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Abstract

Introduction 

Despite evidence demonstrating the advantages of simulation training in general surgery, it is not widely integrated into surgical training programmes worldwide. The aim of this study is to identify barriers and facilitators to the implementation and uptake of surgical simulation training programmes.

Methods

A multinational qualitative study was conducted using semi-structured interviews of general surgical residents and experts. Each interview was audio-recorded, transcribed verbatim and underwent emergent theme analysis.  All data was anonymized and results pooled.

Results

A total of 37 individuals participated in the study. 17 experts (Program Directors and Surgical Attendings with an interest in surgical education) and 20 residents drawn from the United States, Canada, United Kingdom, France, and Japan were interviewed.

Barriers to simulation-based training were identified based on key themes including financial cost, access and translational benefit.  Participants described cost [89%] and access [76%] as principal barriers to uptake.  Common facilitators included a mandatory requirement to complete simulation training [78%] and on-going assessment of skills [78%]. Participants felt that simulation training could improve patient outcomes [76%] but identified a lack of evidence to demonstrate benefit [38%].  There was a consensus that simulation training has not been widely implemented [70%].  

Conclusions

There are multiple barriers to the implementation of surgical simulation training programmes, however, there is agreement that these programmes could potentially improve patient outcomes.  Identifying these barriers enable the targeted use of facilitators to deliver simulation training programmes.  

Introduction

Residents are required to experience and learn new procedures to attain competency and eventual expertise, without the same exposure to patients during training that their predecessors may have enjoyed. 1 Patient safety is paramount in the delivery of a modern-day healthcare service and modern training methods for surgery have undergone a paradigm shift in recent decades.  The environment in which residents are expected to train has changed in terms of restricted working hours, loss of team based structures, multiple handovers and frequent rotations between different hospitals.  2 The traditional model of Halstedian training associated with surgical training cannot be implemented in this new environment and is ineffective as apprenticeship is no longer uniformly practical. 3, 4
There is an abundance of literature demonstrating the potential efficacy of modern training methods, which include simulation training, non-technical skills training, mental rehearsal and coaching. 5, 6, 7, 8 Studies have shown improved performance following the use of simulation training and additional adjuncts to conventional training, yet aside from the Fundamentals of Laparoscopic Surgery course in the United States, broad integration of simulation training on an international basis is limited. 9 Historically, the impact of simulation training on practical skills has been explored and has been shown to shorten learning curves during the early stages of training in a new procedure.  Researchers have observed significant improvements in the time taken to perform a procedure, improved pace of movement and confidence. 10, 11, 12 

Despite the evidence showing the advantages of simulation training, there has been limited research exploring the direct impact of simulation training programmes on actual clinical performance.  Surrogate markers of performance, such as procedure times and economy of movement, have been used previously.  Several studies have been conducted during the early stages of junior doctor training to explore the value of this.  These have consistently demonstrated improved clinical performance following a simulation training intervention.  13, 14, 15 

The limitations to implementation and integration of simulation training have not yet been fully explored in the literature.  Some have cited various factors including costs and resource availability yet these have not been formally assessed. 16 High uptake costs are often cited for the lack of simulation curricula; the cost of high fidelity simulators can range from hundreds to hundreds of thousands of dollars. 17 There is also an additional cost due to the requirement for a dedicated faculty with contemporaneous dedicated training time for residents.  Healthcare costs are also increasing due to evolving treatments and an ageing population.  Funds allocated to surgical training have been diminished during a period of financial austerity and so the cost of implementing a simulation-training curriculum needs to be strongly justified. 19 

To our knowledge, there have been no studies performed to determine the perceptions of trainers and residents on the barriers to the implementation of structured simulation programmes in general surgical training and what can be done to improve both uptake and implementation.  

The primary aim of this study was to identify perceived barriers and facilitators to the uptake and implementation of simulation-based training.  Definitions, experience and perceived value of simulation-based training in general surgery were also explored. 

Methods

Participants and setting
Convenience-based sampling of experts, who were specified as surgical attendings with final specialty board credentials, and residents (trainees) from the specialties of General and Vascular Surgery were contacted via email for recruitment into this study to include the views expressed by key stakeholders in surgical training.  Both experts and trainees had varied levels of simulation training experience ranging from none to heads of school and recruitment was not restricted to centres with dedicated simulation training units to give a representative sample.  Non-training grades were excluded from the study.  Non-training grade refers to doctors that are employed by the hospital and not enrolled on to a local or national training program in surgery.  A total of 12 different training programmes were captured at either trainee or expert level.

Participants were invited via email or in person from the United Kingdom, United States, Canada, France and Japan. Participants were given a 1-month window to confirm participation in this study.  Data collection ceased when thematic saturation was reached.   

Study procedure
A semi-structured interview topic guide was developed by the research team and piloted prior to use with six clinicians and researchers (Appendix 1). Trained patient safety researchers with a background in surgery individually interviewed participants. Key topics that were explored included identification of perceived barriers and facilitators to the uptake and implementation of simulation-based training.  Definitions, experience and perceived value of simulation-based training in general surgery were also explored.

Interviews were conducted by a single researcher and took place between November 2015 and February 2016. Interviews were conducted in-person, via videoconferencing or on the telephone and lasted between 15−50 minutes.  These were audio-recorded and then transcribed verbatim and participants were offered the opportunity to review their transcript at the end of the interview if they wished to do so. 
Approval for this study was granted by the local research ethics committee (15SM2849). Informed consent was gained from all participants before interviews were conducted.

Data analysis

Interview transcripts were checked for consistency and completeness with the original recordings. Three researchers with a background in surgery and patient safety developed a coding framework after a period of reading and re-reading of the transcripts to ensure adequate immersion in the data. Transcripts were finally subjected to emergent theme analysis with interviews ceasing when saturation of themes was achieved.  Thematic saturation was identified as the point at which no further new themes were identified during the analysis.25

Assurance of Qualitative Rigor

Quality guidelines for qualitative research were strictly observed throughout this study, using a clear and transparent data collection and analysis protocol. 20 All interviews were transcribed and coded by independent researchers.  Disparities between coders were resolved by a third researcher with final coding achieved by consensus. 

Results

Study Participants

A total of 62 invites were sent with a participation rate of 59.7%.  A total of 37 participants (17 experts and 20 residents) successfully completed a semi-structured interview.  The expert group comprised of senior surgical attendings and/or programme directors in surgery and simulation training.  Participants were recruited from the United Kingdom (n=28), United States (n=5), Canada (n=2), France (n=1) and Japan (n=1).  Participants from the Residents were recruited across all stages of training (PGY 1-5) to ensure a representative sample (Table 1 & Appendix 2).  

Experts and residents from each group were interviewed to obtain detailed views from both perspectives. The differing numbers of participants in each professional group reflect the sample size required to reach thematic saturation, respectively.

Data analysis

In the following sections, data relating to key themes are summarized and illustrated with verbatim quotations: E = expert and R = resident participants.  Factors were explored with a focus on simulation training in general surgery (Table 2).

Definitions of Simulation Training and Experience within Surgical Training Programmes
Definitions given by both groups were often broad: “It’s being put into a situation or performing a procedure or skill in as life-like conditions as possible to prepare you for that happening in real-life.” (13R) 10 participants identified training in a patient-free environment within their definition (E=3 and R=7): “I think simulation training would involve the use of either high or low fidelity models to recreate the clinical experience without directly utilising patients in the care setting.” (6R)

Most participants (84%) had gained experience of simulation training through courses (E=12 and R=19): “So my experience of simulation training has mainly been on formally organised courses such as Advanced Trauma Life Support Basic Surgical Skills, Care of the Critically Ill Surgical Patient course, resident and laparoscopic skills courses.” (13R) 
Participants also described exposure to simulation in different environments and capacities, however, there was a lack of integration into surgical training programmes: “I’ve not been in any clinical placement where simulation training has been part of our clinical training [programme].” (3R) 

The Value of Simulation Training in General Surgical Training

All experts and most residents (92%) felt that simulation training was useful in general surgical training and a variety of opinions given for this: “Well anecdotally yes… colleagues have told me that they’ve taken residents through specific procedures and found them to be quite good at them to only realise later that they had only practiced them with simulation.” (8E) The impact upon patient safety was also described: “I think surgery is definitely a major application for that [simulation training] because residents don’t really have access whilst they are primarily in their residency [programme] so there is a need here to increase patient safety and reduce learning curves for laparoscopic surgery especially.” (6E)

Some participants identified the value but felt that simulation training could be used as an adjunct: “Yes I do, but I don’t think it’s any substitute for real-life experience with patients.” (13E) Yet other participants felt that simulation training should be mandatory: “I just think it’s pretty shocking that it’s not mandated [in the UK] as a routine part of our training. It just takes you a second to think back and think if I’m a patient and I could choose between someone who has done that and someone who hasn’t. So it just passes that immediate test of why on earth I would just think it should be done already but it’s just not.” (3R)

Simulation Training and the Effect on Patient Outcomes
Most participants (97%) felt that simulation training can or could improve patient safety (E=14 and R=14).  One expert cited the changing learning environment as a reason: “The days when people are just left to get on with things without appropriate supervision are gone obviously and I think that would have had the biggest impact on safety.” (10E)
Although simulation training may increase surgeon confidence, the views on the potential impact on patient safety remains unclear: “I think it helps with your own technique and building up your confidence.  Whether that translates to patient safety or improved patient outcomes, I can't say for sure.” (1R)
The value of simulation-based training for unfamiliar clinical scenarios was highlighted: “Simulation training puts residents in [clinical] situations that they wouldn’t be exposed to.” (2R) Another resident suggested a role for simulation-based training for a refresher period for time away from general surgical training: “I think it is pretty key, an extremely useful role for those who have taken time out for clinical training especially, either in research or maternity leave or sickness… it will allow the consultant to assess your ability before you go in to do it on a patient, and they know you’ve rehearsed it.” (19R)

Implementation of Simulation Training in General Surgery

Experts and trainees differed in their views on the extent of the implementation of simulation training (E=9 41% and R=17 85%). Some participants highlighted the geographical variation that exists: “Well I would say I’ve had the benefit of working in two different deaneries and in one there wasn’t really any simulation, but moving over to the other there seems to be a lot more opportunity at a simulation level where in my previous deanery the teaching was very didactic, rather than very hands-on clinical stuff.” (8R)
Residents described the difficulties encountered when engaging in the process of using simulation for training: “I think most deaneries have access to a training facility of some description.  Whether it’s widely used and implemented is a different issue all together.” (12R)
Some experts felt that use of simulation training had been increasing in recent years (E=3): “I think that simulation training has certainly been, the attention to and access to simulation training [in the US] has definitely been rising.” (9E)

The Barriers and Facilitators to the Implementation and Uptake of a Simulation Training Programme

The most frequently cited barriers to the implementation of a simulation-based training programme were cost (E=15 and R=18 89%), practicality (E=13 and R=14 73%) and available time as a participant or faculty (E=7 and R=12 51%).  Cost at an individual level was highlighted more frequently by UK residents (R = 14).  The perceived barriers were multifactorial (Table 3). Experts (77%) felt that a structured simulation training programme would be a cost effective surgical training tool, whilst only half of the resident cohort felt that this was the case: “Absolutely, if it’s well done. It takes only a small complication to run up a huge hospital bill and that’s not counting the huge socio-economic and mental impact on everybody.” (1E) One participant highlighted that a net cost reduction could also act as leverage to facilitate uptake of simulation training: “Either you’re saving the health service or relevant other body a substantial amount of money or you’re improving the clinical outcomes. If you can prove either of those things, then you’re a winner” (11R)

78% of participants felt that mandatory use of simulation training as an assessment tool and training requirement would be an effective facilitator but not without limitations (E=12 and R=17): “I think if simulation training is in the national curriculum for surgery [in the UK] and it stated that residents need to have had some simulation training before operating and to pass [tests] on a simulator, then every deanery would have the responsibility to fulfil that requirement for residents, but as I understand it that isn’t currently a requirement.” (8R)

Collaboration with other centres was a facilitator that was frequently mentioned by both groups (E=7 and R=9) as a means of combining experience and facilities: “I think there is certainly [value], the sky is the limit in terms of collaboration and some large projects here in the United States have shown that multi-centre collaboration based studies are certainly the way to collect and to do effective simulation research into advanced ideas...” (9E)

The Structure of a Simulation-Based Training Programme and Organisational Responsibility

Many participants felt that programme structure should be centre based (E=14 and R=16 81%) and use a mixture of single tasks and procedures for training (E=11 and R=16 73%): “You would probably get more from it if it was centrally-based at a centre that was doing it again, and again, and again and had time to do it properly. That’s probably a better way of doing it.” (13R)

Awareness of the value of both technical and non-technical skills simulation training existed but some participants did not immediately recognise that these were within the remit of simulation training.  Upon explanation, the value of each relative to the other was explored further (Table 4).

Most participants (81%) felt that the general surgical training board should be responsible for overseeing regional training centres with regards to the implementation of a structured simulation training programme (E=14 and R=16): “Well the National Surgical Training Board [would have overall responsibility] by definition, but I would say the overall Programme Directors to enact [and deliver simulation training] at a local level.” (16E)
A proportion of participants (22%) felt that the wider healthcare group (medical insurance or healthcare funding providers rather than the training organisations) should be responsible (E=3 and R=5): “It would be nice to see a national organization do it because obviously we are nominally employed by them, but the reality in terms of training so far [is that these] national organizations don’t really provide much in terms of training so far so who should it be and who would it be are two different questions in my opinion.” (15R)

Linking Performance with Simulation-based Metrics 

Experts felt that the value of evaluating performance metrics through simulation training was of variable clinical value (E=13 77%) whilst residents felt that performance could be evaluated in such a way (R=12 60%): “I think that’s ultimately where things are going to go, the question is how long it will take to get there?” (6R)

The role of the value of understanding the metrics as a factor was also suggested: “So the question is ‘what are the right things we should be looking at?’ I think that’s what’s going to demonstrate the utility of simulation is figuring out what’s the right thing we should be looking at.” (8R)
Most experts felt that there is a role for simulation training in assessing competency, however residents were less confident in this as a process (E=13 and R=9 56.8%): “Honestly, they should do that for surgery, but that’s going be a long time coming. People are going to defend [against] that pretty ferociously.” (5E) 
Residents also expressed similar views: “By the time you’ve reached consultant level you’ve already demonstrated the appropriate operative abilities and I think there are appropriate safeguards in place in hospitals to pick up surgeons who are not operating to the level that they should be.” (11R) 
Some residents had suggested the value of simulation-based training in establishing baseline surgical competency: “Yeah. I think there is a role for establishing a basic level of skills and competency of a procedure in that setting, whether that would transfer to whether they’ve maintained that skill over to recertification then, like I’ve said, in training definitely.” (13R)

Discussion

Despite an awareness of simulation-based training, implementation into training programmes is not perceived as widespread.  The identified barriers include cost, practicality and motivational aspects.  Cost can be institutional or personal and the most frequently reported experience of simulation training has been on courses.  These can incur high personal and institutional costs.  Despite the expected expenses associated with high-fidelity equipment, cheaper low fidelity simulators exist. There is almost universal acceptance that simulation training would help to improve technical skills and confidence yet these are not perceived as being widely implemented as a structured part of general surgical training. 16 Logistical factors have a consequential effect on motivational factors and this also affects the perception of the potential value or use of simulators.

Aside from directly identifying the barriers to simulation training in general surgery, key facilitators were highlighted.  Mandatory training imposed by National Surgical Training Boards in general surgery would include the use of simulators as an assessment tool with oversight by the specialty board and direct implementation by the deanery/training centres, particularly outside of the United States.  Although simulation training facilities would ideally be located at all hospitals, there is acceptance that this would neither be cost effective nor practical and a centre-based approach would be an acceptable method.  
The perception of simulation training, particularly by residents, still lies largely in the domain of technical skills development.  Experts more readily identify the role of non-technical skills simulation training than residents. This highlights the fact that there may be a lack of awareness of the value of non-technical skills training from the point of view of trainees, who may well be focussing on the acquisition of technical skills. 
There are several methodological strengths to this study, which reinforce the robust nature of the results.  This is the first study to qualitatively identify the perceptions held by key potential users and trainers of structured simulation training in general surgery, not limited to simulation training experts. The sample included several international locations of a similar health care demographic, which allows for the findings to being extrapolated to the wider user group.  There was geographic variability within participants recruited from the United Kingdom and the United States which allowed for consideration of the views held by participants in both areas with developed simulation training units and those without.
This study has several limitations.  The participation ratio of the Training Program Directors was demonstrably lower than any other group invited to participate and this must be taken into consideration.  This may be attributed to a lack of time available to contribute to the study or possibly due to a reduced perceived value of simulation training in general surgery by this group. Patients were not included in this study because it was beyond the predefined remit.  A further study to specifically examine their views on this important subject is required. 
More complex aspects such as management- and budget-level constraints are unlikely to be appreciated fully by trainees, however, if we are to understand barriers to change then numerous aspects of health care have already taught us the importance of involving all stakeholders rather than only expert opinion.
Furthermore, the study included participants from developed countries and so the findings may not be applicable in resource-poor or very rural settings.  The differences in training systems across the countries may also act as a confounder.
As the study was primarily based in the United Kingdom, the findings largely represent the views held by both trainees and experts in this region and therefore the results may not be fully generalizable to other regions. However, the inclusion of participants from multiple countries across the world allowed broader views to be collected and add value to the data.
The findings of this study have several implications. The first is that the awareness of the translational benefits and cost-effectiveness of a structured simulation training programme needs to be established.  There have been several studies investigating the costs of simulation training and the value of low versus higher fidelity simulation training tools yet there has been only limited work to demonstrate the absolute cost effectiveness of such interventions in terms of costs derived from actual clinical outcomes.  17, 18, 26
The cost-effectiveness of any novel training intervention should be considered at the time of introduction, alongside its efficacy.  Demonstrable cost-benefit is vital to attract investment from healthcare providers to establish structured simulation training programmes.  Potential savings may well offset the cost of implementing a structured simulation programme in general surgery by shortening procedure times and allowing better patient outcomes in the future. This is a long-term goal in the often short-term focussed area of healthcare.  Additionally, there has been only one study published that demonstrates any potential correlation with clinical outcomes and there has been a wide call to surgical educators to further explore this. 22, 23
Whilst these factors may be difficult to explore they should be addressed as the value of simulation training from an educationalist perspective is largely accepted and gaining evidence to support this could provide pivotal momentum to improve implementation. 24
Conclusion

This study has demonstrated that although there is awareness of simulation-based training, utilisation is not perceived as being widespread and the potential merits of it may not be properly understood.  Cost, practicality and motivational factors are perceived as the main barriers whilst the potential impact upon outcomes and improved patient safety using simulation training may serve as powerful facilitators to uptake.  

There have been advances in the field of simulation training in terms of validity and training models, end-users do not believe that the wider uptake of simulation-based training programmes has occurred.  Little research has been done to explore the reasons for this and further directed research is needed to address the factors identified by this study to facilitate simulation training in general surgery.
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