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Burns education: the emerging role of simulation for training healthcare professionals

					      Review


Abstract

Burns education appears to be under-represented in UK undergraduate curricula. However current postgraduate courses in burns education provide formal training in resuscitation and management. Simulation has proven to be a powerful modality to advance surgical training in both technical and non-technical skills. We present a literature review that summarises the format of current burns education, and provides detailed insight into historic, current and novel advances in burns simulation for both technical and non-technical skills, that can be used to augment surgical training. Addressing the economic and practical limitations of current immersive surgical simulation is important, and this review proposes future directions for integration of innovative simulation strategies into training curricula. 
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Introduction

In the UK, burns patients account for about 175,000 emergency department admissions and 15,000 hospital admissions each year [1]. In the USA, acute thermal injuries requiring treatment affect nearly half a million patients each year, with approximately 40,000 hospitalisations and 3,400 deaths annually [2]. Within the last decade, the burn care community has seen an improvement in predicted mortality; this reflects the structured, multidisciplinary approach to burn-injured patients, early surgical excision and wound closure, and general advances in the intensive care of patients [3].  

This emphasises the importance of providing core knowledge of acute burns assessment and management to trainees and healthcare professionals involved in the care of burns patients. From a surgical perspective, the huge physiological shifts seen in the acute inflammatory phase of a burn can be a rich source of information for teaching, because core topics such as “skin physiology”, “metabolic medicine”, “fluid resuscitation”, and “wound healing” can be easily taught around a burns patient, for example as part of a problem-based learning curriculum. Furthermore, the mid- to long-term management of major burns patients can also cover other important core topics, because they require special nutritional, psychological, and rehabilitation needs, all contributory to the multidisciplinary team approach to patient care. Burn-related injuries and associated phenomena can be encountered in numerous clinical specialties including emergency medicine, plastic surgery, trauma, dermatology and general practice, and methods to better integrate this more widely into the curriculum should be sought.

This article will begin with an overview of current burns education within undergraduate and postgraduate surgical curricula in the UK, followed by an account of important advances in burns education nationally and internationally.  Particular focus will be attributed to novel simulation strategies, related technological advances and future horizons in burns education. We will aim to engage the reader in surgical education as a discipline, and burns education as a niche to be targeted, highlighting future avenues to optimise burns education.  

Undergraduate training

In 2008, a U.K.-based survey of 31 medical schools found that “burns” was not explicitly mentioned in any of the core curricula; however, all medical schools allowed their students to select a special study module or elective in burns [4]. Furthermore with the centralization of burns services nationally and the development of “Regional Burn Care Networks,” some medical students may never rotate through a burns unit if it is not part of their university or peripheral hospital placements, but may face involvement in burns management if they subsequently work in emergency departments. More recently a cross sectional study, involving final year medical student representatives from 29 UK medical schools found that only 13% of undergraduate curricula provided structured burns teaching, with a maximum of 4h allocated over the entire duration of the degree [5]. In addition, a study of randomly selected final year medical students (244 of 300 students responded) from 23 UK medical schools found that only 45% of medical schools provided formal burns education [6]. This data highlights that there is an under provision of burns education in the undergraduate curriculum, which should ideally be addressed in order to improve knowledge and confidence, to better enable future graduates in managing burn injuries. 

Postgraduate training

In the UK, there are only two short currently available postgraduate courses that address burns management and involve simulation scenarios; namely the Advanced Trauma and Life Support (ATLS) [7], which lasts 3 days, and the Emergency Management of Severe Burns (EMSB) [8], a 1-day course for all healthcare professionals involved in burn care. Globally, the most prominent and available course program available is the Advanced Burn Life Support (ABLS), approved by the American Burn Association [9]. There are 3 ABLS option programs: a hands-on “live” simulation course, a convenient on-line resource, and a comprehensive handbook [9]. 
Burns simulation is also an integral part of a UK-delivered distance learning Masters degree provided by Queen Mary, University of London [9]. 

Advanced Trauma Life Support (ATLS) 

The Advanced Trauma Life Support (ATLS) course for doctors teaches a systematic, concise approach to the early care of the traumatised patient [7]. Developed and backed by the American College of Surgeons nearly 40 years ago, ATLS is vital to guiding care for the injured patient in the emergency department (ED), and its principles are applicable to any trauma scenario. Its training provides “a common language” that can save lives in critical situations and has now been adopted in over 45 countries worldwide, with the Royal College of Surgeons of England providing it in the UK. ATLS covers the majority of critical trauma scenarios in adults and children, and also addresses the variation in trauma management in specific population groups (e.g. the elderly and pregnant women). 

Within the course manual, “burns” (referred to as “thermal injuries”) spans an entire chapter.  The course consists of lectures, skills stations in small groups, as well as simulations of which several are contextualised. Final assessment takes the form of an end-of-course “moulage examination” (simulated trauma scenario) and a written multiple choice question test, both of which must be completed satisfactorily in order for candidates to become ATLS-certified. 

Emergency Management of Severe Burns (EMSB)

The EMSB training course was originally developed by the Australian and New Zealand Burns Association and has also been adopted by the British Burn Association [8]. EMSB is a 1-day course, targeted at doctors, nurses and allied healthcare professionals involved in burn care and its main aim is to effectively deliver the principles of the overall acute management of severe burn victims, including first aid. In addition, more specialised components of burn care are taught, such as paediatric burns, as well as chemical and electrical burns. The course format usually begins with lectures in the morning covering a wide range of burns topics. Thereafter, in small groups, participants are trained in several skill stations, such as wound surface area and depth estimation, as well as airway management. The afternoon session begins with interactive group discussions to include topics such as paediatric burns and the poly-trauma burn patient. The practical design of the training emphasises the ATLS “ABC” approach and the course ends with a written multiple-choice question test and a practical examination using simulated patients. Both components of the test must also be passed in order for candidates to be considered as EMSB-certified. 

Higher degrees

Higher degrees generally require dedication, commitment and financial resources, and are usually available to the multidisciplinary team involved in burn care (surgical/plastic surgery residents, nurses and physiotherapists). Currently the only dedicated burns MSc programme available internationally is that provided by Queen Mary University of London, UK [9]. This 2 year part-time course provides an integrated, in-depth coverage of clinical burns, with and following a recent collaboration with Imperial College London, offers clinical simulation opportunities using high fidelity simulation. It must not be forgotten that fellowships available for residents at the end of their training provide sub-specialisation expert knowledge and skills for senior clinicians, whereas the focus of this review is on generic education available to the multidisciplinary team at all levels. 


Burns knowledge amongst healthcare professionals 

Interestingly, the Dutch Burns Foundation explored the basic knowledge and performance of medical staff (doctors, nurses, and paramedics) in the emergency management of burn victims [11]. They assessed the value of prior EMSB training by measuring participants’ performance (those with prior EMSB experience vs. those without) in a simulated online (e-learning) burn incident. Only fourteen percent of participants had completed EMSB, but 78% had completed other forms of “life support training”, such as ATLS. The results highlighted that participants who had completed EMSB training showed a better theoretical knowledge of treatment protocols in several areas (such as burn depth estimation, and referral criteria), and performed better in several aspects (e.g. mentioning hypothermia as a focus of attention, correct use of hand size to estimate total body surface area (TBSA) when treating the simulated burn victim, as compared to those without EMSB training. However, both groups for example, over-estimated the TBSA and lacked knowledge of the correct/specific formulae for fluid resuscitation. The authors concluded that both groups of participants demonstrated a need for additional training in burns resuscitation, or EMSB related principles. 

Under- or over- estimating the TBSA involved and/or miscalculating the required fluid resuscitation protocol can result in inappropriate fluid amounts infused, with possible deleterious effects to patients. There is also further data to support a lack in specific burns knowledge, in smaller units that are obliged to refer burn cases to tertiary centres. A recent study in the USA examined the extent to which national criteria were observed within a regional burn network by examining hospital discharge data for 2008 for all hospitals within the South Florida regional burn network [12]. It was found that inappropriate burn patient triage was occurring to more than half of the burn patients within the regional burn network; a lack of knowledge regarding triage criteria may have been a contributory factor. In a recent UK evaluation of pediatric tertiary burn referrals, it was found that the majority of patients’ (70%) burns TBSA were over-estimated by referring units, and patients tended to arrive with less fluid infused, than prescribed [13]. The estimation of TBSA and fluid requirements is critical for optimal patient outcomes and in reality happens in emergency conditions; preparing a team using novel simulation strategies would provide a promising way to target skill deficiencies for healthcare personnel involved in acute burn care. By improving the content and delivery of the provision of education to front line staff, who provide burn care management, it is hoped that this will translate into improved clinical outcomes. 


Simulation and burns education

Simulation is the process of “reproducing” one or more aspects of the working environment. In surgical education, effectively this is an instructional process that substitutes clinical or surgical encounters with artificial models, live actors, virtual reality patients or a combination thereof [14]. Simulation has proven to be an excellent adjunct to surgical education, offering a safe environment where learners can repeatedly practice a range of clinical skills without endangering patients [14]. In fact simulation has become one of the pillars of modern day medical education, embracing a vast spectrum of materials and technologies. This includes bench top models (e.g. foam for suturing), virtual reality simulators (e.g. computer-programmes for arthroscopic skills), cadaveric tissue (e.g. for bowel anastomoses), box trainers (e.g. for laparoscopic skills), live porcine models (e.g. for arterial anastomoses) and simulated patients (e.g. for communication and interpersonal skills).  The following section will elaborate upon a few advances in the field of burns education within the context of simulation. 

Bench top models

There are a few interesting published benchtop models in burns surgery. In 1999, Watt et al produced a low-cost technique using water and Microfoam tape for harvesting split-thickness skin [15]. Similarly, in 2002, Cubison and Clare used lasagna sheets and water/oil to simulate donor site skin [16]. In 2004, Bennett et al assembled an acrylic pole (simulating bone), circumferentially wrapped in composite foam (simulating deep tissue structures), wrapped in porcine skin (simulating human skin) to represent a limb for split thickness skin grafting [17]. These models were described as being a realistic approach to learning core surgical skills in a simulated environment; however no quantitative data to explore skill acquisition is available for these models. More recently in 2015, Gallagher et al [18] validated a simple yet effective model for tangential excision of burn wounds. The model was created using foam, mineral oil, and a base, and participants (both experts and novices) were asked to excise within “marked rectangles” to explore their technical ability. Foot et al [19] describe a “simulated chest wall”, which can be attached to a mannequin, in order to simulate a chest wall burn that requires escharotomy. It takes about 30 minutes to prepare, and consists of foam pads, a yellow-hazard bag, steridrape/tape and artificial blood. By strongly adhering it together, upon incision, a sensation of “release” is observed, simulating what happens in a real escharotomy. There are also models applicable to anaesthetic trainees that have been developed. A recent study explored the cricothyroidotomy times in slim necks, morbidly obese necks and obese necks with burns [20]. They found significantly greater technical difficulty with morbidly obese necks, and highlight the importance of preparing anaesthetists with more challenging scenarios via simulation. 

It is important to appreciate how such bench top models can improve the ability to perform such practical skills. The potential underlying educational theories underpinning the development of practical skills has been explored in a review by Sadideen and Kneebone [21]. Miller introduced his famous “hierarchical” triangle of four levels, where from base to pinnacle one “Knows”, then “Knows how”, then “Shows how”, before reaching the final stage of “Does” [22], delineating the components of developing competence. In each step towards competence, the trainee progresses through the necessary cognitive and behavioural steps that underlie the next step, building the knowledge that ultimately underpins the execution of a specific skill. This triangle appears to assume that competence predicts performance. It is well known that other workplace factors may also hinder task execution, representing challenges to every-day learning.  Rethans et al [23] have thus proposed a modification to Miller’s triangle, “The Cambridge Model”, taking such factors into consideration, distinguishing competence from performance. Using certain simulators for assessment purposes (i.e. to assess psychomotor and technical aspects) require the development of construct validity [18]. However, it must be noted that with the increased complexity of the simulator (i.e. the greater its engineering fidelity), its use as an assessment modality may require more robust validity tests.

Information technology

As early as three decades ago computer models have been used to simulate treatment of a burn patient, focussing on fluid resuscitation and haemodynamic monitoring [24-27]. Interestingly, there have been advances in the scope of the use of information technology to simulate aspects of our understanding of burn care. Chang et al [28] simulated the velocity and temperature distribution of inhalation thermal injury in the upper airway in humans using computational fluid dynamics. Cervical computed tomography images (in order to capture the upper airways) of three Chinese adults were used to produce three-dimensional models. Via a sophisticated approach of assessing temperature, they found that the maximum velocity peaked in the lower part of the nasal cavity and then decreased with air flow. The velocities in the epiglottis and glottis were higher than those in the surrounding areas. They found the maximum airway temperature decreased from the nasal cavity to the trachea. The use of a three-dimensional virtual reality model has also been described for burn reconstruction (free flap planning for the upper limb in an electrical burn injury) [29]. In addition, there have been major advances to aid clinicians in the resuscitation environment with regards to instigating initial resuscitation fluids to patients. These include computer-aided methods as described by Giretzlehner et al [30], and smartphone applications [31,32] such as the “Mersey Burns App” which can be used to facilitate quicker and more effective calculations than the standard paper-filling of a Lund-Browder chart [33]. Smartphone device use amongst the general population and health care providers has been on the rise [34]. These apps also deliver portable and convenient methods of education for clinicians and patients [35]. With their increased use, caution must be exercised to avoid pathogen transmission [36] which can be particularly detrimental in burn wounds, in addition to the care of adhering to guidance and regulation, with particular attention to ethical and medico-legal concerns [37]. 

Scenario training

Recreating the working environment where multidisciplinary teams interact, such as that of the simulated ward, has been shown to provide a powerful learning experience for trainees, allowing learners to examine their roles within a team. The creation of a realistic environment 
can also increase the psychological fidelity of scenarios when using higher level simulators. Poor validity is associated with lack of realism. However no single level of realism will meet all simulation and hence educational needs. If simulation is to engage with the richness of the clinical experience, it must somehow address aspects of the richness and complexity of a true clinical experience [14]. The development of technical skills is important, but the development of non-technical skills is as crucial. In fact, 60% of adverse events in the operating theatre are caused by teamwork failures, rather than technical skills. 
Recently the concept of “The Burns Suite” (TBS) has been described comprising a simulated, portable, immersive, authentic resuscitation environment (resembling the resuscitation room in the ED) and an authentic, comprehensive resuscitation scenario [38]. TBS comprises the portable “igloo” which contains tangible products (such as equipment trolleys), background “props” and “noises” (to create the feel of a real ED resuscitation room), a simulated patient with burns make-up, and a real case-based scenario. By specifically making both the environment and scenario feel very real, and attempting to replicate activities in “real-time”, participants (both experts and novices) felt that this experience was authentic and effective for training purposes. 

More recently, simulation-based team training has recently been shown to improve teamwork and clinical efficacy in surgical education and can also lead to increased motivation and explicit transfer of knowledge [39,40]. TBS was also shown to be effective for interprofessional and teamwork training [41]. The learning objectives in such scenarios should focus on enhancing interprofessional knowledge and behaviours, such as communication, coordination and leadership. By training to enhance teamwork and leadership, clinicians can provide improved multidisciplinary care. With a better understanding of the theories underpinning simulation interprofessional education and leadership, future multidisciplinary simulation scenarios can be designed to provide unique educational experiences whereby team members will learn with and from each other in a safe, controlled environment [42]. Hopefully this will translate to improved care.

Directions for the future of burns education

The importance of targeting burns education is pan-Atlantic, and does not only affect the UK;  the American Board of Surgery no longer requires burn experience during the training of surgical residents (only burns knowledge is needed) [43]. 
Education in burn care can be divided into components that include surgical education, inter-professional education and mentorship, as described by Shahrokhi et al [44]. Internationally there have been important advances in burns education from all fronts, namely technical skills, non-technical skills and information technology. Developing advanced simulated burns education modalities offers many possible opportunities within healthcare education. A concerted effort by healthcare providers at an international level is required to establish a strong pillar for burns education. Training healthcare professionals from the entire multidisciplinary team could be incorporated into established courses and programmes.  This would create an immersive learning experience, increasing simulation engagement, particularly in light of our greater understanding of educational theory [21]. There may also be a role for the simulated patient to contribute in the assessment of the participant, particularly in terms of nontechnical skills [45]. 

Of note, virtual reality (VR) programs are rapidly evolving in surgery. A randomised control trial found that laparoscopic surgical skills could be improved in a clinically relevant manner using proficiency based VR simulator training [46]. A recent Cochrane review in ear, nose and throat (ENT) surgery supported the introduction of VR into surgical training on the basis that the technical skills acquired by VR methods are as good as, or better than, those learnt through conventional training [47]. However, none of the studies evaluated whether such VR training influenced non-technical skills or patient outcomes.  
With the continued development of computer software, graphics and haptic devices, training surgeons with VR technology will provide a novel approach to surgical simulation.  Currently there are no studies in the literature to assess the role of VR in burns education. Extrapolating the current success of VR in surgery, one may propose that VR programs in the form of technical and non-technical skills can be developed to specifically target simple and complex burn-related injuries and their management. This would require a unified platform of training needs to be established, and specific attention to develop studies to assess the impact on training, patient outcomes and cost-effectiveness. 
 
Current burns courses are valuable for acquiring basic burns management skills, but may benefit from adopting the novelties of TBS, for example, or the use of smartphone applications within a moulage. This would offer a powerful approach to integrate a range of technical and nontechnical skills in a realistic setting. TBS may offer a solution to providing rehearsal for burns resuscitation in a low-cost, mobile environment, particularly in our climate of financial austerity, where previously it was believed this could only be achieved in high-fidelity simulation centers. The acquisition of surgical skills can be considered more complex than mastering basic motor skills alone, partly because of the greater degree of cognitive involvement required. An expertise-based approach for surgical training, however, has great potential for new approaches to surgical skills education, with expert performance
as the benchmark [48]. 

Introducing high validity and fidelity simulation in a coordinated and effective manner will require a multidisciplinary approach involving surgeons, trainees, educationalists and other healthcare professionals, working together to ensure that a rational, affordable syllabus of simulation is integrated into training programmes. It would be prudent to integrate a variety of validated models (benchtop, IT and scenario-based) so as to maximise education delivery as required, bearing in mind this may be limited by  resource availability, infrastructure and financial constraints. It may also be useful to embrace scenario training for both technical skills (e.g. TBSA calculation and fluid instigation) and non-technical skills (inter-professional and leadership skills in emergency time-pressured situations). By understanding the range of modalities available, and remaining abreast of updates, integration at both undergraduate and postgraduate levels may enable us to deliver high-fidelity training to compensate for reduced working hours. Such opportunities should be used to augment rather than replace clinical learning, in order to enhance the learning experience and ultimately patient care.
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