50 supervised EBUS 

procedures before performing the procedure independently (Ernst et al. 2003; Beamis et al. 2002). 

However, critics believe that no data support the recommendations, and several studies argue that 

more than 50 procedures are required to reach an appropriate competence level (Kinsey & Channick 

2013; Herth et al. 2008; Steinfort et al. 2011; Folch & Majid 2013). In the analysis, we assume that 

the number of supervised clinical procedures required to become an independent EBUS operator 

with the traditional apprenticeship model is 50 procedures, because we expect that the supervising 

physicians to some extent will base their assessments of trainees’ readiness on current guidelines 

and at the same time, the number is very similar to the findings from the literature. Sensitivity 

analyses are conducted later in the paper to account for the uncertainty related to this estimate. 

The number of supervised clinical procedures required to become an independent EBUS 

operator with the simulation-based ERS program is to our knowledge only investigated by one 

study, and this number is not based specifically on the simulation-based ERS program but rather 

more generally on simulation training for EBUS (Wahidi et al. 2014). The study finds that after 

receiving an hour-long simulation training, trainees required a varying number of supervised 

clinical procedures to be able to perform the EBUS procedure successfully: ’25% of trainees did so 

after an average of five EBUS-TBNA procedures (95% CI, 2-7), 50% after nine procedures (95% 

CI, 4-13), and 75% after 13 procedures (95% CI, 7-16)’ (ibid.). We are aware that the study might 

have several limitations in the form of selection bias, measurement bias, and missing data. Only 13 

study participants from two universities were included in the study with a majority of men, which 

give some generalization problems. Moreover, two of the study participants did not successfully 

perform the procedure by end of study and were therefore excluded from the analysis. Finally, the 

assessment tool used was not validated and the article does not report after how long time the 

assessment took place.  
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Initially, the intention was that the questionnaire investigating the number of supervised 

clinical procedures required to become an independent EBUS operator with the simulation-based 

ERS program should validate the estimates from Wahidi et al. (2014). However, as described in 

section 3.2.2.3., the questionnaire was formally sent out by ERS as this was the only possibility for 

us to get access to former participants of the simulation-based ERS program, and consequently, we 

have been highly dependent on ERS as a third party to convey the contact to the respondents and 

gather data. In practice this meant that after creating and sending the questionnaire to ERS, the 

handling of the questionnaire and the data gathering were out of our hands. Our initiative to create a 

questionnaire investigating the simulation-based ERS program, motivated ERS to examine some of 

their own questions at the same time, and this ended up delaying the process significantly. Despite 

putting pressure on ERS during the whole process to make them send out the questionnaires and 

collect the responses, we did not receive the data from the questionnaires in time to include them in 

the thesis. Therefore, we have had to rely solely on the estimate of 13 procedures found by Wahidi 

et al. (2014) in the evaluation, and the data from the questionnaire will instead be part of a later 

scientific publication in a medical journal.  

 

Model parameters Estimates 

Procedure time without trainee participation (minutes) 37.69 min 

Additional procedure time with trainee participation (procedure time with trainee participation) (minutes) +20.63 min (58.32 min) 

Additional propofol used per procedure with trainee participation (mg) 41.17 mg 

Number of supervised clinical procedures required to become an independent EBUS operator with the 
simulation-based ERS program 

13 

Number of supervised clinical procedures required to become an independent EBUS operator with the 
traditional apprenticeship model 

50 

Table 12. Summarizes the choice of estimates of model parameters used in the cost-effectiveness analysis and the cost 

analysis. 

 

3.4. Analyses: Cost-effectiveness Analysis and Cost Analysis 
As explained in section 3.1., the economic evaluation conducted in this project is comprised by a 

dual analytical approach. Firstly, a CEA is performed to examine if simulation-based training 

applied in the initial part of EBUS operators’ learning curve is cost-effective when compared to 

traditional apprenticeship training. Focus in the CEA is solely on the costs and effects of simulation 

training rather than of a complete simulation-based training program which also consists of 
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supervised clinical training. Secondly, as the CEA only covers the early phase the education, a cost 

analysis is conducted afterwards with a time horizon covering the complete education of an 

independent EBUS operator, and the purpose of this analysis is to assess whether the 

implementation of the simulation-based ERS program can reduce the total costs of educating EBUS 

operators when compared to the traditional apprenticeship model. The underlying hypothesis for the 

cost analysis is that the implementation of simulation training in the initial part of the education in 

the ERS program can reduce the duration of the subsequent supervised clinical training when 

compared to the traditional apprenticeship model and hereby potentially save costs. 

 Building upon the identification, measurement, and valuation of resource items in the former 

section, this section describes the specific estimates of model parameters applied in the CEA and 

the cost analysis based on the different time horizons used in the two analyses. 

 

3.4.1. Cost-Effectiveness Analysis 

The CEA is conducted to assess the cost-effectiveness of simulation training in the initial part of the 

EBUS operators’ learning curve when compared to traditional apprenticeship training. The analysis 

is based on data from an RCT by Konge et al. (2015), which investigates the effect on operator 

competences of 6 hours of simulation training compared to 6 hours of apprenticeship training, and 

the time horizon of the CEA therefore only covers 6 hours of training, not the complete education of 

independent EBUS operators. The resource items included in the analysis are those presented in 

section 3.3.1, however, the measurement of the resource use is adjusted so it corresponds to 6 hours 

training. The incremental cost-effectiveness ratio (ICER) is presented in section 4. together with the 

other results of the thesis. In the following, the measurement of the costs and effects of 6 hours of 

simulation training and 6 hours of apprenticeship training is described.  

 
3.4.1.1. Costs of 6 Hours of Simulation and Apprenticeship Training 

In order to avoid putting all costs of the full simulation training course in the ERS program on the 

first 6 hours of training, the costs of 6 hours of simulation training were calculated by adjusting the 

total costs of the simulation training course in the ERS program with 50% corresponding to the 

share that 6 hours constitute of the full simulation training time in the ERS program which is 

approximately 12 hours. To calculate the staff resource use for 6 hours of simulation training, we 

accounted for both the trainee and a medical student spending all 6 hours on the simulation training. 
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Usually during a full ERS simulation training course, the simulation teacher spends a total of 4 

hours on introducing the procedure and assessment of the trainees, and these 4 hours are also 

adjusted with 50% in the CEA due to the time horizon of 6 hours. Moreover, the total costs of the 

simulations training have to be divided by two, because two trainees participate at each ERS 

simulation training course. 

As described in section 3.1.4.1. and 3.3.1.2., the assessment of costs of apprenticeship 

training (i.e. supervised clinical training) is based on an assessment of the additional costs caused 

by the participation of a trainee rather than on the full costs of performing an EBUS procedure. This 

is done to account for the fact that apprenticeship training, besides contributing to the education of a 

new EBUS operator like simulation training, also contributes to the hospitals’ production of 

healthcare services through the performance of EBUS procedures. To assess the costs of 

apprenticeship training, we therefore have to calculate with the additional labor time of the trainee, 

the three nurses, and the patient caused by the longer procedure time with the participation of a 

trainee. For the supervising physician, labor time is included for a full procedure with trainee 

participation because the supervising function of the senior physician is considered as superfluous if 

no clinical training took place. Thus, based on the estimates on procedure time, we have calculated 

that the trainee, the patient, and the three nurses spend on average 2.12 additional hours each when 

6 hours of apprenticeship training takes place, and the supervising physician spends 6 additional 

hours. To calculate the cost of additional sedation used, we made the assumption that each trainee 

performs three procedures during 6 hours of apprenticeship training, which has to be multiplied by 

the cost of additional propofol used per procedure when a trainee is the primary operator. This 

assumption is based on the RCT by Konge et al. (2015), that reports that each apprenticeship trainee 

performs between two and four procedures during the 6 hours of apprenticeship training.  

 

3.4.1.2. Effect of 6 Hours of Simulation and Apprenticeship training 

To our knowledge, the RCT by Konge et al. (2015) is currently the only study investigating the 

effectiveness of simulation training when compared to traditional apprenticeship training in the 

education of EBUS operators. After completing 6 hours of simulation or apprenticeship training, the 

effectiveness of the two training programs was measured by letting each of the 16 physicians in the 

study perform the EBUS procedure on three patients, after which their performance was assessed by 

using the validated EBUS assessment tool, EBUSAT. Based on EBUSAT, the physicians received a 
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test score reflecting their diagnostic competences. The RCT found that the simulation-trained 

trainees performed significantly better in both technical performance and anatomical orientation 

than their apprenticeship-trained counterparts (Konge et al. 2015). In terms of test scores, 

apprenticeship-trained trainees had a mean of 20.2 points (SD= 9.4) and simulation-trained trainees 

a mean of 24.2 points (SD= 7.9), with a p-value of 0.006 indicating that the test scores of the two 

groups are significantly different (ibid.). The pass/fail standard of the EBUSAT assessment tool was 

determined to be 28.9 points, and EBUS experts were found to score a mean of 35.2 points (SD= 

9.4) in the test (ibid.).  

 Although the study is an RCT, which in general minimizes selection bias and confounding, 

it is still necessary to be aware of unobserved differences among the groups as only 16 respiratory 

physicians participated in the study and did so on a volunteer basis. An often seen tendency in 

studies with volunteers is that the participants attending are the most resourceful, ambitious, and 

most skilled physicians, and this might constitute a confounding factor affecting the generalizability 

of the results. However, despite the small study population and its potential negative impact on the 

achievement of ceteris paribus through the randomized assignment, it is nevertheless assumed in the 

CEA that the effect of simulation training is free from confounding from other covariates. The risk 

of measurement bias is minimal in the study because the validated EBUS assessment tool, 

EBUSAT, was used and three independent and blinded assessors assessed all the participants with a 

high degree of agreement. 
 

Group Test score (EBUSAT) 

Simulation training (intervention) 24.2 points 

Traditional apprenticeship training (comparator) 20.2 points 

Table 13. Summarizes the results from the RCT by Konge et al. (2015) which found significant differences in test scores 

between the group receiving 6 hours of simulation training (intervention) and the group receiving 6 hours of traditional 

apprenticeship training (comparator). 

 

3.4.2. Cost Analysis 
The cost analysis covers the complete education of independent EBUS operators, and the purpose 

of the analysis is to assess whether the implementation of the simulation-based ERS program can 

reduce the total costs of educating EBUS operators when compared to the traditional apprenticeship 

model. Thus, the cost analysis applies a longer time horizon than the CEA, which only cover the 

early phase of EBUS education, and it hereby widens the analytical scope to incorporate both the 
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simulation training and the supervised clinical training that constitute the complete simulation-

based ERS program. The resource items included in the analysis are those presented in section 

3.3.1, and the measurement of resource use is adjusted so it corresponds to the complete education 

of an independent EBUS operator. The incremental cost of the simulation-based ERS program 

when compared to the traditional apprenticeship model is presented in section 4. together with the 

other results of the thesis. 

As mentioned in section 2.8., the simulation-based ERS program is composed by two 

components: Simulation training and clinical observation (part 2) and supervised clinical training 

(part 3). Thus, the total cost of educating an EBUS operator through the simulation-based ERS 

program is calculated by estimating the total costs of both these parts of the ERS program. The total 

cost of part 2 of the ERS program is estimated by calculating the total cost of all resource items to 

simulation training and clinical observation. At part 2 of the simulation-based ERS program, the 

staff resources spend is estimated to be three full workdays of 8 hours each for the trainee, and 8 

hours in total for both the simulation teacher and the medical student. Although part 2 of the ERS 

program is not scheduled to three full days, we nevertheless account for three full work days of the 

trainee based on the assumption that the trainees are not available in their usual jobs during these 

days. As described in section 3.3.1.2., the total cost of the supervised clinical training (part 3) is 

estimated by multiplying the additional costs of an EBUS procedure with trainee participation with 

the number of supervised clinical procedures required to become an independent EBUS operator 

with the simulation-based ERS program. When a trainee participates in the EBUS procedure, the 

procedure takes on average 20.63 more minutes in which the staff has to be paid. As described in 

section 3.3.1.2, we define the three nurses, the trainee, and the patient to spend this additional time 

on each procedure when clinical training takes place, while the supervising physician is defined to 

be full-time additional during all the 58.32 minutes that the procedure on average takes with trainee 

participation. Moreover, the cost to additional sedation used is calculated by multiplying the price 

of the additional 41.17 mg propofol used with trainee participation with the number of supervised 

clinical procedures required to become an independent EBUS operator with the simulation-based 

ERS program. The number of supervised clinical procedures required to become an independent 

EBUS operator with the simulation-based ERS program is, as argued in section 3.3.1.2.1.2., 

assumed to be 13 procedures based on the findings of Wahidi et al. (2014). 

The approach of estimating the total costs of the traditional apprenticeship model is similar 

to the method used above to estimate the total cost of the supervised clinical training in the 
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simulation-based ERS program. However, the difference in the calculation of costs between the 

supervised clinical training in the simulation-based ERS program and the traditional apprenticeship 

model is that the literature shows that the number of supervised clinical procedures required to 

become an independent EBUS operator with the traditional apprenticeship model is on average 50 

procedures, while it is estimated to be only 13 procedures with the simulation-based ERS program. 

Thus, the implementation of simulation training in the initial part of the learning curve in the ERS 

program substantially reduces the duration of the subsequent supervised clinical training when 

compared to the traditional apprenticeship model. When calculating the costs of the traditional 

apprenticeship model, the additional costs of staff resources and medication per EBUS procedure 

with trainee participation therefore have to be multiplied with the 50 procedures that a trainee on 

average is required to complete to become an independent EBUS operator with this training 

approach.  
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3.5. Summary 
In the methodology section, the methodological approach applied in answering the problem 

statement of this project was described. Table 14 summarizes the methodology section by 

presenting the study design and the structural assumptions made in the CEA and the cost analysis in 

tabular form. 
 

  
Parameter 

Assumptions 

Cost-effectiveness analysis Cost analysis 

Perspective Societal perspective Societal perspective 

Time horizon The initial 6 hours of training in EBUS education. The complete education of an independent EBUS 
operator, that is, training until the trainee is assessed as 
ready to perform EBUS procedures independently by the 
supervising physician. 

Intervention 6 hours of simulation training. 3 days simulation training and clinical observation 
followed by supervised clinical training. 

Comparator 6 hours of traditional apprenticeship training (i.e. 
supervised clinical training). 

The traditional apprenticeship model (i.e. supervised 
clinical training). 

Type of analysis Cost-effectiveness analysis of simulation-based training 
in the initial part of EBUS operators’ learning curve 
when compared to traditional apprenticeship training. 

Cost analysis of the simulation-based ERS program in the 
complete education of independent EBUS operators when 
compared to the traditional apprenticeship model. 

Hypothesis Simulation-training is cost-effective in the initial part of 
EBUS operators’ learning curve when compared to 
traditional apprenticeship training. 

Simulation training shortens the subsequent supervised 
clinical training, and this can potentially reduce the 
educational costs when compared to traditional 
apprenticeship training. 

Costs Intervention: Costs of 6 hours of simulation training. 
  
Comparator: Costs of 6 hours apprenticeship training 
(i.e. additional costs of conducting EBUS procedures 
with trainee participation). 

Intervention: 
Costs of educating an EBUS operator through the 
simulation-based ERS program, which consist of: 
● Costs of 3-days simulation training and clinical 

observation (part 2). 
● Costs of 13 supervised clinical procedures (part 3). 

  
Comparator: 
Costs of educating an EBUS operator through the 
traditional apprenticeship model, which consists of: 
● Costs of 50 supervised clinical procedures. 

Excluded cost items Only cost items that differ across the two interventions 
are included in the analysis. Cost items and categories 
excluded in the analysis are listed below: 
● Informal care costs 
● Other sector costs 
● Productivity losses 
● Theoretical course in the initial part of the training 

programs 

Only cost items that differ across the two interventions are 
included in the analysis. Cost items and categories 
excluded in the analysis are listed below: 
● Informal care costs 
● Other sector costs 
● Productivity losses 
● Theoretical course in the initial part of the training 

programs 

Effect  Competences gained by the EBUS trainee measured as a 
test score with the EBUSAT assessment tool 

The effectiveness measured as competences gained is 
assumed to be approximately equal for the two programs 
after a complete educational course 

Decision-rule ICER Incremental costs 

Sensitivity analysis Deterministic sensitivity analysis Deterministic sensitivity analysis 

Table 14. Summarizes the study design and the structural assumptions made in the cost-effectiveness analysis and the 

cost analysis. 
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4. Results 
In the following section, the results of the cost-effectiveness analysis (CEA), the cost analysis, and 

the two budget impact analyses (BIA) are presented together with the results of the sensitivity 

analyses examining the robustness of these. The results are presented in either tabular or graphical 

form and they are shortly commented upon. A discussion of the results is provided in section 5.  

 

4.1. Cost-Effectiveness Analysis 
Table 15 shows the total cost per trainee for 6 hours of simulation training and 6 hours of 

apprenticeship training, respectively, in the initial part of EBUS operators’ learning curve. The 

incremental cost of 6 hours of training with the two training approaches is calculated to be 904 kr.  
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RESOURCE ITEMS RESOURCE USE RESOURCE 
VALUATION COSTS 

Intervention: Simulation training Quantity Labor time  
(hours) 

Unit cost  
(DKK) 

Cost per trainee 
for part 2 of the 

ERS course 
(DKK) 

Cost per trainee for 6 
hours training  

(DKK) 

EBUS share of simulation equipment           

     GI Bronch Mentor EBUS Simulator 1 - 15,394 770 385 

     EBUS scope for demonstration 1 - 9,644 482 241 

     Maintenance  1 - 1,786 89 45 

Other equipment and utensils           

     Balloon catheter 0.33 - 1,200 200 100 

     EBUS needle 0.10 - 13,125 656 328 

     Simbionix syringe 0.05 - 1,750 44 25 

EBUS share of physical facilities 0.33 - 7,143 357 179 

Transportation costs (km) 580 - 3.53 2,047 1,024 

Accommodation costs (nights) 2 - 1,000 2,000 1,000 

Administrative costs (Labor hours) 1 3 271 406 203 

Staff resources           

     Teacher 1 2 631 - 631 

     Trainees 2 6 509 - 3,055 

     Medical student 1 6 233 - 700 

Total cost per trainee for 6 hours simulation training (DKK) 7,912 

RESOURCE ITEMS RESOURCE USE RESOURCE 
VALUATION COSTS 

Comparator: Traditional apprenticeship 
training Quantity 

Additional 
labor time 

(hours) 

Unit cost  
(DKK) 

Additional cost 
per procedure 

with clinical 
training (DKK) 

Cost per trainee for 
6 hours training  

(DKK) 

Staff resources (Additional labor time)           

     Clinical supervisor 1 6 631 - 3,787 

     Trainee 1 2.12 509 - 1,079 

     Nurses 3 2.12 271 - 1,722 

     Patient 1 2.12 180 - 382 

Additional propofol used (mg) 41.17 - 3.14 12.93 39 

Total cost per trainee for 6 hours traditional apprenticeship training (DKK) 7,008 

Incremental cost (DKK) 904 

Table 15. Shows the total costs of 6 hours of simulation training and 6 hours of apprenticeship training as well as the 

incremental cost of the 6 hours of simulation training when compared to 6 hours of apprenticeship training. 
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To summarize the results of the CEA, the incremental cost-effectiveness ratio (ICER) for 6 hours of 

simulation training when compared to 6 hours of apprenticeship training is calculated. Table 16 

summarizes the costs and effects (i.e. trainees’ test score) for each of the two training approaches 

and shows the ICER of simulation training in the initial part of the EBUS learning curve when 

compared to apprenticeship training. The ICER shows that it on average costs 226 DKK to achieve 

one additional test score for a trainee.  

 

Cost-effectiveness of simulation training  
in the initial part of the EBUS learning curve 

INTERVENTION COMPARATOR 

 
INCREMENTAL 

 COST-EFFECTIVENESS RATIO 
 

6 hours 
simulation training 

6 hours traditional 
apprenticeship 

training 
Intervention vs comparator 

Costs 7,912 7,008 904 

Effect (EBUSAT test score) 24.2 20.2 4 

Incremental cost per test score (DKK)     226 

Table 16. Shows the costs and effects of 6 hours of simulation training and 6 hours of apprenticeship training, and the 

ICER of 6 hours of simulation training when compared to 6 hours of apprenticeship training.  

 

4.2. Cost Analysis 
Table 17 summarizes the total costs of educating an EBUS operator through the simulation-based 

ERS program, which is composed by simulation training and clinical observation (part 2) and 

supervised clinical training (part 3), and the total costs of educating an EBUS operator through the 

traditional apprenticeship model. The total costs of educating an EBUS operator through the 

simulation-based ERS program are estimated to be 37,581 DKK per trainee. The total costs of 

educating an EBUS operator through the traditional apprenticeship model are estimated to be 

57,125 DKK per trainee. Thus, it is estimated that the average cost-savings of educating an EBUS 

operator through the simulation-based ERS program are 19,544 DKK when compared to the 

traditional apprenticeship model.  
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Intervention: Simulation-based ERS program  

RESOURCE ITEMS RESOURCE USE RESOURCE 
VALUATION COSTS 

Part 2: Simulation training Quantity Labor time  
(hours) 

Unit cost  
(DKK) 

Cost per trainee per full ERS course 
(DKK) 

EBUS share of simulation equipment           
     GI Bronch Mentor EBUS Simulator 1 - 15,394 770 
     EBUS scope for demonstration 1 - 9,644 482 
     Maintenance  1 - 1,786 89 
Other equipment and utensils           
     Balloon catheter 0.33 - 1,200 200 
     EBUS needle 0.10 - 13,125 656 
     Simbionix syringe 0.05 - 1,750 44 
EBUS share of physical facilities 0.33 - 7,143 357 
Transportation costs (km) 580 - 3.53 2,047 
Accommodation costs (nights) 2 - 1,000 2,000 
Administrative costs (Labour hours) 1 3 271 406 
Staff resources           
     Teacher 1 8 631 2,524 
     Trainees 2 24 509 12,219 
     Medical student 1 8 233 933 

Part 3: Supervised clinical training Quantity 
Additional 

labor time per 
procedure (min) 

Unit cost  
(DKK) 

Additional cost per 
procedure with clinical 

training (DKK) 

Cost per trainee after 
13 supervised clinical 

procedures (DKK) 
Staff resources (Additional labor time)           
     Clinical supervisor 1 58.32 631 613 7975 
     Trainee 1 20.63 509 175 2276 
     Nurses 3 20.63 271 279 3630 
     Patient 1 20.63 180 62 805 
Additional propofol used (mg) 41.17 - 3.14 12.93 168 

Total cost of educating one EBUS-operator through the simulation-based ERS program (DKK) 37,581 

Comparator: Traditional apprenticeship model 

RESOURCE ITEMS RESOURCE USE RESOURCE 
VALUATION COSTS 

Part 3: Supervised clinical training Quantity 
Additional 

labor time per 
procedure (min) 

Unit cost  
(DKK) 

Additional cost per 
procedure with clinical 

training (DKK) 

Cost per trainee after 
50 supervised clinical 

procedures (DKK) 
Staff resources (Additional labor time)           
     Clinical supervisor 1 58.32 631 613 30,671 
     Trainee 1 20.63 509 175 8,753 
     Nurses 3 20.63 271 279 13,960 
     Patient 1 20.63 180 62 3,095 
Additional propofol used (mg) 41.17 - 3.14 12.93 646 

Total cost of educating one EBUS-operator through the traditional apprenticeship model (DKK) 57,125 

Incremental costs (DKK) -19,544 

Table 17. Shows the total costs of educating an independent EBUS operator through the simulation-based ERS 

program, the total costs of educating an independent EBUS operator through the traditional apprenticeship model, and 

the incremental costs of educating an EBUS operator through the simulation-based ERS program when compared to 

the traditional apprenticeship model. 
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4.3. Sensitivity Analysis 
In the following sections, the results of the sensitivity analyses are presented.  

 

4.3.1. One-Way Sensitivity Analysis 

The tornado chart shown in figure 6 provides a graphical illustration of the sensitivity of the results 

of the cost analysis to changes in the individual model parameters. Each bar represents the range of 

incremental costs that the analytical model can take when the different model parameters are set to 

an either low value (red bar) or high value (blue bar), while holding all other model parameters 

constant at their base-value. In section 3.1.6.1. table 5, each parameters’ low value, base-value, and 

high value were presented.  

 

 
Figure 6. Tornado chart showing the sensitivity of the results of the cost analysis to changes in key model parameters 

varied in the one-way sensitivity analysis.  

 

4.3.2. Threshold Analysis 

Figure 7 illustrates a threshold analysis in which the number of supervised clinical procedures 

required to become an independent EBUS operator with the traditional apprenticeship model is 

varied until the incremental costs of the simulation-based ERS program crosses zero when 

compared to the traditional apprenticeship model. When conducting the threshold analysis, all other 

model parameters are held constant at their base-value. When holding all other model parameters 

constant, the threshold analysis shows that if the number of supervised clinical procedures required 

to become an independent EBUS operator with the traditional apprenticeship model is lower than 



  

Page 80 of 120 
 

33 procedures (base-value = 50), the simulation-based ERS program will not be cost-saving when 

compared to the traditional apprenticeship model. 

 

 
Figure 7. Shows a threshold analysis of the number of supervised clinical procedures required to become an 

independent EBUS operator with the traditional apprenticeship model (TAM). The red line shows the increasing costs 

of the traditional apprenticeship model when the required number of supervised clinical procedures increases. The blue 

line shows the costs of the simulation-based ERS program (ERS) when the number of supervised clinical procedures 

required to become an independent EBUS operator with this program is 13 (base-value). The dotted area above the 

blue line illustrates that the simulation-based ERS program is cost-saving when compared to the traditional 

apprenticeship model.  

 

Figure 8 illustrates a threshold analysis in which the number of supervised clinical procedures 

required to become an independent EBUS operator with the simulation-based ERS program is 

varied until the incremental costs of the ERS program crosses zero when compared to the traditional 

apprenticeship model. When holding all other model parameters constant, the threshold analysis 

shows that if the number of supervised clinical procedures required to become an independent 

EBUS operator with the simulation-based ERS program is higher than 30 procedures (base-value = 

13), the ERS program will not be cost-saving when compared to the traditional apprenticeship 

model. 
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Figure 8. Shows a threshold analysis of the number of supervised clinical procedures required to become an 

independent EBUS operator with the simulation-based ERS program (ERS). The blue line shows the increasing costs of 

the simulation-based ERS program when the required number of supervised clinical procedures increases. The red line 

shows the costs of the traditional apprenticeship model (TAM) when the number of supervised clinical procedures 

required to become an independent EBUS operator with this program is 50 (base-value). The dotted area below the red 

line illustrates that the simulation-based ERS program is cost-saving when compared to the traditional apprenticeship 

model.  
 

4.3.3. Scenario Sensitivity Analysis 

Table 18 shows the parameter values applied and the results of the CEA under the worst and best-

case scenarios. As clear from the table, the ICER ranges from 342 DKK to 105 DKK per additional 

test score in the worst and best-case scenario.  

 

Model parameter (cost-effectiveness analysis) Worst-case value Best-case value 

Procedure time with trainee participation (minutes)  
(base-value = 58.32) 

51.62 65.02 

Additional procedure time with trainee participation (minutes)  
(base-value = 20.63) 

19.07 22.19 

Salary supervising physician (DKK per month)  
(base-value = 89,509) 

72,211 106,350 

ICER (DKK per additional test score)  342  105 

Table 18. The parameter values applied and the results of the cost-effectiveness analysis under the worst and best-case 

scenario. 
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Table 19 shows the parameter values applied and the results of the cost analysis under the worst and 

best-case scenarios. The results of the scenario sensitivity analysis of the cost analysis show that in 

the worst-case scenario, the incremental costs of implementing the simulation-based ERS program 

are 3,239 DKK per educated EBUS operator, and the ERS program will hereby not be cost-saving 

when compared to the traditional apprenticeship model. In the best-case scenario, the incremental 

costs of implementing the simulation-based ERS program are -50,448 DKK per educated EBUS 

operator, and, as such, the cost-savings of the simulation-based ERS program when compared to the 

traditional apprenticeship model are substantially higher in this scenario than in the base-case 

analysis. 

 

Model parameter (cost analysis) Worst-case value Best-case value 

Number of supervised clinical procedures required to become an 
independent EBUS operator with the simulation-based ERS 
program (base-value = 13) 

 
19 

 
7 

Number of supervised clinical procedures required to become an 
independent EBUS operator with the traditional apprenticeship 
model (base-value = 50) 

 
40 

 
60 

Procedure time with trainee participation (minutes)  
(base-value = 58.32) 

51.62 65.02 

Additional procedure time with trainee participation (minutes)  
(base-value = 20.63) 

19.07 22.19 

Salary supervising physician (DKK per month)  
(base-value = 89,509) 

72,211 106,350 

Cost of the simulation-based ERS program (DKK) 40,362 32,393 

Cost of the traditional apprenticeship model (DKK) 37,123 82,841 

Incremental costs (DKK) 3,239 -50,448 

Table 19. The parameter values applied and results of the cost analysis under the worst and best-case scenario. 
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4.4. Budget Impact Analysis 
Table 20 shows the results of the budget impact analysis (BIA) of the simulation-based ERS 

program for EBUS for one and five year, respectively. The analysis is based on the assumption that 

the annual number of Danish physicians being educated in EBUS is 4 at present. The BIA shows 

that an adoption of the simulation-based ERS program instead of the traditional apprenticeship 

model in the full population eligible for EBUS education in Denmark transfers into a total cost-

saving for the Danish society of 78,177 DKK over a one-year time horizon and 390,887 DKK over 

a five-year time horizon.  

 

Intervention Average costs per 
educated operator 

Proportion of 
eligible population 

Size of eligible 
population per year 

Annual costs of program 

Traditional apprenticeship model  57,125 DKK 100% 4 228,502 DKK 

Simulation-based ERS program 37,581 DKK 100% 4 150,324 DKK 

Budget impact (one year) -78,177 DKK 

Budget impact (five years)  -390,887 DKK 

Table 20. Budget impact analysis of the simulation-based ERS program in EBUS education for a one-year and five-year 

time horizon. 

 

Table 21 shows the results of a hypothetical budget impact analysis of adopting simulation-based 

training in the education of specialists in pulmonary medicine in the 11 technical demanding 

procedures that this group of professionals is expected to master in the future. As described in 

section 3.1.8.2., the analysis is based on a generalization of the results of the costs analysis of the 

simulation-based ERS program when compared to the traditional apprenticeship model, with the 

estimated incremental costs per educated EBUS operator being assumed to apply to the other 

procedures that specialists in pulmonary medicine are educated in along with EBUS. However, the 

findings from the cost analysis are specific to the application of simulation-based training in EBUS 

education and not directly transferable to other procedures, and the BIA should therefore only be 

considered hypothesis-based, aiming to provide a rough estimate of the budget impact of 

simulation-based training in the area of pulmonary medicine. The results of the BIA show that the 

adoption of simulation-based training in the education of specialists in pulmonary medicine in all of 

the 11 technical procedures provides a total cost-saving for the Danish society of 3,654,798 DKK 

over a one-year time horizon and 18,273,990 DKK over a five-year time horizon.  



  

Page 84 of 120 
 

Model parameter Estimate applied in the 
budget impact analysis 

Cost-savings per educated operator per procedure  -19,544 DKK 

Number of procedures requiring simulation-based training per educated specialist in pulmonary medicine 11   

Number of specialists in pulmonary medicine being educated per year in Denmark 17 

Budget impact (one year) -3,654,798 DKK 

Budget impact (five years)  -18,273,990 DKK 

Table 21. Hypothetical budget impact analysis of simulation-based training in the education of specialists in pulmonary 

medicine. 

 

Table 22 and 23 show the results of the sensitivity analyses of the two budget impact analyses for 

the one-year and five-year time horizon. The sensitivity analyses show that changes in key model 

parameters to either low or high plausible values affect the magnitude of cost-savings realized by 

adopting simulation-based training in the education of EBUS operator and in the education of 

specialists in pulmonary medicine, but they also show that the results of the BIAs are robust to 

changes in key model parameters with cost-savings being realized regardless of which parameter is 

varied.  

 

Parameter varied in the budget impact analysis of simulation-based 
training in the education of EBUS operators 

Budget impact (DKK) 
(one year) 

Budget impact (DKK) 
(five years) 

Base-case scenario -78,177 -390,887 

Number of supervised clinical procedures required to become an independent EBUS operator with the simulation-based ERS program 
(base-value = 13) 

  Low value (7 procedures) -105,598 -527,988 

  High value (19 procedures)  -50,757 -253,787 

Number of supervised clinical procedures required to become an independent EBUS operator with the traditional apprenticeship 
model (base-value = 50) 

  Low value (35 procedures) 
 -9,627  -48,135 

  High value (65 procedures)                        -146,728  -733,640 

Table 22. One-way sensitivity analysis of the budget impact of the simulation-based ERS program in EBUS education 

for a one-year and five-year time horizon. 
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Parameter varied in the budget impact analysis of simulation-based 
training in the education of specialists in pulmonary medicine 

Budget impact (DKK) 
(one year) 

Budget impact (DKK) 
(five years) 

Base-case scenario -3,654,798 -18,273,990 

Number of supervised clinical procedures required to become an independent EBUS operator with the simulation-based ERS program 
(base-value = 13) 

  Low value (7 procedures) -4,936,692 -24,683,461 

  High value (19 procedures) -2,372,904  -11,864,520 

Number of supervised clinical procedures required to become an independent EBUS operator with the traditional apprenticeship model 
(base-value = 50) 

  Low value (35 procedures) -450,063  -2,250,314 

  High value (65 procedures) -6,859,533 -34,297,667 

Table 23. One-way sensitivity analysis of the hypothetical budget impact of simulation-based training in the education 

of specialists in pulmonary medicine for a one-year and five-year time horizon. 
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5. Discussion  
In the following section, the results of the cost-effectiveness analysis (CEA), the cost-analysis, and 

the budget impact analyses (BIA) are discussed together with the results of the sensitivity analyses 

examining the robustness of these. The overall aim of the project was to examine whether, from a 

Danish societal perspective, the simulation-based ERS program is economically preferable to the 

traditional apprenticeship model in the education of EBUS operators. This question is sought 

answered through a discussion of the results and an inclusion of other non-economic aspects of 

simulation-based training that were not addressed directly in the economic evaluation. The section 

is structured in three parts. Firstly, the costs and effects of the simulation-based ERS program are 

discussed based on the results of the CEA and the cost analysis. Secondly, the financial 

consequences of adopting simulation-based training in the education of EBUS operators specifically 

and in the education of specialists in pulmonary medicine more generally are addressed based on 

the results of the BIAs. Finally, to assess the reliability of the results, strengths and limitations of 

the project are discussed and suggestions for further research are given.  

 

5.1. Cost-Effectiveness Analysis and Cost Analysis of Simulation-

Based Training in EBUS Education 

5.1.1. Cost-Effectiveness Analysis 

The aim of the cost-effectiveness analysis (CEA) was to examine if simulation training applied in 

the initial part of EBUS operators’ learning curve is cost-effective when compared to traditional 

apprenticeship training. As clear from the results from the CEA presented in section 4.1. table 16, 

the incremental costs of 6 hours of simulation training when compared to 6 hours of traditional 

apprenticeship training were 904 DKK, and the simulation group was on average found to have a 4 

points higher test score measured with the EBUS assessment tool (EBUSAT). This corresponds to 

an ICER of 226 DKK per additional test score. According to clinical consultants, the higher test 

score of the simulation-trained trainees indicates that this group performed EBUS procedures more 

competently with a higher diagnostic yield than the apprenticeship-trained trainees after 6 hours of 

training, and this means that “patients are exposed to fewer risks due to inexperience of the 

operator” (Naur et al. 2017a). The results show that 6 hours of simulation training results in 

significantly higher test scores of the trainees but also marginally higher costs which places the 

intervention in the north-eastern quadrant of the cost-effectiveness plane (CE-plane), meaning that 
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simulation training is more effective but also costlier than the alternative apprenticeship training 

(Drummond et al. 2015). When an intervention is in the north-eastern quadrant, a cost-effectiveness 

threshold indicating the maximum acceptable ICER can be determined to decide whether or not the 

intervention is cost-effective, but as explained in section 3.1.7., thresholds typically do not exist 

when the effect of the interventions is measured in natural units. Therefore, the ICER of the CEA 

indicates that if the decision-makers responsible for EBUS education are willing to pay 226 DKK or 

more per additional test score of the trainees in the initial part of their learning curves, then 6 hours 

of simulation training can be considered cost-effective when compared to apprenticeship training. 

Thus, when no threshold exists, the decision of whether or not to implement the intervention is 

solely left to the decision-makers and is, in practice, also influenced by the decision makers’ 

assessment of whether the other derived benefits of implementing the intervention are worth paying 

for. The benefits of implementing simulation training will be explained and discussed in the 

following section 5.1.1.1. 

 

5.1.1.1. Potential Benefits of Simulation Training 

As clear from the results in section 4.1., simulation training in the initial phase of EBUS education 

is found to result in significantly higher test scores of the operators when compared to traditional 

apprenticeship training, and this reflects a higher diagnostic yield of the simulation-trained trainees. 

As described shortly above, the higher test score after 6 hours of simulation training means that 

trainees receiving simulation training have a higher competence level than their traditional 

apprenticeship counterparts when starting their supervised clinical training, and this may affect the 

quality of the procedure and hereby the health of the patients. Thus, as the skills acquired through 

simulation training are proven to be directly transferable to the clinical setting, less of the 

procedural learning burden is put on patients when trainees before initiating the supervised clinical 

training have gained experience with the EBUS procedure and achieved basic skills by practicing 

on a simulator. Reasons for the higher test-performance of simulation-trained trainees may be that 

simulation training allows for maximum hands-on time in a relatively stress-free environment, and 

the fact that some cases in the clinic can be too challenging for trainees in the early part of their 

learning curve, hereby resulting in waiting time and the supervisor taking control over the 

procedure “due to concerns regarding the patient, equipment, or time constraints” (Stather et al. 

2013). The CEA was based on the study by Konge et al. (2015) which showed that simulation 

training is more effective in the early part of EBUS operators’ learning curve, but no study has yet 
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investigated the effect of simulation training with a time horizon covering the complete education of 

EBUS operators. As described in section 3.1.2., we assumed in the cost analysis that the simulation-

based ERS program and the traditional apprenticeship model have equal effects by the end of the 

education, but no data support this assumption. If further research can prove that the difference in 

diagnostic yield between the two training programs persists by the end of the education, simulation-

based training will be placed in the quadrant of higher effects and lower costs in the CE-plane, and 

in this case, it should definitely be implemented in the education of EBUS operators. However, it 

should be noted that if simulation-trained operators have a higher competence level by the end of 

the education, it may result in a better diagnostic yield of the EBUS procedures performed and thus 

possibly affect the quality of life and survival of patients, and this can in turn change the more long-

term costs of the program because of potential resulting changes in informal care costs, productivity 

costs, and future related and unrelated medical costs.  

In the cost analysis, we assumed that the supervising physician ensured the quality and 

safety of the EBUS procedure during the clinical training. However, as described in section 2.7., 

studies examining the impact of simulation-based training in other similar medical areas have found 

that patients of simulation-trained trainees generally experience less discomfort during the 

procedure, have an increased experience of safety, and have higher confidence in the trainee 

performing the procedure, which altogether indicate that simulation training improves the quality of 

the procedure and the patient satisfaction with the procedure (Tolsgaard et al. 2017). This is 

probably due to the standardized learning process in simulation training, where trainees have the 

opportunity to practice and repeat procedures several times without placing any burden on patients 

when making mistakes, and thus EBUS operators who have had simulation training might be 

preferred by patients (Stather et al. 2011).  

Furthermore, studies have also found a tendency toward increased complication rates when 

supervised clinical training takes place (Stather et al. 2013; Ouellette 2006). Based on evidence 

from the literature and expert opinions, it is clear that simulation training prior to the supervised 

clinical training shortens the length of the supervised clinical training compared to if no prior 

simulation training had taken place. Thus, by introducing simulation training prior to the supervised 

clinical training and through this reducing the duration of the supervised clinical training, the risk of 

complications can be lowered. Altogether, fewer complications may result in improvements of the 

EBUS procedure and patient health, and it can also save costs as adverse events and complications 

are associated with substantial hospital costs (Kjellberg et al. 2017). 
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Another benefit of implementing simulation training in the education of EBUS operators is 

that the reduction of the subsequent supervised clinical training frees time of the supervising 

physician which often is a scarce resource in today’s healthcare systems. Thus, simulation training 

can potentially contribute to, for example, a reduction of waiting times in the hospitals, as the 

supervising physician becomes free to perform other tasks as soon as the trainee is ready to perform 

the EBUS procedure independently. The potential impact of simulation training on the time of the 

supervising physician is discussed further in section 5.2.3. 

Lastly, simulation training has the potential to reduce the costs of educating EBUS 

operators, because simulation training prior to clinical training, as explained above, is proven to 

shorten the length of the subsequent supervised clinical training. Simulation training can hereby be 

cost-saving because high staff costs are present during supervised clinical training due to, among 

others, significantly longer procedure times and substantial costs of the supervising physician who 

has to be present during the whole procedure when supervised clinical training takes place. Even 

though the results from the CEA showed that 6 hours of simulation training in the initial part of 

EBUS operators’ learning curve was more expensive than 6 hours of apprenticeship training, it does 

not mean that a complete training program incorporating simulation training in the education of 

independent EBUS operators is more expensive than educating EBUS operators with the traditional 

apprenticeship model. Therefore, we conducted a cost analysis covering the complete education of 

independent EBUS operators to investigate the total costs of educating an EBUS operator through 

the new standardized simulation-based ERS program when compared to the current approach, that 

is, the traditional apprenticeship model. The results of this analysis are discussed in the next section 

5.1.2. 

To sum up, the potential benefits of simulation training in the early phase of EBUS 

education include improved diagnostic yield, increased patient satisfaction, and reduced 

complication rates, and as such, it has the potential to improve the quality of the procedure and 

hereby result in improved health of the patients. Moreover, simulation training has the potential to 

reduce waiting times and save resources, and the saved resources can then be reallocated and spend 

elsewhere on other interventions and technologies and through this contribute to the creation of 

more health. The saved resources can for example be invested in new and better treatments of lung 

cancer. Decision-makers should take all of the above mentioned benefits of simulation training into 

account when deciding on whether or not to implement simulation training in the education of 

EBUS operators in Denmark. The next section will provide decision-makers with evidence on the 
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incremental costs of adopting the simulation-based ERS program when compared to the traditional 

apprenticeship model.  

 

5.1.2. Cost Analysis 

As described in the above section 5.1.1., simulation training in the initial part of EBUS operators’ 

learning curve has been shown to improve operator competences significantly when compared to 

traditional apprenticeship training, but when measured over the first 6 hours of training, simulation 

training is also found to be more expensive than apprenticeship training. To assess whether the 

implementation of a complete simulation-based training program can reduce the total costs of 

educating EBUS operators, we have in the cost analysis compared the costs of educating an EBUS 

operator through the simulation-based ERS program and the traditional apprenticeship model, 

respectively. The focus in the cost analysis has been exclusively on potential cost-savings from the 

ERS program as the cost analysis is based on an assumption of equal effects, which was explained 

in section 3.1.4. 

         The results of the cost analysis showed that with the implementation of the simulation-based 

ERS program in the education of EBUS operators a mean of 19,544 DKK could be saved per 

educated EBUS operator when compared to the traditional apprenticeship model. Thus, even though 

traditional apprenticeship training constitutes a hidden expense integrated in the daily operation of 

hospitals as part of procedures that should have been performed anyways, it is demonstrated in this 

evaluation that the training is associated with substantial costs from longer procedure times and the 

full-time participation of a supervising physician. Therefore, despite being hidden in the daily 

operation, the results of this evaluation show that the costs of traditional apprenticeship training are 

substantial, and costs can be saved by adopting the simulation-based ERS program in the education 

of EBUS operators. 

The potential cost-savings from implementing the simulation-based ERS program indicate a 

greater affordability of the intervention compared to the traditional apprenticeship model, which, 

together with the knowledge about the effectiveness of simulation training in the initial part of the 

learning curve and the other potential derived benefits of simulation training explained in section 

5.1.1.1., speaks for the implementation of the simulation-based ERS program in the education of 

EBUS operators in Denmark. Thus, based on the findings of this economic evaluation, the 

simulation-based ERS program is found to be economically preferable to the traditional 

apprenticeship model from a Danish societal perspective. Even though this economic evaluation is 
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based on the structure and content of the simulation training course in the ERS program, the results 

are likely to be generalizable to other simulation-based training programs that have simulation 

training prior to the supervised clinical training. We argue that the results can be generalized to 

other simulation-based programs as the reduction of the subsequent supervised clinical training is 

the main reason, that the ERS program is found to be cost-saving compared to the traditional 

apprenticeship model, and this reduction is not found to be specifically related to the ERS program 

but rather more generally to simulation training prior to supervised clinical training. Thus, the 

results of this project are likely to extend beyond the simulation-based ERS program and be useful 

for all decision-makers who are considering adopting simulation-based training in EBUS education. 

The overall financial consequences of adopting the simulation-based ERS program in the education 

of EBUS operators in Denmark are assessed and discussed further in the section 5.2. when focusing 

on the budget impact of the program. 

 

5.1.3. Sensitivity Analyses of the Cost-Effectiveness Analysis and the Cost Analysis 
In the following section, the robustness of the results of the CEA and the cost analysis is discussed 

based on the results of various deterministic sensitivity analyses, including one-way sensitivity 

analyses, threshold analysis, and scenario sensitivity analysis. Deterministic sensitivity analysis 

involves varying model parameters from their base-case values, one or more parameters at a time, 

and consider the impact of these changes on the results (Neumann et al. 2016). One important 

limitation of deterministic sensitivity analysis is that it does not quantify the decision uncertainty as 

it is done with probabilistic sensitivity analyses, and this means that the assessment of the 

probabilities of model parameters taking on specific values is left to the decision-makers (ibid.). 

Deterministic sensitivity analyses can still provide useful insights into how changes in parameter 

values can affect the results, but because they do not assess the probabilities of the changes, they 

“cannot show which parameters contribute most to the overall decision uncertainty” (ibid.). 

As described in section 3.1.6.1., the model parameters varied in the sensitivity analyses are 

chosen based on an assessment of which parameters are expected to have the highest impact on the 

results. The low and high values that are applied for each parameter are assessed as extreme but 

plausible to occur, and they are defined based on confidence intervals and recommendations from 

clinical consultants. The parameters varied and the values applied for the parameters are presented 

in table 5 in section 3.1.6.1. By incorporating the extreme but plausible values in the sensitivity 

analyses, the robustness of the results of the CEA and the cost analysis is tested. In the section 



  

Page 92 of 120 
 

below, the sensitivity analyses referred to are of the results of the cost analysis unless otherwise 

stated.  

 

5.1.3.1. One-way Sensitivity Analysis 

In the following, we will, be based on the results from the tornado chart presented in figure 6 in 

section 4.3.1., discuss the sensitivity of the results of the cost analysis to changes in key model 

parameters. This is done by assessing the impact on the results when applying extreme but plausible 

low and high values to each key model parameter while holding all other variables constant at their 

base-value. From the tornado chart, we found that the results are most sensitive to changes in the 

number of supervised clinical procedures required to become an independent EBUS operator with 

the traditional apprenticeship model. The base-case value is set to 50 procedures, as explained in 

section 3.3.1.2.1.2., while the low and high values are set to 35 and 65 procedures, respectively, 

based on recommendations from clinical consultants. The cost-savings from the simulation-based 

ERS program are 36,682 DKK per educated EBUS operator when applying the high value while 

they are 2,407 DKK when applying the low value. The results indicate that the simulation-based 

ERS program can be expected to be cost-saving when compared to the traditional apprenticeship 

model if the defined plausible range (35; 65) contains the true number of supervised clinical 

procedures required to become an independent EBUS operator with the traditional apprenticeship 

model. However, when applying the low value, the cost-savings with the simulation-based ERS 

program are only 2,407 DKK per educated EBUS operator, and when also taking into account the 

remaining uncertainty related to other parameters, the two programs should rather be considered as 

approximately equal in costs for this parameter value. 

The model parameter with the second highest impact on the results is the number of 

supervised clinical procedures required to become an independent EBUS operator with the 

simulation-based ERS program. Based on the findings by Wahidi et al. (2014), the base-value is set 

to 13 procedures, which was further explained in section 3.3.1.2.1.2., while the low and high values 

are set to 7 and 19 procedures, respectively. The choice of low and high values is based on the 95% 

confidence interval provided in the study which was ±6 procedures. The cost-savings from the 

simulation-based ERS program are found to be 26,399 DKK per educated EBUS operator when 

applying the low value and 12,689 DKK when applying the high value, showing that simulation-

based ERS program can be expected to be cost-saving even when applying extreme but plausible 
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values for the number of supervised clinical procedures required to become an independent EBUS 

operator with the simulation-based ERS program. 

The results of the cost analysis were less sensitive to changes in the remaining model 

parameters, and for all of the values applied in the one-way sensitivity analyses, the simulation-

based ERS program remained a cost-saving approach when compared to the traditional 

apprenticeship model. The salary of the supervising physician was the parameter with the third 

highest impact on the results but based on information from clinical consultants, it is not very often 

in Denmark that the supervising physician has another position than senior physician, which was 

chosen to reflect the salary level in the base-case analysis. Furthermore, values that exceed the 

lower and upper values are not very likely in a Danish context, as the values of the salary of the 

supervising physician is based on the possible job positions a supervising physician can have. 

Changes in the model parameters relating to procedure time and additional procedure time have the 

smallest effect on the results of the cost analysis, and the sensitivity analyses show that the 

simulation-based ERS program remains cost-saving for both the low and high estimates. The 

estimates used are based on the lower and upper values of the 95% confidence interval found by 

Stather et al. (2013), and it is therefore unlikely to observe values outside the interval. 

 

5.1.3.2. Threshold Analysis 

In order to identify critical values of key model parameters, threshold analyses were conducted. As 

described in section 3.1.6.2., this was done by varying the values of selected model parameters until 

the incremental costs of the simulation-based ERS program crossed zero when compared to the 

traditional apprenticeship model. When conducting the threshold analysis, all other model 

parameters were held constant at their base-value (Neumann et al. 2016). Threshold analyses were 

conducted for the number of supervised clinical procedures required to become an independent 

EBUS operator with the traditional apprenticeship model and the simulation-based ERS program, 

respectively, as the one-way sensitivity analyses showed that these parameters had the most 

significant impact on the results of the cost analysis. The results of the threshold analyses were 

presented in figure 7 and 8, respectively, in section 4.3.2.  

When holding all other model parameters constant, the results presented in figure 7 showed 

that if the number of supervised clinical procedures required to become an independent EBUS 

operator with the traditional apprenticeship model is lower than 33 procedures (base-value = 50), 

the simulation-based ERS program will not be cost-saving when compared to the traditional 
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apprenticeship model. Similarly, the results presented in figure 8 showed that if the number of 

supervised clinical procedures required to become an independent EBUS operator with the 

simulation-based ERS program is higher than 30 procedures (base-value = 13), the ERS program 

will not be cost-saving when compared to the traditional apprenticeship model. As explained in 

section 3.3.1.2.1.2., it should be noted that a lot of uncertainty is related to the estimates of the 

number of supervised clinical procedures required to become an independent EBUS operator with 

the traditional apprenticeship model and the simulation-based ERS program, respectively, and this 

is, among others, because the learning curves vary significantly between individuals. As described 

in section 3.3.1.2.1.2., some studies argue that the number of supervised clinical procedures 

required to become an independent EBUS operator with the traditional apprenticeship model can 

vary from 10 to 100 procedures and hereby exceed the low and high values applied in the one-way 

sensitivity analysis. As clear from the threshold analysis, a parameter value of 10 procedures would 

mean that the simulation-based ERS program became substantially more expensive than the 

traditional apprenticeship model, while a value of 100 procedures would mean it became 

substantially more cost-saving than estimated in the base-case analysis (base-value = 50). However, 

based on consultations with clinical experts and evidence from the literature presented in section 

3.3.1.2.1.2., we argue that the base-value of 50 procedures for the number of supervised clinical 

procedures required to become an independent EBUS operator with the traditional apprenticeship 

model is very likely to possess a low and conservative estimate rather than a high and optimistic. 

Thus, it is unlikely that the average number of supervised clinical procedures required to become an 

independent EBUS operator with the traditional apprenticeship model is lower than 50 procedures, 

and, as clear from the threshold analysis, the simulation-based ERS program can therefore on 

average be expected to be cost-saving when compared to the traditional apprenticeship model.  

For the number of supervised clinical procedures required to become an independent EBUS 

operator with the simulation-based ERS program, the low (7 procedures) and high values (19 

procedures) applied in the one-way sensitivity analysis are based on the findings of Wahidi et al. 

(2014) and validated by clinical consultants. However, no other study has investigated the number 

of supervised clinical procedures required to become an independent EBUS operator with the 

simulation-based ERS program and thus, a lot of uncertainty is still related to this estimate. The 

results of threshold analysis (figure 8) shows that if the number of supervised clinical procedures 

required to become an independent operator with the program is 30 procedures or less, the 

simulation-based ERS program will remain cost-saving when compared to the traditional 
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apprenticeship model. Based on consultations with clinical experts and the existing evidence, we 

consider it unlikely that the number will exceed 30 procedures and, as clear from the threshold 

analysis, the simulation-based ERS program can therefore on average be expected to be cost-saving 

when compared to the traditional apprenticeship model. 

 

5.1.3.3. Scenario Sensitivity Analysis 

To examine the robustness of the results of the CEA, we have conducted a scenario sensitivity 

analysis based on extreme but plausible worst and best-case scenarios. The scenario sensitivity 

analysis is a variant of multi-way sensitivity analysis in which multiple model parameters are varied 

simultaneously, and as model parameters are likely to change simultaneously rather than 

individually, the approach has the advantage of taking the joint uncertainty of the estimated model 

parameters into account. This is in contrast to the previously discussed one-way sensitivity analyses 

which examines the impact on results of variations in the individual parameters. (Neumann et al. 

2016). However, scenario sensitivity analysis is like one-way sensitivity analysis a deterministic 

analytical approach, which has the limitation of not incorporating the probabilities of model 

parameters taking on specific values, and the assessment of the likelihood of changes in model 

parameters occurring is therefore left to the decision-makers (Drummond et al. 2015). The worst 

and best-case scenarios are created by changing the model parameters to either high or low values 

based on the principle of creating extreme but plausible worst and best-case scenarios. The results 

of the scenario sensitivity analyses of the CEA and the cost analysis were shown in table 18 and 19 

in section 4.3.3. 

 According to the scenario sensitivity analysis of the CEA (table 18), the ICER ranges from 

342 DKK to 105 DKK per additional test score in the worst and best-case scenario. As the ICER of 

the worst-case scenario is 342 DKK per additional test score, the results of the CEA can be 

considered relatively robust to changes in the model parameters as this is still a moderately low 

price for an increase in competence level of the operators. However, it should be noted that the 

likelihood that decision-makers do not consider the intervention as cost-effective increases as the 

ICER increases. As explained in section 5.1., when no cost-effectiveness threshold exists, the cost-

effectiveness of the intervention is determined by the decision-makers willingness to pay for an 

additional test score and their assessment of other derived benefits of the intervention. 

 The results of the scenario sensitivity analysis of the cost analysis (table 19) show that in the 

worst-case scenario, the incremental costs of implementing the simulation-based ERS program are 



  

Page 96 of 120 
 

3,239 DKK per educated EBUS operator, and the ERS program will hereby not be cost-saving 

when compared to the traditional apprenticeship model. In the best-case scenario, the incremental 

costs of implementing the simulation-based ERS program are -50,448 DKK per educated EBUS 

operator, and, as such, the cost-savings of implementing the simulation-based ERS program when 

compared to the traditional apprenticeship model are substantially higher in the best-case scenario 

than in the base-case analysis. Even though the simulation-based ERS program is estimated to be 

more expensive than the traditional apprenticeship model in the worst-case scenario, it should be 

noted that the incremental costs are close to zero and when considering the uncertainty relating to 

the definition of the worst-case scenario, the costs of the two programs should therefore rather be 

considered approximately equal. It should furthermore be recognized that the worst-case scenario is, 

despite being plausible, unlikely to arise in practice. Therefore, we have also conducted other 

analyses based on less extreme scenarios than the ones presented in the paper, and the simulation-

based ERS program remains cost-saving in all of these scenarios. Based on this, we argue that the 

simulation-based ERS program on average can be expected to be cost-saving when compared to the 

traditional apprenticeship model.  

 

5.1.4. Summary 

Based on the results from the CEA, the cost analysis, and the derived benefits of simulation-based 

training described in section 5.1.1.1., we argue that the simulation-based ERS program is preferable 

both economically and clinically to the traditional apprenticeship model in the education of 

independent EBUS operators when assessed from a Danish societal perspective. Thus, we 

recommend decision-makers to adopt the simulation-based ERS program or a similar simulation-

based program in the education of EBUS operators in Denmark. The recommendation is conditional 

on that the adopted simulation-based program can reduce the number of supervised clinical 

procedures required to become an independent EBUS operator when compared to the traditional 

apprenticeship model, and further research should therefore be made in this area. 

Based on the results of the sensitivity analyses, we argue that the results of the CEA and the 

cost analysis are robust. We observed that changing parameter values to extreme but plausible low 

and high values changed the ICER and the incremental costs in the two analyses, but the 

simulation-based ERS program nevertheless remained cost-saving when compared to the traditional 

apprenticeship model. Only in the worst-case scenario, the simulation-based ERS program was 

shown to be marginally more expensive than the traditional apprenticeship model, and when 
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considering the uncertainty relating to the definition of the worst-case scenario, the costs of the two 

programs should therefore rather be considered as approximately equal in this scenario. This is 

supported by the results of other less extreme scenario sensitivity analyses in which the simulation-

based ERS program remained cost-saving. Therefore, we argue that the simulation-based ERS 

program on average can be expected to be cost-saving when compared to the traditional 

apprenticeship model.  

 

5.2. Budget Impact of Simulation-Based Training 
In the following section, the budget impact of adopting the simulation-based ERS program in the 

education of EBUS operators is discussed based on the results of the budget impact analysis 

presented in section 4.4. To address the benefits of simulation-based training in a broader setting 

than that of EBUS education, the results of the cost analysis are furthermore generalized to the 

education of specialists in pulmonary medicine to consider the hypothetical budget impact of 

simulation-based training when applying it in all of the technical demanding procedures that this 

group of professionals is expected to master besides EBUS. Finally, to account for the fact that 

healthcare professionals’ time, like financial resources, can be considered scarce, the impact of the 

simulation-based ERS program on the time used by senior physicians is considered. 

 

5.2.1. Budget Impact of the Simulation-Based ERS Program in the Education of EBUS 

Operators 

Building upon the results of the cost analysis, a budget impact analysis was conducted to consider 

the overall financial consequences to the Danish society of adopting the simulation-based ERS 

program in the education of EBUS operators. As described in the previous section 5.1.2., the cost 

analysis provided an estimate of the average cost-savings per educated EBUS operator from 

adopting the simulation-based ERS program instead of the traditional apprenticeship model, and the 

budget impact analysis constitutes a mean for linking this estimate to the overall societal cost-

savings from adopting the simulation-based ERS program on a national level (Sullivan et al. 2014). 

An assessment of the budget impact of the simulation-based ERS program is an important 

component in the creation of an information-based and transparent decision-making process 

regarding EBUS education. 

 The results of the budget impact analysis were presented in table 20 in section 4.4., and they 

are, as described in section 3.1.8., based on the assumption of a full uptake of the simulation-based 
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ERS program to examine the budget impact of going from an exclusive use of the traditional 

apprenticeship model to an exclusive use of the ERS program in the total population of physicians 

eligible for EBUS education in Denmark. According to a leading clinical consultant within 

pulmonary medicine, the annual number of Danish physicians being educated in EBUS is currently 

assumed to be 4, and for the education of each of these, the cost-savings were in the cost analysis 

estimated to be 19,544 DKK (Sundhedsstyrelsen 2017). Thus, the adoption of the simulation-based 

ERS program instead of the traditional apprenticeship model in the full population eligible for 

EBUS education in Denmark transfers into a total cost-saving for the Danish society of 78,177 

DKK over a one-year time horizon and 390,887 DKK over a five-year time horizon. When 

considering the size of total budget of the healthcare sector in Denmark, this might seem like a 

modest impact, but it is nevertheless a reduction of healthcare expenditures that is likely to be 

achieved while at the same time educating EBUS operators at the same or a higher level than with 

the traditional apprenticeship model, as argued in section 5.1.1.1. From this perspective, the 

adoption of the simulation-based ERS program in the education of EBUS operators can lead to 

improved health in two general ways. Firstly, the saved resources can be reallocated to other 

interventions and technologies in the healthcare sector and through this contribute to the creation of 

more health. This can for example be by investing the saved resources in increased staffing at the 

hospitals to improve the general quality of treatment and care and to reduce waiting times. 

Secondly, if the simulation-based ERS program can improve the competences of EBUS operators 

when compared to the traditional apprenticeship model, this is likely to result in improved health 

through the conduction of EBUS procedures with fewer complications and a higher diagnostic 

yield. This was described more in detail in section 5.1.1.1. As clear from the sensitivity analysis 

presented in table 22 in section 4.4., the results of the budget impact analysis are furthermore robust 

to changes in model parameters, and even though variations in the parameters affect the magnitude 

of cost-savings, savings are realized in all the examined scenarios. Thus, the budget impact analysis 

supports the adoption of the simulation-based ERS program in the education of EBUS operators. 

 

5.2.2. Budget Impact of Simulation-Based Training in the Education of Specialists in 

Pulmonary Medicine 

As argued in the introduction in section 1., the focus of this economic evaluation is, due to practical 

reasons, limited to the application of simulation-based training in the education of EBUS operators, 

but the project nevertheless represents a more general interest in the potential benefits of adopting 
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simulation-based training in the education of healthcare professionals across different medical 

procedures and specialties. To address this broader application of simulation-based training, a 

second budget impact analysis was conducted to examine the financial consequences to the Danish 

society of adopting simulation-based training more generally in the education of specialists in 

pulmonary medicine in the different technical demanding procedures that these physicians are 

expected to master along with EBUS.  

The results of the analysis were presented in table 21 in section 4.4. As described in section 

3.1.8., the analysis is conducted by generalizing the findings from the cost analysis of the 

simulation-based ERS program for EBUS to other technical demanding procedures in pulmonary 

medicine. Since the findings from the cost analysis are specific to the application of simulation-

based training in EBUS education and therefore not directly transferable to other procedures, this 

budget impact analysis should be considered hypothesis-based rather than data-based, and it is 

merely meant to provide a rough estimate of the budget impact of simulation-based training in the 

area of pulmonary medicine and hereby lay the foundation for further research. The analysis is 

based on the findings from a national needs assessment performed in Denmark which identified 11 

technical procedures in pulmonary medicine that are suitable for simulation-based training and are 

expected to be mastered by future specialists in this medical area (Nayahangan et al. 2016). The 

annual number of educated specialists in pulmonary medicine in Denmark is 17, and according to 

the referred needs assessment, all of these specialists should in the future master the 11 identified 

procedures (Sundhedsstyrelsen 2017). When assuming that the cost-saving of 19,544 DKK per 

educated EBUS operator is transferable to these other procedures, the adoption of simulation-based 

training in the education of specialists in pulmonary medicine in all of the 11 technical procedures 

provides a total cost-saving for the Danish society of 3,654,798 DKK over a one-year time horizon 

and 18,273,990 DKK over a five-year time horizon. Sensitivity analyses of these results were 

presented in table 23 in section 4.4, and as for the budget impact analysis of the simulation-based 

ERS program for EBUS, the results are robust to changes in model parameters with cost-savings 

being realized in all of the examined scenarios.  

The results of the budget impact analysis clearly show that the cost-savings from adopting 

simulation-based training systematically in the education of specialists in pulmonary medicine are 

potentially substantial, exceeding 18 million over a five-year time horizon in the base-case analysis. 

However, the analysis is based on the critical assumption that the cost-savings achieved by 

educating EBUS operators with the simulation-based ERS program instead of the traditional 
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apprenticeship model are directly transferable to the other 10 technical procedures that a specialist 

in pulmonary medicine is expected to master. This is not the case. Even though the structure of the 

educational programs for these other procedures are likely to be similar to the ones for EBUS with 

an apprenticeship model consisting of a theoretical part and supervised clinical training, and a 

simulation-based program consisting of a theoretical course, simulation training, and supervised 

clinical training, the duration and price of these program components can be expected to differ 

between the different procedures. This can for example relate to differences in the prices of 

simulation equipment for the different procedures, the typical duration of the supervised clinical 

training for the individual procedures, and differences between the procedures in the size of the 

effect of simulation training on the duration of the subsequent supervised clinical training. The 

latter is especially important to the transferability of the results as a main driver of costs in the cost 

analysis is how much the number of supervised clinical procedures required to become an 

independent EBUS operator with the traditional apprenticeship model can be reduced by adopting 

the simulation-based ERS program. Furthermore, simulation equipment and formalized simulation-

based programs are not yet developed for all of the procedures, and an adoption of simulation-based 

training in the education of specialists in pulmonary medicine in a scale that matches the one 

assumed in the budget impact analysis is therefore not possible at present (Nayahangan et al. 2016).  

However, the substantial potential for cost-savings indicated by the budget impact analysis 

clearly suggests that simulation-based training is an area for further research that should be 

prioritized. This is both in relation to the education of specialists in pulmonary medicine but also 

more generally in the education of healthcare professionals across other medical procedures and 

specialties. Specialists in other medical areas, such as vascular surgery, are expected to master an 

even higher number of technical demanding procedures than specialists in pulmonary medicine, and 

these areas can therefore potentially benefit even more than pulmonary medicine from the adoption 

of simulation-based training with an even higher expected budget impact (Nayahangan et al. 2017). 

Thus, further research should be made in the cost-effectiveness of adopting simulation-based 

training in the education of healthcare professionals across different medical specialties in different 

technical demanding procedures. 

As stated previously in this section, the potential cost-savings from adopting simulation-

based training in the education for EBUS and other medical procedures can be reallocated and 

invested in other interventions and technologies in the healthcare sector to improve the health of 

patients. The estimated cost-savings of 18,273,990 DKK over a five-year time horizon from 
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adopting simulation-based training in pulmonary medicine can for example translate into 

approximately 1,148 additional lung-diagnostic cancer examinations when applying the Danish 

DRG level for 2018 (Sundhedsdatastyrelsen 2018). Hereby, an additional 1,148 patients suspected 

with lung cancer can in principle be examined over a five-year time horizon within the same 

budget, and this may be considered a significant impact which, as described in section 2.1., can be 

considered particularly useful because an increasing need for EBUS procedures is predicted in the 

future, with the deaths from lung cancer being expected to increase by 37% in the European region 

over the next 23 years as a result of demographic changes (Didkowska et al. 2016).  Thus, even if it 

is assumed that simulation-based training and the traditional apprenticeship model provide 

healthcare professionals with the same level of competences, the findings from this economic 

evaluation suggest that the adoption of simulation-based training in healthcare education can 

potentially improve health substantially through a reallocation of the saved resources. 

 

5.2.3. Senior Physician Time as a Scarce Resource 
The cost-savings achieved with the simulation-based ERS program are, as argued through the 

paper, resulting from a reduction of the number of supervised clinical procedures required to 

become an independent EBUS operator with the simulation-based ERS program when compared to 

the traditional apprenticeship model. The simulation-based ERS program is through this reduction 

shortening the time used by a supervising physician on EBUS education, and a monetary value can 

be applied to this time, for example based on the salary of the supervising physician as it is done in 

the cost analysis in this thesis. However, the role as supervising physician under the supervised 

clinical training in EBUS education is typically performed by senior physicians with a high level of 

specialization and these often constitute a scarce resource like it is the case for financial resources. 

From this perspective, an important benefit of the simulation-based ERS program, and potentially 

of simulation-based training in healthcare education in general, is that it releases time of senior 

physicians for other tasks than supervised clinical training. As clear from table 24 below, the 

simulation-based ERS program spends 32 hours less of the senior physicians’ time per educated 

EBUS operator when compared to the traditional apprenticeship model. 
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Model parameter Estimate (hours) 

Time of senior physician used with the simulation-based ERS program 17 

Time of senior physician used with the traditional apprenticeship model 49 

Senior physician time saved per educated EBUS operator -32 

Table 24. Senior physician time saved per educated EBUS operator 

 

Applying the same calculations as in the budget impact analysis of the cost-savings, these 32 hours 

saved per educated EBUS operator translate into approximately 128 and 639 hours saved in the 

current EBUS education over a one-year and five-year time horizon, respectively, when educating 4 

EBUS operators annually in Denmark. Generalized to the 11 technical procedures in pulmonary 

medicine and the 17 educated specialists in this area per year, it is 5,977 and 29,886 hours saved 

over a one-year and five-year time horizon, respectively. These hours can be spend elsewhere in the 

healthcare sector on the provision of treatment and care for patients. For example, when applying 

the procedure time for a lung-diagnostic examination without trainee participation (37.69 minutes), 

the estimated time saved over a five-year time horizon from adopting simulation-based training in 

the education of specialists in pulmonary medicine corresponds to the time used by a senior 

physician on conducting 47,577 additional lung-diagnostic examinations. Of course, this example 

only considers the direct procedure time, hereby excluding elements such as preparation and filling 

out patient records, and the time of the senior physician is only part of the resources required to 

deliver these examinations. However, the example still illustrates the potential important impact of 

releasing 29,886 senior physician hours within a five-year time horizon when the time of these 

specialized professionals is a scarce and highly demanded resource. The impact of simulation-based 

training on senior physicians’ time is shown below in table 25 together with how many lung-

diagnostic examinations these time savings correspond to. 
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Model parameter Estimate (hours) Translated into lung-diagnostic 

examinations (number) 

Senior physician time saved in the education of EBUS operators  

(one-year time horizon) 

                   -128 -204 

Senior physician time saved in the education of EBUS operators  

(five-year time horizon) 

                   -639 -1.018 

Senior physician time saved in the education of specialists in 

pulmonary medicine (one-year time horizon) 

                 -5.977 -9.515 

Senior physician time saved in the education of specialists in 

pulmonary medicine (five-year time horizon) 

               -29.886 -47.577 

 Table 25. Impact on senior physician time of adopting simulation-based training in the education of EBUS operators 

and in the education of specialists in pulmonary medicine. 

 

5.3. Strengths and Limitations 
In the following section, the strengths and limitations of this project are discussed. This study is, to 

the best of our knowledge, the first study that has investigated the cost-effectiveness and potential 

cost-savings of simulation-based training in EBUS education specifically and healthcare education 

more generally when compared to traditional apprenticeship training. Many studies have 

investigated the effectiveness of simulation-based training within various medical procedures and 

proven significant benefits of it, but no studies have investigated potential cost-savings of the 

approach when compared to traditional apprenticeship training. According to implementation 

theory, evidence of a new intervention’s relative advantages is one of the most important factors in 

today’s healthcare system to convince decision-makers of implementing the new innovation, and 

important advantages include the cost-effectiveness and possible costs-savings of an intervention 

relative to the alternatives (Greenhalgh et al. 2004). If decision-makers are not convinced of the 

advantages of simulation-based training relative to the current traditional apprenticeship training, 

they will not adopt the approach, and for simulation-based training, evidence on its educational 

effectiveness has proven insufficient to convince decision-makers. A likely reason for this is the 

increasing economic pressure on healthcare sectors around the world which has forced decision-

makers to increasingly consider costs and cost-effectiveness when prioritizing among competing 

alternative interventions under budget constraints. The findings of this thesis provide stakeholders 

working with the development and diffusion of simulation-based training with evidence on the cost-

advantages of adopting the simulation-based ERS program in EBUS education.  
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 As discussed in section 5.1.2., another strength of this project is that the hidden costs of 

traditional apprenticeship training have been demonstrated. Even though traditional apprenticeship 

training constitutes a hidden expense integrated in the daily operation of hospitals as part of 

procedures that should have been performed anyways, it is demonstrated in the cost analysis that the 

training is associated with substantial costs resulting from the longer procedure times caused by 

trainee participation and the full-time participation of a supervising physician. As simulation 

training is found to shorten the duration of the subsequent supervised clinical training, the adoption 

of the simulation-based ERS program is showed to be cost-saving when compared to the traditional 

apprenticeship model despite the high equipment costs that are associated with simulation training. 

 The sensitivity analyses performed showed that the results from both the CEA and the cost 

analysis are robust to changes in model parameters. For the cost analysis, we observed that when 

changing the parameter values to either low or high plausible values, the simulation-based ERS 

program would still be cost-saving when compared to the traditional apprenticeship model. Only in 

the worst-case scenario, the simulation-based ERS program was shown to be marginally more 

expensive than the traditional apprenticeship model, and when conducting other less extreme 

scenario sensitivity analyses, the ERS program remained cost-saving. Therefore, we argue that the 

simulation-based ERS program on average can be expected to be cost-saving when compared to the 

traditional apprenticeship model. However, one limitation of the sensitivity analysis is that we did 

not perform any probabilistic sensitivity analyses due to data limitations. Probabilistic sensitivity 

analysis is the preferred analytical approach because it “provides a stronger analytical support for 

decision making than deterministic sensitivity analyses” as it has the advantage of quantifying 

decision uncertainty by varying multiple parameters simultaneously and incorporating the 

probabilities of changes in the parameter values in the analysis (Neumann et al. 2016; Drummond et 

al. 2015). Due to lack of data, we have not been able to conduct probabilistic sensitivity analyses in 

this project, but it should be the preferred approach in future research.  

 As described in section 3.1.3.3. and 3.1.4.2., a limitation of the study is that we had no real 

measurement of the health effect of simulation-based training available such as QALYs. Instead, we 

had to use EBUS test score as measure of effect in the CEA, and besides only constituting an 

intermediary outcome in the creation of health, we also only had data on test scores for a time 

horizon of 6 hours of training. The preferable overall analytical approach had been to conduct a 

cost-utility analysis of the simulation-based ERS program, covering the complete education of 

independent EBUS operators or, ideally, the full lifetime of patients that have been examined with 
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EBUS. This approach would have allowed a critical examination of the assumption of equal effects 

between the simulation-based ERS program and the traditional apprenticeship model, while at the 

same time facilitating the use of QALY as effect measure to directly capture and express the 

training programs’ impact on patients’ health. Furthermore, it would have made it possible to 

compare benefits gained from the ERS program with those from interventions in other medical 

areas, hereby making clear the possible opportunity costs of the program for decision-makers.   

 Our analysis is limited to the Danish educational context as the costs of simulation training 

and supervised clinical training are based on data provided by CAMES and information from 

Danish collective agreements. Thus, the generalizability of the results to other countries is limited. 

However, the analytical model used can to some extent be generalized to other countries by 

adjusting the input parameters of the model to the country of interest. Such adjustments can relate to 

differences in staff wages between countries, but they can also address cultural differences in the 

organization of the supervised clinical training and hereby in the duration of the training. Thus, by 

adapting the input parameters to the specific local conditions, the analytical model can be 

transferred to other decision contexts.  

Another limitation of the study is that a high degree of uncertainty is related to the estimated 

number of supervised clinical procedures required to become an independent EBUS operator with 

the simulation-based ERS program and the traditional apprenticeship model, respectively. This is a 

critical limitation as these parameters constitute the main cost drivers in the cost analysis. In the 

sensitivity analysis, the results of the cost analysis were shown to be sensitive to changes in 

especially the number of supervised clinical procedures required to become an independent EBUS 

operator with the traditional apprenticeship model, and for the low value of the parameter applied in 

the one-way sensitivity analysis (low value = 35 procedures, base-value = 50 procedures), the costs 

of the simulation-based ERS program and the traditional apprenticeship model were approximately 

equal. However, as argued in section 5.1.3.2, the base-value of 50 procedures for the number of 

supervised clinical procedures required to become an independent EBUS operator with the 

traditional apprenticeship model is likely to possess a low and conservative estimate rather than a 

high and optimistic estimate, and it is therefore very unlikely that trainees perform less than 35 

supervised clinical procedures when trained according to the traditional apprenticeship model in 

Denmark. Despite of this, it should not be neglected that studies have found EBUS learning curves 

to vary significantly among individuals and also outside the plausible range applied in our 

sensitivity analyses. Thus, further research should be made in the number of supervised clinical 
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procedures required to become an independent EBUS operator with traditional apprenticeship 

model and the simulation-based ERS program, respectively.  

 The cost analysis is based on an assumption of equal effects, with the level of operator 

competences at the end of the education being expected to be approximately equal for the 

simulation-based ERS program and the traditional apprenticeship model, and this assumption can 

be questioned. The assumption was made because we had no data on the effects of the two 

programs on the competence level of EBUS operators at the end of the education, and as argued in 

section 3.1.2., the assumption was considered reasonable because the completion of both programs 

is defined as when the supervising physician assesses the trainee as ready to perform EBUS 

procedures independently, and as such, the trainees of the two programs can on average be expected 

to have the same level of competences after ended education. However, despite the reasonableness 

in the assumption, “absence of evidence is not evidence of absence” as it is stated by Briggs & 

O’Brien (2001), and it can therefore not be known for certain if the assumption holds and there truly 

is no difference in effects between the two programs. Thus, further research on the competence 

level after ended education of trainees following the simulation-based ERS program and the 

traditional apprenticeship model, respectively, is needed to examine whether the effects of the two 

programs are truly equal. If the simulation-based ERS program, as discussed in section 5.1.1.1., 

turns out to have a higher effect at the end of the education, the program is placed in the quadrant of 

the CE-plane with higher effects and lower costs, when looking at the time horizon of the complete 

education. However, if applying a longer time horizon for the analysis covering for instance the full 

life time of patients, the costs of the two programs can change due to resulting changes in costs for 

informal care, productivity loss, and future related and unrelated medical costs, and this can in turn 

change the incremental costs of the simulation-based ERS program when compared to the 

traditional apprenticeship model. 

The results of the BIA of adopting simulation-based training in the education of specialists 

in pulmonary medicine (presented in table 21 in section 4.4.) have to be treated with caution, as the 

analysis is based on the assumption that the estimated cost-savings of the simulation-based ERS 

program in EBUS education can be directly transferred to other procedures within pulmonary 

medicine. As mentioned in section 5.2., the results of the cost analysis are specific to EBUS 

education and therefore not directly transferable to other procedures, but the generalization of the 

results still opens up for a discussion of the potential economic impact that simulation-based 

training can have when adopted more generally in the education of healthcare professionals. Thus, 
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the results of the BIA emphasize the importance of further research in the cost-effectiveness of 

adopting simulation-based training in the education of healthcare professionals across different 

medical specialties in different technical demanding procedures. 

 Finally, it is important to be critical about the choice of excluding the theoretical component 

of the simulation-based ERS program and the traditional apprenticeship model, which was done 

based on the assumption that the component is approximately equal between the two programs and 

therefore has no influence on the results of the cost analysis. Even though both programs contain a 

theoretical component, the theoretical course in the simulation-based ERS program is more 

formalized and probably more comprehensive than the one typically provided in the traditional 

apprenticeship model, and it is therefore possible that differences in the costs of the theoretical 

component exist between the two programs. Thus, if the costs of the theoretical component were 

included in the cost analysis, it could potentially have changed the incremental costs of the 

simulation-based ERS program when compared to the traditional apprenticeship model, and the 

exclusion can therefore be considered a significant limitation of our study. However, it is important 

to emphasize that, despite being relevant to the costs of the full simulation-based ERS program, the 

limitation does not change that this study has demonstrated that the combination of simulation 

training and supervised clinical training is cost-saving when compared to the exclusive use of 

supervised clinical training in the traditional apprenticeship model. This also supports the notion 

that our findings not necessarily are specific to the simulation-based ERS program but rather apply 

to the combination of simulation training and supervised clinical training, as the assessment of costs 

of the simulation-based ERS program is based on the simulation course in the ERS program, but in 

principle, the results could have reflected another similar simulation-based program for the 

education of EBUS operators. The reason is that the estimated cost-savings of the simulation-based 

ERS program primarily are driven by the reduction in the duration of the supervised clinical 

training when compared to the traditional apprenticeship model, and this effect is not found to be 

specifically related to the ERS program but rather more generally to the use of simulation training 

prior to the supervised clinical training. This would not have been the case if the results from our 

questionnaire had been used to estimate the number of supervised clinical procedures required to 

become an independent EBUS operator with the simulation-based ERS program, as these results to 

some extent would be specific to operators that have been educated according to the full ERS 

program. This would have made it difficult to determine whether an observed reduction in the 

duration of the supervised clinical training with the simulation-based ERS program was caused by 
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the theoretical course, the simulation training, or a combination of the two. However, as the number 

of supervised clinical procedures required to become an independent EBUS operator with the ERS 

program is based on the estimate by Wahidi et al. (2014) in this thesis, the reduction of the duration 

of the supervised clinical training can be considered directly attributable to the use of simulation 

training.  
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6. Conclusion 
Simulation-based training on phantoms and virtual reality devices 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, but with 

healthcare systems being under economic pressure to prioritize among competing interventions and 

technologies, evidence on the costs and cost-effectiveness of the approach is needed when deciding 

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. 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, but the 

analytical scope of the thesis was for practical reasons limited to the application of simulation-based 

training in the education of EBUS operators. The overall aim was to examine whether the 

simulation-based ERS program is economically preferable to the traditional apprenticeship model in 

the education of independent EBUS operators from a Danish societal perspective. To examine this, 

three distinct analyses were conducted based on the following three research questions: 

  

●      Research question 1: What is the cost-effectiveness of simulation training in the initial 

part of EBUS operators’ learning curve when compared to supervised clinical training? 

●      Research question 2: What are the incremental costs of the complete simulation-based 

ERS program when compared to the traditional apprenticeship model? 

●      Research question 3: What is the budget impact of adopting the simulation-based ERS 

program in the education of EBUS operators in Denmark when compared to the 

traditional apprenticeship model? 

  

The results of the thesis suggest that, from a Danish societal perspective, the simulation-based ERS 

program is both economically and clinically preferable to the traditional apprenticeship model in the 

education of independent EBUS operators, as the use of simulation training in the ERS program 

reduces the duration of the subsequent supervised clinical training, and the ERS program hereby 

saves costs when compared to the traditional apprenticeship model. Furthermore, based on a 

generalization of the results of the thesis, it is indicated that substantial cost-savings can be realized 

by adopting simulation-based training more generally in the education of healthcare professionals 
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across different medical procedure and specialties. Therefore, it is recommended that the 

simulation-based ERS program is adopted in the education of EBUS operators and 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. Preferably, specific 

attention should be on medical specialties with a high number of technical demanding procedures in 

which simulation-based training potentially can reduce the duration of the supervised clinical 

training substantially. The conclusions of the thesis are based on the following analytical results. 

Firstly, a cost-effectiveness analysis (CEA) was performed to examine if simulation-based 

training applied in the initial part of EBUS operators’ learning curve is cost-effective when 

compared to traditional apprenticeship training. The CEA yielded an ICER of 226 DKK per 

additional test score achieved. This indicates that, when compared to apprenticeship training, 

simulation training in the initial part of EBUS operators’ learning curve results in more competent 

EBUS operators, but this increased educational effectiveness is also achieved at marginally higher 

costs. No cost-effectiveness threshold exists for an additional test score of EBUS operators, and the 

decision on whether simulation training in the initial phase of the education is cost-effective 

therefore depends on the decision-makers’ willingness to pay for more competent EBUS operators 

and their assessment of other derived benefits of simulation training. These benefits especially 

relate to the creation of a controlled educational setting without severe consequences of failures, as 

this removes the procedural learning burden put upon patients under apprenticeship training in the 

initial phase of the education. 

         Secondly, as the CEA only covered the early phase of EBUS education, a cost analysis 

covering the complete education of an independent EBUS operator was conducted to assess 

whether the implementation of the simulation-based ERS program can reduce the total costs of 

educating EBUS operators when compared to the traditional apprenticeship model. The cost 

analysis showed that the simulation-based ERS program on average would provide cost-savings of 

19,544 DKK per educated EBUS operator when compared to the traditional apprenticeship model. 

Thus, even though the traditional apprenticeship model constitutes a hidden expense integrated in 

the daily operation of hospitals as part of procedures that should have been performed anyways, it is 

demonstrated in this thesis that the model is associated with substantial costs resulting from longer 

procedure times and the full-time participation of a supervising physician. Therefore, despite being 

hidden in the daily operation, the costs of the traditional apprenticeship model are substantial, and 

resources can be saved by adopting the simulation-based ERS program in the education of EBUS 
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operators. The cost analysis is based on an evaluation of the simulation-based ERS program, but as 

the estimated cost-savings are driven by a reduction in the number of supervised clinical procedures 

required to become an independent EBUS operator, the results are also likely to apply to other 

similar simulation-based programs that can reduce this number when compared to the traditional 

apprenticeship model. 

         Finally, based on the results of the cost analysis, two budget impact analyses were 

conducted to assess the financial consequences to the Danish society of implementing simulation-

based training in the education of EBUS operators specifically and in the education of specialists in 

pulmonary medicine more generally. An adoption of the simulation-based ERS program instead of 

the traditional apprenticeship model in the education of EBUS operators in Denmark was estimated 

to provide a total cost-saving of 78,177 DKK over a one-year time horizon and 390,887 DKK over 

a five-year time horizon. When generalizing the results of the cost analysis to the education of 

specialists in pulmonary medicine in Denmark in the 11 technical demanding procedures that this 

group of professionals is expected to master in the future, the hypothetical budget impact of 

adopting simulation-based training was estimated to be a total cost-saving of 3,654,798 DKK over a 

one-year time horizon and 18,273,990 DKK over a five-year time horizon. The potential cost-

savings from adopting simulation-based training in the education for EBUS and other medical 

procedures can be reallocated and invested in other interventions and technologies in the healthcare 

sector and hereby contribute to the improved health of patients. 

         To assess the robustness of the results of the thesis to changes in key model parameters, 

various sensitivity analyses were conducted, and the results were generally found to be robust. 

However, the number of supervised clinical procedures required to become an independent EBUS 

operator with the traditional apprenticeship model and the simulation-based ERS program, 

respectively, were major cost drivers, and changes in these parameters affected the magnitude of the 

estimated cost-savings substantially. Further research should therefore be made to establish the 

number of supervised clinical procedures required to become an independent EBUS operator with 

the two programs.  
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Executive Summary 
Simulation-based training on phantoms and virtual reality devices is an innovative and continuously 

developing 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. Even though the 

effectiveness of simulation-based training has been demonstrated across multiple medical 

procedures and specialties, the adoption of simulation-based training in healthcare education has 

been slow and challenging, especially in the education for many of the more complex clinical 

procedures. A contributing reason is likely to be the limited evidence on the costs and cost-

effectiveness of implementing simulation-based training in healthcare education. Most modern 

healthcare systems are under an increasing economic pressure with decision-makers being forced to 

prioritize among competing options under budget constraints, and while simulation-based training 

represents tangible up-fronts costs in the form of participation-fees and high equipment costs, the 

traditional alternative in healthcare education, apprenticeship training, constitutes a more intangible 

and often hidden expense, integrated in the daily operation of healthcare organizations (Drummond 

et al. 2015). 

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, but the analytical scope of the thesis is for practical reasons limited to 

the application of simulation-based training in the education of EBUS operators. The overall aim is 

to examine whether the simulation-based ERS program is economically preferable to the traditional 

apprenticeship model in the education of independent EBUS operators from a Danish societal 

perspective. The preferability of the ERS program is examined by conducting an economic 

evaluation of the program with a dual analytical approach consisting of a cost-effectiveness analysis 

covering the early phase of the education and a cost analysis covering the complete education. 

Building upon the results of the cost analysis, a budget impact analysis is performed to assess the 

financial consequences to the Danish society of adopting the program in EBUS education. 

The results of the thesis suggest that the simulation-based ERS program from a Danish 

societal perspective is both economically and clinically preferable to the traditional apprenticeship 

model in the education of independent EBUS operators. The cost-effectiveness analysis yielded an 

ICER of 226 DKK per additional test score achieved by trainees, indicating that simulation training 

in the initial part of EBUS operators’ learning curve results in more competent EBUS operators 

when compared to apprenticeship training, but this increased educational effectiveness is also 
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achieved at marginally higher costs. However, when examining the costs of the full educational 

programs in the cost analysis, the results showed that the adoption of the full simulation-based ERS 

program in EBUS education on average would provide cost-savings of 19,544 DKK per educated 

EBUS operator when compared to the traditional apprenticeship model. Thus, even though 

traditional apprenticeship training constitutes a hidden expense integrated in the daily operation of 

hospitals as part of procedures that should have been performed anyways, it is in this project 

demonstrated that the model is associated with substantial costs resulting from longer procedure 

times and full-time participation of a supervising physician. By adopting the simulation-based ERS 

program in the education of EBUS operators, the duration of the supervised clinical training is 

reduced when compared to the traditional apprenticeship model and costs can hereby be saved. The 

budget impact analysis showed that an adoption of the simulation-based ERS program instead of the 

traditional apprenticeship model in the education of EBUS operators in Denmark was estimated to 

provide total cost-savings to the Danish society of 78,177 DKK over a one-year time horizon and 

390,887 DKK over a five-year time horizon. Besides the economic impact, the adoption of the 

simulation-based ERS program is also estimated to free time of senior physicians for other tasks 

than EBUS education. When generalizing the results of the cost analysis to the more general 

education of specialists in pulmonary medicine in Denmark, the hypothetical budget impact of 

adopting simulation-based training was estimated to be cost-savings of 3,654,798 DKK over a one-

year time horizon and 18,273,990 DKK over a five-year time horizon. 

The results of this thesis generally show that simulation-based training has the potential to 

result in substantial cost-savings. Besides the economic benefits of adopting simulation-based 

training, other important derived benefits of the approach especially relate to the creation of a 

controlled educational setting without severe consequences of failures, as this removes the 

procedural learning burden put upon patients under apprenticeship training in the initial phase of the 

education. Further research should be made in the cost-effectiveness of adopting simulation-based 

training in the education of healthcare professionals across different medical procedures and 

specialties, and, preferably, specific attention should be on medical specialties with a high number 

of technical demanding procedures in which simulation-based training has a substantial potential to 

reduce the duration of the supervised clinical training. 


