
[bookmark: phnucourses] 



Development of a Surgical Training Program in Rural Tanzania


By

Yasmin Ali



A Master’s Paper submitted to the faculty of
the University of North Carolina at Chapel Hill
in partial fulfillment of the requirements for 
the degree of Master of Public Health in
the Public Health Leadership Program



Chapel Hill

Fall 2018




Approved by:
	
							
							

                                     

Date


							


 

30
30

35
	
Date
30



Abstract 
Background: There is a critical shortage of surgical providers in Tanzania, especially in rural Tanzania. A partnership has been developed between the Department of General Surgery at Wake Forest School of Medicine in Winston Salem, North Carolina and Shinyanga Regional Referral Hospital in Shinyanga, Tanzania with the goal of creating a surgical training program. 
Purpose: The purpose of this paper is to 1) perform a literature review evaluating the effectiveness of long-term international partnerships between institutions in high-income countries and institutions in low- and middle-income countries, and 2) describe the partnership between the two institutions in the development of a surgical training program in Shinyanga, Tanzania.
Methods: A literature review was performed by evaluating peer-reviewed articles, published in the last 10 years, on education in general surgery through partnerships between institutions in high-income countries and institutions in low- or middle-income countries. In the development of a training program in Shinyanga, Tanzania, there was a partnership created between the two institutions, creation of a curriculum, establishment of financial sources, and development of a scholarship to assist with future training. This training program has been created in an attempt to address the need for more providers capable of providing surgical services in rural Tanzania. This is a proposed plan for training in Shinyanga, Tanzania. 
Results: The literature review revealed improvements in surgical education when surgeons and medical institutions in high-income countries partnered with those in low- and middle-income countries. The partnership created in Shinyanga has resulted in and will continue to result in a more structured curriculum with both didactic and clinical components. The scholarship developed as a part of the program allowed for a participant to go on to additional training. 

Conclusion: This program is early in its development but has shown some improvements in the teaching and training paradigm at Shinyanga Regional Referral Hospital.  Future steps include  employing another surgeon to work and teach in Shinyanga, continue fund raising efforts to both help with the surgeon’s salary and scholarships for selected interns, and to develop a rotation  for residents at Wake Forest who are interested in practicing surgery in low-resource settings.  
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Introduction
Background 
Worldwide, there is a shortage of surgical providers, which is worse in low- and middle-income countries.1 This is a result of multiple factors including limited resources, limited number of facilities, large surgical burden, poor postoperative outcomes, high cost of surgical care, and lack of specialist surgeons.1 It is estimated that 11 to 30% of the global burden of disease is surgical and that there is a need for surgical services in 100% of all disease subcategories, including obstetric and gynecological care.1,2 A majority of disease that requires surgery is a result of injuries or malignancies.1 Ninety percent of deaths from injuries occur in low- and middle-income countries and are a result of the lack of access to timely care.2 Importantly, approximately one-third of the five million trauma deaths affect individuals in the 15-year to 44-year age group.2 These deaths are potentially preventable and the large number of deaths at a young age has a substantial effect on the economic growth potential of low- and middle-income countries.2
It is estimated that five billion people worldwide, including 80% of people in Africa, do not have access to safe surgery and anesthesia care.2 The poorest third of the world’s population receives 3.5% of the estimated 234 million major surgical procedures in the world.1 Reported rates of surgery worldwide range from 295 operations per 100,000 people in Ethiopia to 23,369 operations per 100,000 people in Hungary.1 The rates are even worse in pediatric surgery. In the United States, it is estimated that one pediatric surgeon is needed for every 100,000 children ages 0 to 15 years, however, on average, in African countries, there is as few as one pediatric surgeon for nearly 6,000,000 children ages 0 to 14 years.3
	Data collected by the World Bank reveal there is one specialist surgical worker per 100,000 people in a low income country compared to 10 specialist surgical workers per 100,000 people in a lower middle income country, 40 specialist surgical workers per 100,000 people in upper middle income, and 69 surgical specialists per 100,000 people in high income countries.4 This disparity is very important because there appears to be an association between the number of surgical procedures and life expectancy; specifically, it has been observed that life expectancy is higher in countries with greater than 5,000 surgical procedures per 100,000 people.5 For example, in Uganda, a low income country similar to Tanzania, there are 248 surgical procedures per 100,000 people and the life expectancy is 59.2 years, compared to Spain, a high income country, where there are 10,579 procedures per 100,000 people and the life expectancy is 83.2 years.5 There is a similar association between the number of surgical specialists and life expectancy; life expectancy tends to be higher in countries with a surgical workforce with more than 20 workers per 100,000 people in the country.6 Currently in Tanzania, there is 0.46 surgical specialists per 100,000 people and the life expectancy is 64.1 years.6 In comparison, in the United States there are 54.7 surgical specialists per 100,000 people and the life expectancy is 78.7 years.6
People in low income countries not only have less access to surgical care, they are more likely to be pulled into poverty when they pay for surgical and anesthesia care.7 In 2014, the World Bank evaluated the number of people in various countries that are at risk of catastrophic expenditure for surgical care and they found that in Tanzania 65.8% of the population is at risk.7 This is a significant difference from the population at risk in high income countries; for example, in the United States, there is 3.2% of the population that is at risk.7 With these negative consequences associated with a lack of appropriate surgical care, the Lancet Commission on Global Surgery recommends that by 2030, 80% of a country’s population should have access to emergency surgical care within two hours and that there are at least 20-40 surgical specialists per 100,000 people.8 

Addressing the need for increased surgical workforce 
The need for more surgical specialists in low- and middle income countries has been well described.1-3, 9 In order to address this large burden of surgical disease in low- and middle-income countries, many different models have been implemented. These programs are generally split into two categories: short-term and long-term programs.3 Short-term programs are usually trips in which surgeons from high-income countries travel to low- and middle-income countries and spend a few days to a few weeks performing surgery on whoever needs their services, after which they return to their home countries.3 In long term models, institutions in high-income countries create a partnership with hospitals in low- and middle-income countries.3 In these programs, there are usually foreign surgeons who are based in these hospitals and work alongside the local surgeons, which allows those involved to teach and learn from each other. They also teach surgical trainees in these hospitals. In addition, there may be other foreign surgeons and surgical residents who travel to these hospitals for shorter periods of time to provide additional services. A literature review is needed to identify factors that contribute to the efficacy of long-term programs in low- and middle-income countries.

Current medical training paradigm in Tanzania
To understand how to increase the number of surgeons in Tanzania, it is important to understand the current system of training and practice in the country. In Tanzania, after secondary school, those that choose to and can afford to go to medical school, attend for five years.10 After completion of medical school, they undergo an internship, which is one year.10 Following internship, doctors can choose one of three pathways.10 They can choose to specialize if they have the money to pursue a specialization.10 They may enter a registrar period, which lasts one to two years, in which they serve in public service positions.10 The other option is that they can be assigned by the government to rural district hospital and health centers in any of four specialties: Pediatrics, Obstetrics/Gynecology, Surgery, or Internal Medicine.10 Those who complete a specialization can go on to become academic clinical staff, be placed in a specialized/referral hospital, or be placed in a regional hospital.10
Another option for those interested in health care is to train to become a clinical officer or an assistant medical officer (AMO). There is a three-year training program for those seeking to become a clinical officer.11 Clinical officer training programs prepare clinicians to provide care in the rural setting.11 They are most commonly employed in health centers.11  To become an assistant medical officer, there are two additional years of advanced training in both preventative and therapeutic medicine.11,12 The additional training includes rotations at a teaching hospital in Internal Medicine, Surgery, Pediatrics, Obstetrics/Gynecology, and Community Medicine.11, 12 In order to be eligible to participate in an AMO training program, applicants must have three years of clinical experience and a diploma in Clinical Medicine.11, 12 Responsibilities of an AMO include: taking care of all aspects of patient care (both inpatient and outpatient, also including emergency surgery and obstetrics); admitting patients; performing ward rounds; teaching and supervising students; overseeing the ordering of supplies and medications by health units; and participating in development of primary health care programs.11 


Current plans and programs in Tanzania
	Recently, Tanzania launched an initiative to improve access to safe surgical care entitled Safe Surgery 2020. The purpose of the program is to identify specific areas of improvement and to work with the local surgery providers to address these needs.13 Their goal is to improve access to safe surgical care for an additional 50 million people by 2020.14 They also aim to improve the infrastructure to provide sustainable emergency and essential surgery and to prevent the risk patients’ families face of falling into poverty when they are injured or die.14 They plan to do this through partnerships with various stakeholders including ministries of health, academic institutions, non-profit organizations, various companies, hospitals, and surgical teams.13 They recognize that surgical care is not a luxury and access to safe surgical care should be treated as a basic human right.13 
	They plan to achieve these goals by acting as advocates and advisers to those involved in the process of national surgical planning, supporting and cultivating local surgical leaders who would lead changes, testing programs in place to address the various challenges associated with access to surgical care in low-income, low-resource settings, and measuring and analyzing outcomes to help the global community and highlight what works and what does not.14 A similar program has been initiated in Ethiopia as well and has demonstrated some promise.13,14
	In addition to Safe Surgery 2020, the Ministry of Health in Tanzania has also partnered with various other organizations to begin drafting a National Surgical, Obstetrics and Anesthesia Plan (NSOAP).9 They met to begin the process on April 17 and 18, 2017 in Dar es Salaam. This meeting involved over 70 stakeholders.8 They anticipate the planning process will take approximately one year.8 
Purpose of this program
	An international partnership has been created between the Department of General Surgery at Wake Forest School of Medicine (Wake Forest) in Winston Salem, North Carolina and Shinyanga Regional Referral Hospital in Shinyanga, Tanzania in order to improve surgical education and help increase the number of surgical providers in rural Tanzania. The overall purpose of this program is to increase the number of qualified surgeons practicing in rural Tanzania. The training program is structured to achieve various outcomes, which include 1) improving knowledge of common surgical problems of interns training at Shinyanga Hospital, with the hope being to improve patient outcomes; 2) increasing the number of surgical specialists practicing in rural Tanzania, 3) increasing the number of surgical procedures performed in rural Tanzania, and 4) developing an elective international rotation for surgery residents from Wake Forest interested in practicing in low- and middle-income countries.  


Rationale
	With the severe shortage of surgical specialists, many Tanzanians are without critical, lifesaving surgical care. In order to provide this care to as many Tanzanians as possible, it is important to help increase the number of surgical specialists in the healthcare workforce. This partnership between the Department of General Surgery at Wake Forest School of Medicine and Shinyanga Regional Referral Hospital was created to help address this severe shortage of surgical specialists in rural Tanzania. 
Even though Shinyanga Regional Referral Hospital is considered a referral hospital, which is a higher level of care than a district hospital, there is still a significant lack of resources, both in surgical supplies and personnel. According to the World Health Organization’s (WHO) guide to infrastructure and supplies at various levels of health care facilities, Shinyanga Regional Referral Hospital is considered a level 2 hospital. A level 2 hospital is a district or provincial hospital with 100-300 beds and adequately equipped major and minor operating theaters.15 A level 2 hospital should be able to provide short-term management of 95-99% of the major life-threatening conditions.15 The expected procedures performed at level 2 hospitals are normal delivery, uterine evacuation, circumcision, cesarean section, laparotomy, amputation, hernia repair, tubal ligation, closed fracture treatment and application of plaster, minor eye operations, removal foreign bodies in the airway, and emergency ventilation and airway management for referred patients (e.g., patients with chest and head injuries).15 The personnel at a level 2 facility should include one or two trained anesthetists, district medical officers, senior clinical officers, nurses, midwives, visiting specialists or resident surgeons and/or obstetrician/gynecologist.15 
Currently, there are interns that rotate at Shinyanga Hospital for a year. During their year of internship, they rotate through four different specialties (i.e., internal medicine, pediatrics, obstetrics/gynecology, and general surgery). This means these interns have three months of surgical training before they are expected to practice independently, some of which will be assigned to surgery after completion of the internship. Those who are interested in surgery and have the means to afford additional training may apply for a surgery residency program, which is an additional three years of training. 
In the current teaching paradigm, interns are taught through experience on the wards and in the operating room. Prior to the partnership between Wake Forest and Shinyanga Hospital, there was no surgical physician specialist that practiced at Shinyanga Hospital but there was an AMO who had been trained in surgery and practices in the hospital. He has provided the vast majority of general surgery care at the hospital as well as the education for the interns. 
Prior to this partnership, there was no dedicated, standardized teaching program for the interns. A focus of this program is to create a curriculum that emphasizes learning surgical problems that are common in rural Tanzania, as well as good perioperative (pre- and post-operative) care and safe surgical techniques. Another focus of this program is to teach them how to appropriately assess and stabilize patients prior to transfer to a tertiary care hospital for definitive management of more complicated, less common surgical problems. 
The purpose of this paper is two-fold: 1) to perform a literature review to evaluate the efficacy of long-term partnerships between institutions in high income countries and institutions in low- and middle-income countries in the context of general surgery education and training, and 2) to recommend a proposed plan for creating a program that will help address the surgical workforce needs in rural Tanzania through education and a long-term partnership between the Department of General Surgery at Wake Forest School of Medicine and Shinyanga Regional Referral Hospital. 


Methods
Methods of the literature review
Eligibility criteria.  In the development of this literature review, peer-reviewed articles were chosen that focused on the effect of surgical education provided by surgeons from high income countries in low- and middle-income countries. Only studies that were published in the last 10 years and involved education in general surgery were included. Studies in which full text was not available were excluded. In addition, studies were excluded if there were in specialties other than general surgery, were not a collaboration between a high-income countries and a low- or middle-income country, were not about surgical training and/or education, were not an evaluation of the effectiveness of a program, and those that were editorials instead of studies. Table 1 has a complete list of eligibility criteria (see Appendix).
Information sources and study selection.  A search was performed through the use of PubMed for relevant studies. See the Appendix for the full search strategy (Table 2). Once duplicates were removed, titles and abstracts were screened to determine if the studies met eligibility criteria. Full-texts of abstracts that were potentially eligible were reviewed against the same eligibility criteria. The articles were reviewed by a single reviewer. 
Data abstraction.  For articles that met full eligibility criteria, relevant data were abstracted by a single reviewer. 
Assessing risk of bias, summary measures, and synthesis of results.  In order to assess risk of bias, in addition to evaluating study design and appropriateness of each study, the internal validity of the studies, looking specifically at measurement bias, selection bias, and confounding, was evaluated. This was done for each study individually. Based on these, the quality of each study was assessed. Results of studies were synthesized qualitatively. 

Development of partnership
In order to establish a program at Shinyanga Regional Referral Hospital, it was important to obtain buy-in from those who work in the hospital. Surgical procedures were performed primarily by an AMO who was skilled in a variety of general surgery and emergency obstetric procedures. Given this set-up, there was a need for more surgical specialists. 
	The Touch Foundation, a non-governmental organization (NGO) that focuses on improving healthcare in Tanzania, specifically focusing on the shortage of healthcare workers, recruited a general surgeon from Wake Forest to work as a surgical specialist in Shinyanga to train AMOs in general surgery.  The goal of the program was to provide surgical training to AMOs that would ultimately perform surgical procedures on their own in rural Tanzania, where there is a significant shortage of healthcare workers. A year into the partnership, they decided to withdraw from the program at Shinyanga Regional Referral Hospital. With the withdrawal of this program, there were no longer AMOs training at the hospital, and this shifted to focus of training from the AMOs to the interns at the hospital.
The general surgeon from Wake Forest decided to dedicate two years to working in the hospital in Shinyanga as a surgical specialist. Her duties included managing inpatient surgical patients, performing both elective and emergency general surgery procedures, seeing patients in the surgery clinic, and teach the interns while on their surgery rotation. When the Touch Foundation terminated their program a year into her two-year commitment, she remained committed to completing her time in Shinyanga and the decision was made to create a relationship between Shinyanga Regional Referral Hospital and the Department of General Surgery at Wake Forest School of Medicine. 
	Over her two-year position, she taught many interns that rotated at the hospital. She allowed an intern to participate in each surgical case with her and encouraged other available interns to come to the operating room to observe and learn. On rounds, she listened to patient presentations from her interns and incorporated teaching into ward rounds by discussing problems specific to the admitted patients as well as broader topics such as fluid management and wound care. 
She cultivated a solid relationship with the hospital staff and interns by working within the already established system. She learned how things were done around her and eventually she used her knowledge and skill set to make small, but significant, changes to the teaching paradigm. Once her two-year commitment ended, she returned to the United States to pursue fellowship training. Despite there no longer being a surgeon from Wake Forest in Shinyanga, both the Department of General Surgery at Wake Forest and Shinyanga Regional Referral Hospital are committed to continuing this partnership. The plan is to have a surgeon (preferably two surgeons) employed by Wake Forest that would dedicate at least six months to working in Shinyanga as a surgical specialist and educator for the interns that rotate on general surgery. 
	Prior to developing a specific curriculum and program plan, the plan is to perform a needs assessment. The needs assessment would involve administering a survey to the faculty and the interns regarding various aspects of the current teaching paradigm. The purpose of this is to determine what the focus should be on when developing a training program.

Development of training program 
	In Tanzania, interns have one year of training after medical school and that year is split over four specialties, which means there are only three months for them to learn what they need to know of general surgery to practice safely in their future positions as solo practitioners. Given this short time frame, the focus will be on the most common surgical problems and the most useful surgical skills. Interns will also be provided with skills and resources to continue learning even after they go into practice. 
	There are various models for interprofessional development. A common model used in the healthcare setting involves three components: a didactic program, a community-based experience, and an interprofessional-simulation experience.17 The didactic portion focuses on building skills and knowledge centered around patient care.17 The community-based experience involves providing services to patients and understanding the effect of resource availability on patient outcomes.17 The interprofessional-simulation experience involves skills training through the use of simulations; in addition to clinical skills this also includes skills in communication and leadership.17
Development of the didactic curriculum.  There will be two main aspects to the training curriculum: the didactic portion and the clinical portion. The didactic portion will consist of one-week modules that focus on surgical pathology and associated surgical skills. To ensure interns keep up with the modules, there will be weekly quizzes to assess their understanding of the lecture material. The current operating schedule is there are two days for elective cases so didactic days will be the other three days of the week, since operating rooms on elective days start early in the morning, which would not leave much time for learning. Each day will consist of two hours of lecture. Each lecture will be a new topic related to the overarching topic of the module. Lectures will also be supplemented with videos of surgical techniques. The lectures will use a variety of resources, including the use of the WHO’s Surgical Care at the District Hospital. This manual focuses on various topics including organization and management of the district surgical service, creation of surgical environment (i.e., infection control, equipment, cleaning, sterilization, and waste disposal), the approach to the surgical patient (both adult and pediatric), surgical techniques, specific surgical and obstetric procedures, management of trauma, and principles of anesthesia.16 Included in this paper is a proposed curriculum for the 12-week period interns will spend on the surgery service. 
Structuring the clinical component.  For the clinical portion, it will involve both time in the operating room and on the wards. Since surgical cases are somewhat unpredictable, learning will be based on what operations are performed. In the operating room, interns will learn anatomy, steps of operative procedures, and have the opportunity to practice surgical skills. This is an important component to the program because it will provide the interns with the opportunity to see and learn common surgical problems in the setting in which they would be practicing in the future. Learning on the wards will involve daily rounds. On rounds, the goal will be to focus on management of surgical patients. In order to assure good outcomes for patients, interns must understand the importance of good preoperative and postoperative care. Ward rounds will focus on appropriate workup, fluid management, nutrition, wound care, and the recognition and management of complications.  
	A goal in this education paradigm is to create autonomy quickly. This involves an intensive program that provides them with the tools they need to be safe and effective. Allowing the interns to have some autonomy during their training will provide them with the confidence that is necessary as a surgeon. The goal is to provide graduated autonomy, which means as the interns do more they will be allowed to do more on their own, with appropriate supervision. In order to provide autonomy over a short time period, interns will be made aware that they need to read and remain abreast of current teaching modules. 

Funding sources
	The current funding source that covers travel to and accommodations in Tanzania is a fund provided by the Wake Forest School of Medicine Office of Global Health. For future funding sources, considerations may be made to involve philanthropic organizations and endowments. Fundraising is also an option for providing funds for the program. Fundraising could also be used to provide money for scholarships for the one or two interns we plan to support through their formal surgery training. Another consideration is possible funding from industry (i.e. companies that produce medical equipment). These companies may have an interest in supporting a program such as this and may be able to provide materials to our training program.  
	To have formal surgical training in Tanzania, the tuition is 6,500,000 Tanzanian shillings per year (or $2833.22). Additional expenses total approximately 1,000,000 (or $435.88) Tanzanian shillings per year. The training program is a total of three years. Total training expenses is 22,500,000 Tanzanian shillings or approximately $9,807.30. The ability to provide scholarships to one to two interns per year to go on and complete surgical residency will likely be funded through fundraising efforts. 

Evaluation of program effectiveness
	In order to assess effectiveness, we would look at both short- and long-term impact. Short-term markers would include performance on quizzes, in the operating room, and on the wards. Long-term effectiveness would be whether or not we are able to produce competent surgeons both from this program and through our scholarship program. Ways to also assess effectiveness in the short term would be through surveys assessing faculty and intern satisfaction of the program. Short term assessment would be performed over each year. Over the course of one year, there would be four cohorts of interns that have gone through the program and this would allow for comparisons to be made which would help determine effectiveness of the program. Long term assessment would be made at the five-year mark. This would allow for enough time for 20 groups of interns to go through the program as well as four to eight interns that went on to surgical specialty training. 

Development of an international rotation
	Another aspect to this program would be to eventually create a rotation for general surgery residents at Wake Forest who have an interest in working in low- and middle-income countries. In order to make this an option for surgery residents it would need to be approved by the Accreditation Council for Graduate Medical Education (ACGME). The plan is to develop an elective rotation in which senior residents (fourth or fifth year residents) would be able to travel to Tanzania for a month to learn and practice alongside Tanzanian physicians. The decision was made to limit this program to senior residents because they would have more training and would be more likely to benefit from training in a different environment. They would also be able to assist with teaching and training of interns in Shinyanga. The goal of this program for surgical residents from Wake Forest would be to provide training in a low-resource setting, which allows for a different perspective, and the ability to teach in an environment they may be interested in working in as a part of their future career. There are significant differences when it comes to training in high-income countries compared to low- and middle-income countries. For example, being able to make a diagnosis without advanced imaging or having different tools available in the operating room. Having access to an experience such as this, would be beneficial to those interested in working in low- and middle-income countries.



Results
Results of the literature review
Searches in PubMed identified 576 articles. Figure 1 shows the literature flow diagram. After titles and abstracts were screened for eligibility, there were 27 potentially eligible articles. Full-texts of these were screened again using the same criteria; 7 articles met full eligibility criteria.18-24 
[image: ../Desktop/Screen%20Shot%202018-12-05%20at%209.17.24%20PM.png]
Figure 1. Article flow diagram
Summary of study characteristics.  All seven studies were set in hospitals in low- or middle-income countries and involved partnerships with surgical programs in high-income countries. Specifically, the countries these studies took place in were Guyana, Ethiopia, Sierra Leone, Uganda, and Malawi. Partnerships were created with hospitals in Canada or the United States. 
Detailed summary of individual studies.  In Cameron, Rambaran, Sharma, et al. (2010), they created a partnership between the surgeons in Guyana and the Canadian Association of General Surgeons (CAGS) to develop a training program in Guyana. The performed a needs assessment in 2000. The University of Guyana approved a Diploma of Surgery curriculum and accredited Georgetown Public Hospital Corporation to provide the training program. The program was 2.5 years in length and the goal was to train surgeons that were able to address the needs in the secondary regional and district hospitals in Guyana. This program also included a list of surgical procedures that surgeons were expected to be able to perform with competence. This program consisted of clinical rotations and tutorial modules taught by both resident Guyanese and visiting Canadian surgeons. The developed an evaluation process that included clinical-in-training evaluation, tutorial module tests, case logbooks, and final examinations. There were evaluations of both the trainees and the faculty. In addition, there was a regular web-based conference between surgeons in Canada and in Guyana. 
In Cadotte, Blankstein, Bekele, et al. (2013), the focus was on the partnership between Addis Ababa University (AAU) and the University of Toronto (U of T), which was called the Toronto Addis Ababa Academic Collaboration. This partnership began in 2003. They used a mixed methods design which included collecting information regarding surgical activity by performing a retrospective review of operative and emergency consultation logs, performing needs assessment surveys, and using validation strategies. They developed two questionnaires, one for the faculty and one for surgical residents. They also included program-specific information to supplement the resident surveys. In terms of surgical activity, they collected data for three consecutive months. In order to do a needs assessment, they performed interviews of the residents and the faculty. They used a validation questionnaire as well to standardize the answers to the surveys.  
In Leow, Groen, Dumbaya, et al. (2011), they focused on improving surgical education in Sierra Leone. This was a program that was a partnership between a New York-based organization, Surgeons OverSeas (SOS) and local surgeons at Connaught Hospital in Freetown. They received support from the Sierra Leone Ministry of Health and Sanitation. They first performed an assessment of the lack of knowledge about the treatment of basic surgical conditions. They then developed a workshop based on the the World Health Organization (WHO) Surgical Care at the District Hospital (SCDH) manual and the Integrated Management of Emergency and Essential Surgical Care (IMEESC) tool kit. The performed these workshops in two of Sierra Leone’s largest cities, Freetown and Bo. They collected data on the instructors, number of participants, types of participants, curriculum for the workshops, dates, locations, and external support. 
The workshops were held for three days. In the workshop in Freetown, there were 21 participants that registered and 19 participants that attended all three days. Of those 19 people, 15 were from Freetown and four were from the surrounding areas. In Bo, there were 22 participants; 15 of them were from Bo and seven were from surrounding areas. The workshop focused on didactic lectures and practical skills on a euthanized pig. The topics covered included trauma and general surgery on day 1; orthopedics, anesthesia, and urology on day 2; and emergency obstetrics, otolaryngology, and ophthalmology on day 3. Since these initial two workshops, there have been eight more workshops between 2008 and 2010 performed in Sierra Leone. 
In Lipnick, Mijumbi, Dubowitz, et al. (2013), they focused on how the Global Partners in Anesthesia and Surgery (GPAS) worked to increase the number of surgery and anesthesia training in Mulago Hospital in Kampala, Uganda. GPAS is a collaboration between academic centers in North America and Uganda. They initially developed local survey to determine potential barriers and solutions to improve surgery and anesthesia care. Based on the information they gathered, they developed three areas of focus for projects: workforce expansion, collaborative research, and promoting harmonization. 
	In terms of workforce expansion, GPAS created a trainee scholarship program, a postgraduate retention program, a biomedical support program, and several educational initiatives. In terms of collaborative research, they developed a research agenda that involved academic collaboration to provide resources for initiatives to improve local surgical capacity. In terms of promoting harmonization, they organized an annual conference for international surgical groups in Uganda and increased means of communication between these groups. 
In Young, Banza, and Mkandawire (2016), they focused on the effect of long term international institutional collaboration in Malawi. There was a postgraduate surgical training at Kamuzu Central Hospital (KCH) in Lilongwe, Malawi established in 2007. They were able to establish this program through support with academic medical staff, infrastructure, and surgical equipment initially from Haukeland University Hospital (HUH) in Bergen, Norway, and from The University of North Carolina (UNC). They received funding from the Norwegian government and the University of North Carolina. 
In Qureshi, Samuel, Lee, et al. (2011), they focused on the experiences of the Department of Surgery at UNC as a part of the UNC project in Malawi. Initially, there were surgeons from UNC in general surgery, plastic surgery, and otolaryngology that went to Malawi to perform complex surgeries with local surgeons. The experience was beneficial for both those at UNC and those at KCH and the decision was made to expand this partnership. UNC began to place senior surgical residents that were on their research years at KCH as an educational experience for them as well as support for the KCH surgical staff in their clinical duties. Their goal was to maximize the experience of the surgical residents as well as provide benefit to the health system in Malawi.
In Grudziak, Gallahar, Banza, et al. (2017), they performed a retrospective analysis of data from the KCH Trauma registry. This data included demographic, clinical, and outcomes data for all patients who presented with traumatic injuries over the course of 6 years, 2009 through 2014. They used these data to evaluate the effect of a surgical residency program and structured educational activities on the outcomes of trauma patients at KCH. The residents had formal lectures weekly that covered various topics within general surgery, morning conferences in which they presented interesting and/or difficult patient cases, formal ward rounds, intraoperative teaching of surgical skills, and additional education through a Basic Surgical Skills course and International Trauma Life Support course within six months of starting residency. They evaluated the relationship between the increase in volume and experience of surgical residents and the mortality rate of trauma patients at KCH.   
Risk of bias within studies.  In Cameron, Rambaran, Sharma, et al. (2010), they used both a qualitative and quantitative survey they administered to all participants. This study only spanned two years. They had a small number of participants; five that graduated and nine that were in the program at the time of publication. Given these characteristics, there is concern for measurement bias.
In Cadotte, Blankstein, Bekele, et al. (2013), they used qualitative measures to understand the thoughts and opinions of the surgical faculty and the residents. They also used quantitative methods to assess surgical workload. In addition to the surveys conducted for the residents, they also used a validation questionnaire to ensure accuracy of their results. In their general surgery cohort, there were 20 faculty members and 31 residents, which is on the larger side for these studies. For their surveys, they had a good overall response rate. Given the use of mixed methods, the larger size of the study, how they chose participants, and the use of validation measures, there is less concern for selection bias, measurement bias, and confounding.
In Leow, Groen, Dumbaya, et al. (2011), they conducted a small number of workshops and provided questionnaires to assess efficacy of the workshops. This study had a small number of participants so there is concern for measurement bias. Also this study was conducted over a short time frame which makes it difficult to determine whether the association between the intervention and outcome were in fact related.
In Lipnick, Mijumbi, Dubowitz, et al. (2013), they focused on three objectives: workforce expansion, research, and collaboration. They had 40 surgery trainees. They collected data over a six-year period. Because they addressed multiple objectives, had multiple outcome measures, and involved the participation of a large number of trainees, there was less concern for measurement bias and confounding. 
In Young, Banza, and Mkandawire (2016), they used the number of limb saving surgeries as an indicator for the effect of the training program at KCH. By using only one marker as a direct correlation to the effect of the growing program at KCH, there is significant concern for confounding. The conclusions extrapolated from these data may be a result of other factors outside of the study intervention.
In Qureshi, Samuel, Lee, et al. (2011), the focus was the educational experience of surgical residents from UNC. Results were based on personal experiences as opposed to measured outcomes. Therefore, risk of bias was difficult to elucidate from this study.
In Grudziak, Gallahar, Banza, et al. (2017), they examined baseline characteristics across the years of the study and in order to identify potential cofounders they evaluated the distribution of individual variables and compared them between the groups. Also, there were 82,534 patients included in the study time frame. These measures decrease the likelihood for confounding and measurement bias given the large study size and the comparison and matching of the groups studied. There was low likelihood of selection bias given the inclusion of all trauma patients who presented for evaluation at KCH during the study period.
Summary of Results.  In these seven studies, there is evidence of improvement in surgical education when surgeons and medical institutions in high income countries partner with those in low- and middle-income countries. The focus of all these collaborations was to provide surgical education specific to the needs of the local community. Those that participated in the programs, overall, noted an improvement in their understanding of common surgical conditions and had increased confidence in their ability to manage them. These collaborations also influenced staff morale, development of a standard of surgical care, the ability to access more resources, the creation of structured specialized training in general surgery, the ability to participate in research opportunities, and the development of long-term international relationships.
Results of Individual Studies.  In Cameron, Rambaran, Sharma, et al. (2010), by the time of publication, they had five residents complete the training program and pass final examinations; there were an additional nine residents in the training program at that time. They were able to develop a postgraduate training program, which had not been an option previously. From surveys administered, they found that surgical faculty members had an improvement in morale, hospital services, and standardization of surgical care. About 67% of faculty members in Guyana thought this program provided specialty training adequate for the local needs. They also thought graduates of the program would be able to manage 50-75% of common surgical conditions in Guyana with competence. The trainees responded that they felt they could completely manage at least 75% of common surgical conditions in Guyana. For the Canadian surgeons that participated in this program they indicated a better understanding of surgical training in lower-income countries.  
In Cadotte, Blankstein, Bekele, et al. (2013), they determined that there was a total of 466 general surgery cases during the analysis period. The response rate for the surveys was 86% among surgical faculty and 80% among surgical residents. Also, 97% of surgical residents who completed the survey also completed the validation survey. From the information gathered, they noted that specific barriers that prevented the ability to provide optimal care included educational resources (including journals and access to the internet), clear goals for each level of training, supervision in the operating room, and surgical equipment. In addition, only 55% of residents perceived that their progress was being tracked and they received feedback about their strengths and weaknesses.   
In Leow, Groen, Dumbaya, et al. (2011), participants were asked to complete a feedback survey, at the end of the workshops. Their overall survey response rate was 79%. Of those that responded, 97% agreed or strongly agreed that their expectations for the training workshop were met and 93% agreed that the content and training were well explained. Of the responders, 100% felt the training workshops were useful and 97% felt confident they could teach what they learned at their own health care facilities. 
In Lipnick, Mijumbi, Dubowitz, et al. (2013), they had positive results in terms of their three areas of focus: workforce expansion, collaborative research, and promoting harmonization. In terms of workforce expansion, their recruitment and retention efforts between 2007 and 2011 resulted in an increase in the number of total trainees in anesthesia from 2 to 19 and in surgery from 20 to 40. They provided 16 scholarships and all those who received scholarships graduated from the program of the respective specialty. In addition to providing scholarships, they also invested in trainee teaching programs and created a resource room with up-to-date reference materials and computers with internet access. They also helped obtain funding to help support the establishment of the first biomedical engineering technician training school in Uganda. 
In terms of collaborative research, they had a stakeholders’ meeting in 2008, which included physicians, nurses, epidemiologists, and policymakers. The partnerships developed as a result of this meeting resulted in 15 publications and posters in peer-reviewed journals and at international conferences. Since then they have performed research in the epidemiology of surgical conditions, trauma care and mortality, access to care, occupational exposure, health policy, and surgical output and capacity in rural hospitals, among other topics. All of the projects that have resulted in peer-reviewed publications have involved both Ugandan and international authors.
In terms of increased harmonization, they organized an international meeting that took place in San Francisco, California in 2010 that included 70 participants from 12 universities and organizations. The next year, they had another international conference at the University of British Columbia in Vancouver, in which there were more than 100 participants from 15 universities and organizations. During these conferences, they drafted and adopted a list of priority areas for international partners in regards to improvement in surgery and anesthesia in Uganda. From these conferences, multiple partnerships were created. 
In Young, Banza, and Mkandawire (2016), as an example of the success of the program developed at KCH, they evaluated the number of amputations versus limb salvage surgeries. They found that there was a significant increase in the number of limb salvage operations, such as external fixation and active surgical debridement of open fractures, since the development of the training program at KCH, and a decrease in the number of amputations. In 2008, 22% of all orthopedic operations were amputations whereas in 2014, only 4% of all orthopedic operations were amputations. 
In Qureshi, Samuel, Lee, et al. (2011), they evaluated the experience of UNC surgical residents in Malawi. They were noted to have had an excellent experience and were able to improve their clinical and physical exam skills without the use of advanced imaging modalities. They were also able to improve their surgical technique in a setting with limited resources. The experience of practicing in a resource-limited setting also improved their leadership skills especially in terms of management of mass casualties and advanced breast cancer. 
In Grudziak, Gallahar, Banza, et al. (2017), they found that there was a decrease in the relative risk of mortality of trauma patients at KCH with the implementation of a surgical residency training program. This was because there was an increase in the number of surgical residents and an improvement in their education. This improvement occurred despite the increase in the number of trauma patients who were admitted to KCH during the study period. They also noted that the infrastructure of the hospital and the number of surgical specialists remained the same during this period.
Risk of bias across studies.  	Most of these studies were observational studies; there was one retrospective analysis. The objective of each paper was clearly stated. Given the size of these studies, there is concern for possible measurement bias. In a couple of the studies the study size was larger but overall they were small study sizes. They also used more qualitative measures than quantitative measures, which is not necessarily a problem, but it is important to take into consideration. However, there seems to be consistency across studies. The time frame of each study varied. A short time frame would not allow for appropriate determination of association between intervention and outcome. Given this assessment, there is medium risk of bias across the studies.  

Proposed curriculum
The proposed curriculum is designed to improve the surgical knowledge of the interns in the program of common surgical problems in Tanzania (see Table 3 in Appendix). It outlines topics that are important in the practice of general surgery. These topics are covered over a 12-week period, since that is the amount of time an intern spends on a surgery rotation. Each week is one general topic to help maintain a systematic approach to learning the important points of common general surgery problems. The topics that will be focused on include perioperative care (fluid management, wound care, work-up of surgery patients, and interpretation of imaging results), various components of the gastrointestinal tract (small intestine, large intestine, hepatobiliary, and upper gastrointestinal tract), trauma, hernias (inguinal, femoral, and ventral), soft tissue, breast, pediatric surgery, urology, and miscellaneous/general knowledge (suture types and when to use which type of suture, uses of different surgical instruments, informed consent, and transfer of patients to tertiary care facilities). The subtopics focused on, where appropriate, will include surgical anatomy, pathophysiology (both benign disease and malignant disease), operative technique, and the recognition and management of postoperative complications. 
At the end of each week, there will be an assessment to gauge proficiency of the completed subject. The purpose of this curriculum is to provide high-yield information that the interns can use in their practice even if they do not go on to specialized surgical training. For those who do go on to specialized training, this curriculum will serve as a foundation for their future training in general surgery.
	The program is still in its early stages, but there have already been noticeable changes since the partnership was created. There has been a shift in the culture of the hospital system in how complications and/or deaths are viewed. Previously, there were no in-depth discussions about possible changes that could have be made to avoid repeat complications with future patients, but once there was encouragement to have those discussions they proved to be fruitful and led to an improvement in patient outcomes. With this improvement in outcomes and in the collaborative nature of the health care providers, there was an increase in the confidence in the hospital system and the motivation to continue to improve. The success associated with education and collaboration led to more involvement in both of those arenas, which led to more improvements in patient care. The program was also able to send one intern from Shinyanga on to train as a specialist in obstetrics and gynecology. 
	In addition to providing learning opportunities to health care providers in Shinyanga, this partnership and experience, has provided significant learning opportunities for participants from Wake Forest as well. Surgery in a low-resource setting requires a skill set that is somewhat different than that of a surgeon in a high-resource setting. For example, there is no access to advanced imaging and many diagnoses are made based on history, physical exam, plain x-rays and basic lab work. Also, many supplies that are available in the operating rooms in a high-resource setting are not available in a low-resource setting, so surgeons must learn to adapt to the environment and learn how to provide high quality care with the resources provided. 
	The next steps are to employ another surgeon through Wake Forest that will spend time in Shinyanga as a surgical specialist and continue the contribution to the education of the interns learning and training in Shinyanga. There is also planning in process for more fund raising efforts to help with the salary of the surgeon working in Shinyanga as well as for the scholarship that will continue to be supplied to selected interns in the program for additional surgical training. With this scholarship, the plan is to increase the number of surgical specialists by giving the opportunity to young physicians who are not financially capable of pursuing further surgical training but have interest and skill, the financial resources to pursue specialist training. Further in the future, planning will involve developing a surgical elective for residents at Wake Forest and the establishment of research opportunities both in clinical practice and surgical education in low- and middle-income countries.


Discussion
	There is a large, global unmet need for surgical care, more so in low- and middle-income countries.2 There is a growing interest in collaboration between high-income and low- and middle-income countries to provide surgical education to local providers. Previously, local surgeons would leave their home countries to pursue further training and education in surgery but that would result in some of those people remaining in those countries and not returning home to work in their local communities.4 Recognizing this, focus has shifted to developing programs in low- and middle-income countries. This shift in focus is still relatively recent and ongoing. 
	The studies included in the literature review specifically focused on general surgery education and training of local physicians in low- and middle-income countries.18-22 Development of these programs involve the assessment of current training paradigms in the country and determination of where there is continued need. In order to improve surgical education and training it is important to understand what is already available.17 Another important consideration is teaching with what resources are available to local surgeons. There is very little to no benefit to teach them how to use technology that is not regularly available to them.1, 2  
	In these studies, there was no evidence to show a significant change in patient outcomes. This could be secondary to the short follow up period for these studies. Though, with improvements in resources, education, and confidence of local surgeons, the thought is that this would result in future improved outcomes for the local people that require surgical care.2, 3 The ultimate goal of improving education and training is to increase the number of practicing surgeons and to improve the quality of care provided by these surgeons so a larger number of people in low- and middle-income countries have access to necessary and high-quality surgical care.2 Longer term studies would be needed to appropriately evaluate whether the implementation of these programs leads to improved patient outcomes. 
The intention of this partnership between the Department of Surgery at Wake Forest School of Medicine and Shinyanga Regional Referral Hospital is to improve surgical education in an effort to help promote an increase in access to safe surgical care for people in rural Tanzania. This program is in its early developmental stages and now with an established partnership, it has the potential to continue to grow. As discussed previously the short term goals of this program are to improve surgical knowledge and surgical skills of trainees, improve the ability to appropriately assess and manage surgical patients, improve preoperative and postoperative management of surgical patients, provide education regarding management of surgical emergencies and how to stabilize patients for transfer to a larger, more specialized medical center. Long term goals for this program are to increase the number of surgical specialists in rural Tanzania, increase the number of surgical specialist that help train future surgical specialists, establish an ACGME-approved elective rotation for general surgery residents at Wake Forest, and, even further in the future, establish research opportunities.
	In addition to creating a program to help teach in a standardized, focused manner, it is important to create a program that will be sustainable. In order to help increase the number of well-trained physicians practicing surgery in rural Tanzania and future surgical specialists, this program will need to continue to produce well trained and knowledgeable interns, year after year. A manner in which to continue this program would be to encourage those who trained in this program, and especially those who received scholarships to pursue further surgical specialty training, to return and work in Shinyanga Hospital as surgeons and educators to future interns. Another method to ensure sustainability of this program is to pursue research opportunities that focuses on improvements in program design and patient outcomes. 
	A limitation of this program is limited financial resources. In order to have a surgeon from Wake Forest dedicated to working and teaching in Tanzania, there would need to be a way to pay their salary. There is not currently a way to consistently pay a salary. Funds have been created through fundraising efforts, however in order to pay a salary year after year there would need to be continuous fundraising efforts, which is not necessarily feasible. This could be addressed by creating a position as an academic surgeon at Wake Forest who would dedicate half of their time at their home institution working and earning their salary and the other half of their time in Shinyanga working and teaching there. This would create some discontinuity in the education of those in Shinyanga if a specialist surgeon is there only six months of the year. In order to address that problem, there may need to be two surgeons who trade off time in Shinyanga to provide continuity in the education of the interns in Shinyanga. If interns, who have benefited from the scholarship program and completed their specialist training, return to Shinyanga as specialist surgeons, this would help offset the amount of time a surgeon from Wake Forest would need to spend in Tanzania. This would be the way to provide a truly sustainable program. This would take several years to sustainable plan would take several years to develop.
[bookmark: _GoBack]	Another potential limitation would be the ability to maintain the relationship between the two institutions with different surgeons rotating in and out of the program. The partnership will continue to work if there is mutual understanding and agreement between the participants from the two institutions. It is also necessary to maintain consistent communication. A lot of individuals have a way that they like to do things and sometimes that may not translate over to another setting or in another culture. It would be important to provide training to those who plan to go to Shinyanga to work and teach to ease the transition. It would also be beneficial to have some overlap in the time before the outgoing surgeon leaves and after the incoming surgeon arrives to act as a transition period. In this time, the incoming surgeon can learn what has been done and learn what has and has not worked in an attempt to continue forward momentum of the program. 
	The program is currently in the early phase of development but there have already been some visible improvements. Next steps are being formulated in order to continue this progress that has been made over the last two years. Specifically, the next big step is to find a surgeon to be in Shinyanga continuing the forward momentum of this program. There is a shared interest between the Department of Surgery at Wake Forest School of Medicine and Shinyanga Regional Referral Hospital to continue this partnership long-term.
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Appendix

Table 1. Eligibility criteria for systematic review
	Inclusion criteria
	Exclusion criteria

	· Peer-reviewed articles
· Full text available
· Focus on general surgery education and training
· Published within the last 10 years
· Collaborations between high-income countries and low- or middle-income countries
· Evaluated effectiveness of program implemented
	· Articles that were not peer-reviewed
· Unable to obtain full text
· Focus on non-general surgery specialties 
· Not focused on education and/or training
· Published more than 10 years ago
· Editorials 

· Not a collaboration between high-income and low- or middle income countries
· Did not evaluate the effectiveness of the program
· Editorials instead of studies




Table 2. PubMed search for systematic review
	Initial search
	# of Results

	Search: “surgical education in low income countries”
· Search strategy (MeSH): ("surgical procedures, operative"[MeSH Terms] OR ("surgical"[All Fields] AND "procedures"[All Fields] AND "operative"[All Fields]) OR "operative surgical procedures"[All Fields] OR "surgical"[All Fields]) AND ("education"[Subheading] OR "education"[All Fields] OR "educational status"[MeSH Terms] OR ("educational"[All Fields] AND "status"[All Fields]) OR "educational status"[All Fields] OR "education"[All Fields] OR "education"[MeSH Terms]) AND ("poverty"[MeSH Terms] OR "poverty"[All Fields] OR ("low"[All Fields] AND "income"[All Fields]) OR "low income"[All Fields]) AND countries[All Fields]

Filters:
· Excluded if more than 10 years
· Excluded if unable to obtain full-text

	574













410
391






Table 3. Proposed curriculum
	Week 1
	Preoperative and Postoperative Care
· Fluid management
· Wound care, avoidance and management of wound complications
· Work-up of common surgical problems
· Interpretation of imaging studies


	Week 2
	Small intestine
· Surgical anatomy
· Pathophysiology
· Benign
· Malignant
· Operative technique (steps, videos)
· Management of postoperative complications


	Week 3
	Large intestine
· Surgical anatomy
· Pathophysiology
· Benign
· Malignant
· Operative technique (steps, videos)
· Management of postoperative complications

	Week 4
	Trauma
· Advanced Trauma Life Skills
· Chest trauma
· Abdominal trauma
· Neck trauma
· Orthopedic trauma
· Vascular injuries
· Stabilization and transfer

	Week 5
	Miscellaneous
· Different types of sutures and their appropriate use
· Surgical instruments
· Informed consent
· Shared decision making
· Timely transfer for patients requiring higher level of care

	Week 6
	Hernias
· Surgical anatomy
· Operative technique (steps, videos)
· Management of postoperative complications


	Week 7
	Upper gastrointestinal tract
· Surgical anatomy
· Pathophysiology
· Benign
· Malignant
· Operative technique (steps, videos)
Management of postoperative complications

	Week 8
	Endocrine
· Surgical anatomy
· Pathophysiology
· Benign
· Malignant
· Operative technique (steps, videos)
· Management of postoperative complications

	Week 9
	Soft tissue
· Surgical anatomy
· Pathophysiology
· Benign
· Malignant
· Operative technique (steps, videos)
· Management of postoperative complications

	Week 10
	Breast
· Surgical anatomy
· Pathophysiology
· Benign
· Malignant
· Operative technique (steps, videos)
· Management of postoperative complications

	Week 11
	Pediatric Surgery
· Common surgical problems in children
· Pathophysiology
· Benign
· Malignant
· Operative technique (steps, videos)
· Management of postoperative complications

	Week 12
	Urology
· Surgical anatomy
· Pathophysiology
· Benign
· Malignant
· Operative technique (steps, videos)
· Management of postoperative complications
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