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Abstract
Background: This review aims to systematically evaluate the currently available evidence investigating the effectiveness of simulation-based training (SBT) in emergency obstetrics care (EmOC) in Low- and Lower-Middle Income Countries. Furthermore, based on the challenges identified we aim to provide a series of recommendations and a knowledge base for future research in the field.
Methods: A systematic database search was conducted of original articles that explored the use of simulation-based training for EmOC in LMIC in EMBASE, MEDLINE, Cochrane database and Google Scholar, from inception to January 2022.
Results: The literature search identified 1,957 articles of which a total of 15 studies were included in this review, featuring 8,900 healthcare professionals from 18 countries.  The SBT programmes varied in the reviewed studies. The most common training programme consisted of the PRONTO programme implemented by four studies, comprising of 970 participants across four different countries. In general, programmes consisted of lectures, workshops and simulations of emergency obstetric scenarios followed by a debrief of participants. There were thirteen studies, comprising of 8,332 participants, which tested for improvements in clinical knowledge in post-partum haemorrhage, neonatal resuscitation, pre-eclampsia, shoulder dystocia and sepsis. All the included studies reported improvements in clinical knowledge following the simulation of scenarios. Changes in teamwork, improvement in leadership and in communication skills were also widely reported.
Conclusion: The use of SBT programmes is not only sustainable, feasible and acceptable in LMIC, but also improves clinical knowledge, communication, and teamwork among healthcare providers, thus directly addressing the UN Sustainable Development Goals


Introduction
Globally, over 295 000 deaths occur as a result of pregnancy and childbirth-related complications (1). An estimated 94% of all maternal deaths fall disproportionately in low- and low-middle income countries (LMIC) (2).  Reducing maternal mortality and preventing avoidable complications during pregnancy and childbirth continue to be one of the foremost objectives of the United Nations and World Health Organisation (WHO) set out in the Sustainable Development Goals 3.2 (3). Most of the avoidable deaths are associated with obstetric emergencies such as postpartum haemorrhage, sepsis, delayed labour, and hypertensive disease of pregnancy, and their management (4). The determinants of maternal mortality in the low resource setting are multifactorial and can be categorised by Thaddeus and Maine’s three delay model that described common barriers to obstetric care (5). The factors are defined as a delay in 1) deciding to seek care, 2) access to appropriate health facilities, 3) receiving adequate emergency obstetric care (EmOC) within the health facilities (5, 6). Research from high income countries (HIC) and LMIC suggest that reducing the delay to receiving EmOC will have a significant impact to improve patient outcomes (7, 8). A potential intervention in the LMIC setting would be to Increase the number of skilled birth attendants and this can improve access to EmOC in rural settings thereby reducing potential delays during life-threatening obstetric emergencies. Additionally, ensuring an adequate quality of EmOC is provided to women and their families may improve their health-seeking behaviour and attendance to healthcare facilities. 
Training packages have been piloted and different teaching methodologies have been proposed to improve the quality and access to EmOC in LMIC. The WHO defines EmOC as being the minimum set of interventions required to manage potentially life-threatening complications during pregnancy and childbirth (9). The framework for EmOC training programmes typically include education that addresses the management of the main causes of maternal death e.g. haemorrhage, pre-eclampsia sepsis, complications of obstructed labour, complications of miscarriage or abortion, intrapartum asphyxia, early neonatal death, stillbirth and neonatal resuscitation (10, 11). 
In recent years, simulation-based training programs (SBT) developed in HIC for EmOC have been shown to improve staff positivity, practitioner confidence and patient outcomes (12) . A SBT trialled in 15 US hospitals found improvements in multidisciplinary teamwork, skills acquisition and retention of knowledge among healthcare workers (12).  As a result of this and other successful training programs in HIC, SBT programs such as Programa de Rescate Obstetrico y Neonatal: Tratamiento Optimo y Oportuno (PRONTO), Management of Medical Obstetric Emergencies (MOET), and Advanced Life Support in Obstetrics (ALSO) have been trialled in LMIC (13, 14, 11). A recent clinical training program in Ghana found overall improvements in knowledge acquisition and participant confidence during obstetric emergencies (10). However, the participants also had concerns regarding the applicability of skills learnt and the low resource clinical environment (10). This is an important area for further research.	Comment by Nishel Shah: Reference
Previous systematic reviews have evaluated the efficacy of SBT in HIC for EmOC training by measuring the effects on several domains including: participants reaction, knowledge and skills, changes in behaviour and clinical practise, availability of EmOC and health outcomes (15, 16). However, the efficacy and applicability of such programmes in LMICs still remain inconclusive. To address this gap in knowledge, we have conducted a systematic review of studies to evaluate the current evidence of the effectiveness of simulation-based training in EmOC in LMIC. 

Methods
Literature Search Strategy
A systematic review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement and the Cochrane Collaboration published guidelines. EMBASE, MEDLINE, Cochrane, PubMed and Google Scholar were searched for original articles and that discussed simulation training for obstetrics emergencies in countries defined as low or middle income (as per the World Banks’s 2021-2022 classifications) from inception to January 2022 (17). A priori protocol was devised for the following study, and this is available upon request.  The search terms used included “simulation training”, “virtual simulation”, “obstetrics emergencies”, “low Income” and “middle Income”. The entire search criteria, which was used across all databases, is shown in appendix 1.  Further articles were identified through a manual search of the references lists of articles found through the original search and use of the ‘related articles’ function on MEDLINE. The only limits used were the mentioned time frame and English language.
Study inclusion and exclusion criteria
All original articles were included if they reported the use of simulation training for obstetrics emergencies in LMICs. Studies were excluded from the review if: 1) inconsistencies in the data impeded extraction of data, 2) the study was performed in an animal model, 3) there was no mention of simulation training employing human participants 4) the simulation training was performed in countries deemed to be high or upper-middle in income 5) less than 10 participants were included in the study and 6) if there was no focus on obstetrics emergencies. Reviews, editorials, case reports, abstracts from meetings and preclinical studies were excluded. By following the aforementioned criteria, two reviewers (W.C. and N.U.) independently selected articles for further assessment following title and abstract review. A third independent reviewer (A.AR.) resolved any disagreements between the two reviewers. Potentially eligible studies were then retrieved for full text assessment. The software used for the described process was Covidence (Melbourne, Australia).
Data extraction and critical appraisal of evidence
All full texts of retrieved articles were read and reviewed by two authors (W.C. and N.U.) and a unanimous decision was made regarding inclusion or exclusion of studies. When there was disagreement, the final decision was made by a third reviewer (A.AR.) Using a pre-established protocol, the following data was extracted: first author, study design, number of birth providers, study population, training duration, training content and primary study outcomes.  A data extraction sheet for this review was developed and pilot-tested using 3 randomly selected included studies and subsequently was refined accordingly. Data extraction was performed by 2 review authors (W.C. and N.U.) who carried out the process in duplicate on two separate extraction sheets. Correctness of the tabulated data was validated by a third author (A.A.R) who evaluated both extraction sheets and assessed full texts where incongruences existed. Due to the high heterogeneity of the studies methodology and reported outcome measures, a meta-analysis was decided not to be carried by the research group.
Results 
Study selection 
The literature search identified 1,957 articles, of which 1312 were screened following deduplication and 28 were full-text reviewed and assessed in accordance with the inclusion and exclusion criteria. Following critical appraisal, a total of 15 studies were included in this review, featuring 8,900 healthcare professionals from 18 countries. Figure 1 illustrates the entire study selection process. A summary of the studies collected and their respective designs, type of SBT delivered, country and the main reported outcomes are found in Table 1. 
Type of simulation-based training programme 
The SBT programmes varied in the reviewed studies. The most common training programme consisted of the PRONTO programme implemented by four studies, comprising of 970 participants across four different countries (18-21). Duration of training also ranged, with the shortest being two days, and longest up to eight months (19-21). In general, programmes consisted of lectures, workshops and simulations of emergency obstetric scenarios followed by a debrief of participants. 
Clinical knowledge and self-efficacy 
There were thirteen studies, comprising of 8,332 participants, which tested for improvements in clinical knowledge (10, 12, 18-25). This was assessed by using a pre- and post-test questionnaire and/or survey. 
Emergency scenarios which were most frequently assessed included: post-partum haemorrhage, neonatal resuscitation, pre-eclampsia, shoulder dystocia and sepsis. Additionally, one study in Somalia with N=222 participants also assessed for the accurate use of partograms (26). All the included studies reported improvements in clinical knowledge following simulation of scenarios. 
Ten studies with a total of N=2,440 participants from nine countries evaluated self-efficacy (the confidence in one’s ability to perform key skills) following SBT. Improvements in self-efficacy were noted by all ten studies through self-reporting questionnaires and participant interviews. 
Skills acquisition 
Changes in the teamwork and improvements in communication skills were also commented on by ten of the included studies. The importance of leadership during emergency scenarios was also highlighted through SBT packages in India, Guatemala and Mexico (18, 19, 24). 

Discussion
This systematic review provides the most comprehensive summary of SBT programmes implemented in LMIC for the management of EmOC. There is evidence that the implementation of SBT programmes can improve clinical knowledge and acquisition of important and life-saving skills. Despite the heterogeneity we observed between the various SBT programmes assessed in this systematic review, there were clear shared benefits as well as challenges from the implementation of such programmes in the resource-poor setting.  
Clinical knowledge and self-efficacy
Findings of this review revealed an overall positive effect of SBT to improve the clinical knowledge among healthcare workers including doctors, nurses, and midwives. Traditionally in LMIC, the dissemination of knowledge in the field of obstetrics is often facilitated through didactic lectures and individual mentored apprenticeship models (27). The latter may, in part, explain the disparity of clinical competency and knowledge of healthcare workers in LMICs (28). The use of standardised and competency based practical SBT may mitigate the differences between mentoring and apprenticeship models with theory-based teaching. Such differences have been shown by a study in Brazil that found significant increases in post-course knowledge testing after SBT in topics such as preclampsia, post-partum haemorhage, sepsis and BLS in over 90% of participants when compared to traditional methods (20). Similarly, findings from a simulation package for ALSO and BLSO delivered in Thailand and Myanmar also found consistently high pass rates of 91.7% to 98.6% (11). The current literature suggests that a lack of adequate knowledge and skills remains one of the key reasons behind the failure to implement and maintain beneficial evidence-based practise in LMIC, as opposed to structural or infrastructure issues (29). Studies identified in this review suggest that irrespective of the duration or structure of SBT, birth attendants' knowledge improves following training (18, 25). Ameh et al also found that some healthcare workers from sub-Saharan Africa and Southeast Asia retained clinical knowledge for up to one year (25). This demonstrate the sustainability of SBT to maintain evidence-based practice. However, further work is required to establish the longevity of clinical knowledge retention from SBT programmes. 	Comment by Nishel Shah: Why would this be the case? One would assume the lectures draw from the same knowledge base.
As mentioned earlier in this review, SBT programmes have also been shown to improve self-efficacy. This was noted during interviews after the ONE-Sim Workshops in Zimbabwe and a similar study in South India (21, 23). Both studies reported that healthcare workers would feel greater confidence in approaching emergency situations after receiving SBT (21, 23). Another study in Ghana also found that self-efficacy scores increase significantly between pre and post-test assessments (10). This is aligned with research conducted in HIC whereby SBT can increase self-efficacy through active engagement in the learning process noted by Kolb’s Experiential Learning Theory framework (30). Although self-efficacy was reported to improve in all the included studies, in the context of maternal mortality, greater clarity is needed on whether greater practitioner self-efficacy and will also lead to an improvement in the management of patients during obstetric emergencies. 

Skills acquisition
Teamwork and communication
Of the ten studies that reported on the impact of SBT on teamwork and communication, all suggested SBT was effective in team building and developing communication skills during EmOC. One example of this is described by Walker et al, where participants achieved goals such as implementing “SBAR and other communication techniques” and “set-up meetings with personnel to improve communication and organization”(18). However, Walker et al also found that post-simulation training several unachieved teamwork and communication goals remain such as, implementing and replicating “the rules of communication learned” and reminding “the group to improve communication”(18). Zhong et al and their implementation of the ONE-Sim workshop’s in South India also found that the significance of teamwork is further enhanced through simulation (23). The post-workshop survey found that the scenarios “helped define each role’s responsibilities” in the emergency setting and raise the capabilities of team members to similar levels” as well as improving the “cohesiveness of the team and optimise their ability to collaborate”(23). Similarly, birth attendants who participated in the study by Kumar et al ONE-Sim workshops in India noted that they will “remember how to work as a team” and not “hesitate to call others” when required. An emphasis on providing “clear instructions and assisting each other” during these emergency scenarios were also highlighted through SBT (24).  Delegation of tasks, closed-loop communication strategies and team reflexivity developed through SBT can help clinicians adapt to the changing circumstances of  obstetric emergencies. 
Leadership
Three studies evaluated leadership as a domain in SBT. Two of which, implemented the PRONTO training package in Guatemala and Mexico and one study in India which used ONE-Sim workshops (18, 19, 24). Participants in Guatemala were able to identify the importance of assigning “leadership roles for obstetric emergencies” in their post-training surveys (18). Furthermore, participants in Mexico commented that the PRONTO goals facilitated the “new understanding and importance” of leadership and demonstrated these leadership skills during simulation training (19).  In the workshops described by Kumar et al, participants felt that having a senior medical staff as a leader in the EmOC scenarios assisted with learning in teams (24). It is also noted that through simulation training, senior medical staff also recognized the cogency of leadership and importance of teaching during these scenarios. A recently published randomised controlled trial of SBT in trauma resuscitation and complex care revealed that leadership training indirectly influenced improved patient care. The efficacy of assimilating leadership training within SBT for EmOC has yet to be determined.
Recommendations
Studies investigating the efficacy of SBT programmes in HIC have indicated significant variance in SBT uptake and deliverability depending on location and setting of training (31). Many studies identified in this systematic review have implemented such training programs in only large academic teaching hospitals (11, 19-20). It remains uncertain if similar findings would be replicated by implementing these programs in smaller district hospitals with limited resources and staff. Future research should investigate how these training programs can be used in even more resource limited settings such as the community, and attempt to understand what potential challenges that may be encountered.
A pertinent consideration in the development of SBT is the fidelity of devices which may be used in training. There has yet to be a consensus as to whether differences are present between high fidelity and low fidelity devices used in training for EmOC. Studies in the UK have suggested undergraduate medical students found higher fidelity devices to be more realistic and thus elicited greater teamwork and task management skills when compared to students who used low fidelity devices (32). Whereas a significant difference was not found in the delivery of a surgical skills course for trainees (33). A significant barrier to using high fidelity simulation devices is the substantial equipment costs (33). The feasibility and cost effectiveness of whether using high fidelity devices in LMIC is uncertain.
A significant majority of SBT programmes are developed in HIC and in a resource rich setting (18,19,34). SBT initiatives to be used in LMIC should be tailored to and designed by healthcare professionals in LMICs. In this review, one study implementing the SIMESON training programme revealed incongruities between the delivered content and the applicability for practice (35). Participants during perineal tear training noted that “we do not have sufficient instruments in the facility” and would not be able to apply the skills acquired into their peripheral healthcare centres. Language barriers were also present in two SBT where participants were noted to have felt less confident during the training session. 
In the future delivery of SBT programmes, efforts should be made to objectively measure outcomes using validated tools. Many studies included in this review used self-report methodology to evaluate teamwork and performance which can be prone to bias. Validated observational assessment tools such as the Behaviourally Anchored Rating Scales (BARS) and Mayo High Performance Teamwork Scale are possible alternatives to be considered in future study designs and the delivery of training programs for EmOC (36).
A further recommendation for future work is measurement of clinical outcomes. Using the four-level Kirkpatrick’s model of training evaluation (37), only three studies sought to determine whether patient outcomes improved following SBT (level 4). It remains unclear exactly whether specific patient outcomes are changed with the use of SBT in LMIC and this should be a consideration for future research. 
Limitations
This systematic review and the field of study are subject to some limitations that should be considered when interpreting our findings and any conclusions drawn from them. Firstly, most of the studies in the field included in this review measured participants’ achievement of goals through pre and post-test surveys or interviews, which have the potential for self-reporting bias and participant reactivity such as the Hawthorne effect. Secondly, the sample sizes of the included studies were often quite small, and participants were selected through convenience sampling, therefore decreasing the validity and generalisability of findings in this review. The variation and heterogeneity in the type of SBT programme, qualitative nature of most of the data and the duration of training and outcome measures by the different studies decrease the generalisability of the findings and make a meta-analysis of data unfeasible. In high-income countries, SBT for obstetric emergencies has been suggested to improve the management of patients in a clinical setting and improve neonatal outcomes (12). However, of the included studies in LMIC, only three studies measured the impact of SBT on patient outcomes such as mortality rates. Therefore, studies included in this review are limited by their omission of any quantitative measures of clinical outcomes, as well as the translation of skills and knowledge acquired from SBT into clinical practice with patients. Furthermore, as a result of limited resources, long-term follow up of participants was not feasible. Only one study evaluated knowledge and skills retained after training at 3, 6, 9 and 12 months and found good retention of knowledge at 12 months (25). This absence of measuring long term retention of knowledge from SBT is also a shared limitation among the studies included.
Conclusion
The breadth of strategies implemented to reduce global maternal morbidity and mortality is vast. Equipping healthcare workers with the necessary tools to manage obstetric emergencies in LMIC directly addresses the UN Sustainable Development Goals. With an ever-increasing number of SBT programmes, it is of crucial importance to use validated tools to determine the impact of such programmes on patient outcomes and to design training packages that reflect the resources available in LMIC.  Evidence from this review suggests that the use of SBT programmes is not only sustainable, feasible and acceptable in LMIC, but also improves clinical knowledge, communication, and teamwork among healthcare providers. All of these ingredients are critical to optimising the quality of emergency obstetric care and thus, patient outcomes.
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Table 1. Characteristics of Included Studies

Figure 1: PRISMA Flow chart 
Figure 2: Map of EMOC training programmes reported in the literature 
Figure 3: Challenges and recommendations for implementing SBT in LMIC




