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OBJECTIVE The recognition that neurosurgeons harbor great potential to advocate for the care of individuals with neural tube defects (NTDs) globally has sounded as a clear call to action; however, neurosurgical care and training in lowand middle-income countries (LMICs) present unique challenges that must be considered. The objective of this study
was to systematically review publications that describe the challenges and benefits of participating in neurosurgeryrelated training programs in LMICs in the service of individuals with NTDs.
METHODS Using MEDLINE (PubMed), the authors conducted a systematic review of English- and Spanish-language
articles published from 1974 to 2019 that describe the experiences of in-country neurosurgery-related training programs
in LMICs. The inclusion criteria were as follows—1) population/exposure: US residents, US neurosurgeons, and local incountry medical staff participating in neurosurgical training programs aimed at improving healthcare for individuals with
NTDs; 2) comparison: qualitative studies; and 3) outcome: description of the challenges and benefits of neurosurgical
training programs. Articles meeting these criteria were assessed within a global health education conceptual framework.
RESULTS Nine articles met the inclusion criteria, with the majority of the in-country neurosurgical training programs
being seen in subregions of Africa (8/9 [89%]) and one in South/Central America. US-based residents and neurosurgeons who participated in global health neurosurgical training had increased exposure to rare diseases not common in
the US, were given the opportunity to work with a collaborative team to educate local healthcare professionals, and had
increased exposure to neurosurgical procedures involved in treating NTDs. US neurosurgeons agreed that participating
in international training improved their own clinical practices but also recognized that identifying international partners,
travel expenses, and interference with their current practice are major barriers to participating in global health education.
In contrast, the local medical personnel learned surgical techniques from visiting neurosurgeons, had increased exposure to intraoperative decision-making, and were given guidance to improve postoperative care. The most significant
challenges identified were difficulties in local long-term retention of trained fellows and staff, deficient infrastructure, and
lower compensation offered for pediatric neurosurgery in comparison to adult care.
CONCLUSIONS The challenges and benefits of international neurosurgical training programs need to be considered to
effectively promote the development of neurosurgical care for individuals with NTDs in LMICs. In this global health paradigm, future work needs to investigate further the in-country professionals’ perspective, as well as the related outcomes.
https://thejns.org/doi/abs/10.3171/2019.12.FOCUS19448
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tube defects (NTDs) are associated with a
significant burden of death and disability worldwide. In the US, NTDs account for nearly 6 of
10,000 live births,26 a rate that has been attained in part
through the implementation of guidelines for periconceptional folic acid intake.7 However, the prevalence of NTDs
eural

is much higher in low- and middle- income countries
(LMICs), where recommendations for folic acid intake (i.e.,
400 mg per day) to reduce the risk of NTDs are poorly adhered to, and divergent prevalence rates exist within many
nations.5 Per 10,000 births, the prevalence rate of NTDs
in Africa ranges from 5.2 to 75.4 with a median of 11.7; in
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Southeast Asia, from 1.9 to 66.2 with a median of 15.8; and
in South/Central America, from 11.9 to 27.9 with a median
of 19.9.28 Concurrently on the world stage, an integral part
of the approach to NTDs is assertive, proactive, informed
public health advocacy by neurosurgeons. The recognition
that, along with care and education, neurosurgeons harbor
great potential to advocate for science-based primary prevention—through fortification—has sounded as a clear call
to action.11
Pediatric neurosurgeons in North America acknowledge the need for improved education in treating NTDrelated conditions such as occult spinal dysraphism and
tethered cord, as well as other neurosurgical conditions,
including craniosynostosis and hydrocephalus.3 While
improved education is needed in the US, this need is
even greater among LMICs, where these conditions are
more prevalent.16 Concomitantly, to improve global health
education, the Accreditation Council for Graduate Medical Education has supported the incorporation of global
health training among various subspecialty residency programs. In fact, the majority of internal medicine residency
programs now offer global health training in their curriculum.15 While global health training is less commonly
offered in surgical programs,18 US residents in general
surgery programs have demonstrated a strong interest in
participating in international training21 and have reported
that they benefit from international rotations when given
the opportunity to serve in limited-resource settings.13
Global health educational opportunities are most commonly offered in emergency medicine, general surgery,
and preventive medicine training and are less commonly
available in orthopedic surgery, psychiatry, and obstetrics
and gynecology residency training programs.12 Moreover,
US resident interest in global health education and international rotations has grown exponentially over the last
decade.10 With increasing cultural diversity in the US, it is
essential that residents better understand the etiology and
global burden of diseases, recognize the disparities among
global health care systems, and consider the influence of
culturally diverse social determinants of health unique to
LMICs. To improve global health care education available
to trainees, it is important to consider the socioeconomic
challenges and educational benefits of participating in incountry global health training. The term “in-country” is
in reference to LMIC medical sites that provide medical
services to the local population.
Given the escalating interest in global health training
and the high prevalence of NTDs in LMICs, it is important that in-country neurosurgical training programs continue to develop and remain current with evolving surgical
techniques to serve this population. However, socioeconomic and geographical factors have impacted the uneven
international development of neurosurgical care for individuals with NTDs, with higher-income countries having
more established treatment protocols, greater resources,
and lower incidences of NTDs.28 The employment of neurosurgery education in under-resourced settings presents
unique challenges, and these challenges must be considered when developing and participating in neurosurgical
training programs in these regions. The objective of this
study was to systematically review publications that de2

scribe the challenges and benefits of in-country neurosurgical training programs from the perspective of visiting
US residents, US neurosurgeons, and local medical professionals.

Methods

Search Criteria and Strategy
A systematic review was conducted in accordance with
the PRISMA guidelines, and registered in the PROSPERO registry (CRD 42019130176; April 29, 2019).19 Using the MEDLINE (PubMed) database, we performed a
search of all published articles (from 1974 to 2019) using the following terms: “neural tube defect” or “spinal
dysraphism” or “spina bifida” or “myelomeningocele”
AND “global health” OR “mission*” OR “international
health” OR “global surgery” OR “global neurosurgery”
OR “internship” OR “residency” OR “resident” OR “education” OR “educator” OR “curriculum” OR “teaching”
OR “elective” OR “rotation.” The results were restricted to
English- and Spanish-language publications. The search
was completed using the MEDLINE (PubMed) database
on April 3, 2019.
The inclusion criteria were as follows—1) population/
exposures: US residents, US neurosurgeons, and healthcare staff in LMICs participating in neurosurgical training programs to improve healthcare for individuals with
NTDs; 2) comparison: qualitative studies; and 3) outcome:
description of the challenges and benefits of in-country
neurosurgical training programs. Review articles and
conference abstracts were excluded. An initial screening
of titles and abstracts was conducted by two independent
reviewers to determine which articles met the inclusion
criteria. A subsequent secondary screening of full-text
articles was conducted, and any discrepancies related to
article eligibility were presented to the coauthors and a
consensus was reached through discussion.

Results

Four hundred seventy-eight articles were identified in
accordance with PRISMA guidelines, of which 9 articles
met the inclusion criteria (Fig. 1). The majority of the incountry neurosurgical training programs were found in
subregions of Africa (8/9 [89%]), with 1 (11%) in South/
Central America.1,2,8,9,16,17,20,22,27
US Residents’ and Neurosurgeons’ Perspectives
US-based residents and neurosurgeons who participated in global health neurosurgical training had increased
exposure to patients with NTDs not as commonly encountered in the US, were given the opportunity to work with
a collaborative team and educate the local medical staff,
and had increased exposure to neurosurgical procedures
involved in treating NTDs.17,22 Barriers to participating
in global neurosurgical training programs to treat NTDs
were not explicitly mentioned for US residents. In addition, US neurosurgeons acknowledged that participating
in global health training improved their clinical practices and gave them increased exposure to rare pathology;
they also recognized that identifying international part-
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FIG. 1. Flow diagram illustrating our search strategy in accordance with PRISMA guidelines.

ners, travel expenses, and interference with current practice were major barriers to participating in global health
education.8 US neurosurgeons acknowledged that a lack
of resources in these regions (i.e., deficient infrastructure,
lack of imaging equipment, citizens’ low incomes, and
high cost associated with treatment) and cultural factors
can limit treatment options.1,2 Moreover, it has been recognized that the surgeon’s perception of the patient’s quality
of life (QOL) contributes to the decision-making process
as to whether or not to surgically intervene.2 Overall, the
majority of US-based residents and neurosurgeons participated in 2- to 6-week rotations.
Local Medical Personnel Perspectives
None of the articles included in this systematic review
were written directly from the perspective of the local
medical personnel, patients, or healthcare system. Instead,
the perspective of the local medical personnel was pro-

vided through proxy reports from visiting neurosurgical
teams or collaborating institutions.1,2,9,16,17,20,27 The residing
in-country medical staff members were thought to learn
surgical techniques from visiting neurosurgeons, including proper sterilization, had increased exposure to intraoperative decision-making, and were given guidance to
improve postoperative care.17,20,27 Academic training sessions, which included access to internet resources, peer-reviewed papers, and online webinars, improved education
and promoted greater confidence in treating patients.16
The most significant challenges identified were difficulties in local long-term retention of trained fellows and
staff, deficient infrastructure, lack of guidelines, poor selfconfidence among local physicians, and lower compensation offered for pediatric neurosurgery in comparison to
adult care.1,2,16,20 The in-country neurosurgical training
programs ranged in duration from 8 weeks to 1 year.
Although in practice the identified articles reflect only
a few dedicated neurosurgical training programs, a sumNeurosurg Focus Volume 48 • March 2020
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TABLE 1. Perspective of US residents, US neurosurgeons, and in-country medical professionals on global health neurosurgery training
specifically relevant to NTD education
Authors & Year

Educational Context & Location

Mainthia et al., 2009

US pediatric neurosurgeon mission trips to South & Central America (12 years of experience).
Host/coordinating program(s): The Pediatric Foundation of Guatemala, Rotary Club of St. Vincent & the Grenadines.
Host hospital: The Hospital Nacional Hermano Pedro de Bethancourt in Guatemala.
Coordinating organization btwn Virginia Commonwealth University & the World Pediatric Project.
Wilson et al., 2012
Local resident physicians & neurosurgeons at a training program (15 weeks) in Tanzania, Africa.
Host/coordinating program(s): Barrow Neurological Institute.
Host hospital: Bugando Medical Centre.
Albright & Ferson, 2012; Missionary pediatric neurosurgery in Kenya, Africa.
Albright, 2016
Host/coordinating program(s): Medtronic Foundation & the International Society of Pediatric Neurosurgery.
Host hospital: Kijabe Hospital.
Rocque & Lam, 2014
US resident experiences w/ international neurosurgery in Kenya, Africa (2- to 4-week rotations).
Host/coordinating program(s): Medtronic Foundation & the International Society of Pediatric Neurosurgery.
Host hospital: Kijabe Hospital.
Piquer et al., 2015
Local volunteer neurosurgeons evaluate results of surgical training & medical care in East, Central, & South Africa (7 years).
Host/coordinating program(s): Neurosurgery Education and Development (NED) Foundation, the Foundation for International Education in Neurological Surgery (FIENS).
Host hospitals: Kenyatta Hospital, Nyeri Provincial Hospital, Aga Khan Hospital, Aga Khan University Hospital, Coast
Provincial General Hospital, Kijabe Mission Hospital, Muhimbili Orthopaedic Institute, Bethel Teaching General Hospital,
Black Lion Hospital, Kigali National Hospital, Mnanzi Mmoja Hospital, Moi Teaching and Referral Hospital, Mulango
Hospital Complex, Myunsung Christian Mission, Getrude’s Garden Children’s Hospital, Mewa Hospital, Neurspine Center,
Police Hospital, Bugando Teaching Hospital, Harare Central Hospital.
Davis et al., 2017
US-based neurosurgeons completed surveys about global neurosurgical outreach in Africa & South America.
Host/coordinating program(s): CURE Uganda, World Pediatric Project, Foundation for International Education in Neurological Surgery (FIENS), Project Medishare, ISPN, World Medical Mission, BethanyKids, AMPATH Consortium Kenya,
WFNS, World Craniofacial Foundation, Solidarity Bridge, SMILES, Shiners, Samaritan’s Purse, Project Perfect World,
Neurosurgery Outreach Foundation, Maghreb-American Health Foundation, INCA, Indian Society of Pediatric Neurosurgery, Healing the Children, Haiti Healthy Kids, Global Neuro Rescue, Children’s of Alabama Global Health, Children’s
China Foundation, ASPN, AANS/CNS Joint Section on Pediatric Section.
Host hospital: not provided.
Dewan et al., 2018
Local fellows’ experience at a neurosurgery training program (8 weeks) in Uganda, Africa.
Host/coordinating program(s): CURE Hydrocephalus and Spina Bifida (CHSB) fellowship.
Host hospital: CURE Children’s Hospital of Uganda.
Leidinger et al., 2018
Volunteer neurosurgeon coordinator in Zanzibar, Africa (18 weeks).
Host/coordinating program(s): Neurosurgery Education and Development (NED) Foundation, the Foundation for International Education in Neurological Surgery (FIENS), the College of Surgeons of East, Central, & Southern Africa (COSECSA).
Host hospital: Mnazi Mmoja Hospital.
For the complete version of this table, see the Supplemental Table.

mary of the benefits and challenges described by various medical providers in these programs is presented in
Table 1.

Discussion

Further development of global health neurosurgical
training is necessary to reduce the worldwide burden of
NTDs, particularly in LMICs. The purpose of this study
was to review the benefits and challenges of neurosurgical education in LMICs, with a specific focus on treatment of NTDs. While there is growing interest in the US
to promote global health education, residents are met with
barriers that limit their involvement in international training, such as lack of funding, limited elective time, and the
requirement to provide clinical services at their local insti4

tution.15 Neurosurgeons in the US also acknowledge that
interference with current practice, travel expenses, and
difficulty in establishing reliable international collaborations are major barriers to participating in global health.1,8
However, these challenges are also accompanied by many
benefits for US residents and neurosurgeons participating
in international rotations or medical missions.8,22 Mainly,
US residents and neurosurgeons gain valuable insight into
how socioeconomic factors specific to LMICs influence
decision-making for neurosurgical treatment and followup care for NTDs.1,2 They also benefit from the opportunity to work with a collaborative team to educate local
professionals and caregivers.17 Additionally, they have
increased exposure to rare diseases and the surgical techniques needed to treat these disorders.1,2 In fact, the average exposure of US resident trainees to pediatric spinal
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dysraphism is approximately 8.1 cases (SD 11) for the entire neurosurgical residency training program. In contrast,
US residents participating in international pediatric neurosurgery rotations at a pediatric hospital in Kenya were
exposed to 4 cases of spinal dysraphism per week, with the
majority presenting as myelomeningocele.22
From the perspective of the visiting neurosurgeons, the
local medical staff members were thought to have gained
several benefits from participating in the neurosurgeryrelated training programs. In particular, the local medical staff benefited from learning surgical techniques and
were given guidance to improve postoperative care for
individuals requiring neurosurgery. These improvements
and recommendations for care allowed residing medical
professionals to subsequently conduct successful surgeries on local individuals, even in the absence of the visiting neurosurgical team.17 The local medical staff were
also trained on proper sterilization and equipment maintenance. The presence of a neurosurgical training program
inspired other health project developments in the local
regions22 and improved confidence in the treatment for
the residing medical staff.16 In contrast, the most significant challenges identified for residing medical staff were
difficulties in long-term retention of locally training fellows and staff, deficient infrastructure, lack of an ability
to repair equipment, and lower compensation offered for
pediatric neurosurgery in comparison to adult care.2,9,16,27
Last, while 1-year fellowships were made available at
some sites, only a few applicants were able to successfully
complete the program, suggesting that long-term training
programs may be less effective in the initial development
of neurosurgical training platforms.1,2
Given the high prevalence of NTDs in many LMICs,
the available relevant literature has been systematically
reviewed with the hope of understanding current efforts
in international neurosurgical education. While all of the
identified programs incorporate broad general neurosurgical training, we specifically described the experiences
of treating NTDs in this context. Although in-country
training programs have resulted in better treatment outcomes for residing individuals,17 special consideration
must be given to the cultural and socioeconomic factors
that impact neurosurgical care. Cultural influences, such
as the belief that delivering unfavorable news is taboo, as
observed in Kenya, can lead local medical staff to avoid
telling families about potential illnesses or diseases,
leaving many children to go untreated.2 Additionally, in
rural areas of Africa, individuals seem to have a strong
community-oriented mindset that can lead families to
reject or hide members with disabilities, who contribute
less to communal tasks, thus delaying or avoiding treatment.16 Socioeconomic factors influence neurosurgical
treatment recommendations and guidelines. For instance,
it is commonplace in the US to use preoperative imaging
(i.e., MRI, etc.) to justify the need for surgical intervention in NTDs; however, the same resources are not available in LMICs,1,2 and alternative guidance for making a
decision to operate need to be considered. The use of a
mobile neuroendoscopic training intervention may be an
appropriate alternative, given its established feasibility to
improve patient outcomes and training opportunities for

medical staff in rural areas of Africa.20 In addition, the
significant costs associated with neurosurgical treatment
in low-resource countries often leads families to first seek
care from traditional medicine practitioners who utilize
non–evidence-based practices, which can delay surgical
treatment.2
The costs of treatment can also financially jeopardize a
family or an entire village depending on the procedure. For
this reason, the cost of treatment is often weighed against
an individual’s perceived QOL posttreatment. In fact, the
treating surgeon and/or medical personnel will often consider a child’s perceived degree of subsequent “meaningful life” (i.e., QOL) to initially determine whether or not to
treat the child, as described by Leland Albright, a US neurosurgeon who has dedicated his career to improving pediatric neurosurgery in LMICs.2 Therefore, it is important
that some awareness of the appropriate QOL measures be
incorporated into neurosurgical training programs and the
subsequently needed community-based rehabilitation.14
Educational Lessons for Global Neurosurgical Training
1. US residents and neurosurgeons should expect to encounter a large number of NTD cases during international rotations to low- and middle-income geographical regions. Therefore, US residency program directors
should advocate for specific education on how to care
for individuals with NTDs and how socioeconomic
factors can influence treatment options.
Global neurosurgical programs to treat NTDs are
sparsely reported in the literature and often limited by deficient infrastructure, limited resources, and lack of consistent in-country medical staff. However, these programs
benefit from global collaborations, which seem to improve
the skillset of local medical professionals in LMICs. Although at this time the relevant literature is sparse, it could
be hoped that in time there will be the needed documentation of improved outcomes resulting from these partnerships. To establish global collaborations that benefit
in-country training, physicians interested in global health
outreach can begin by contacting organizations such as the
World Pediatric Project (www.worldpediatricproject.org);
the Neurosurgery, Education, and Development Foundation (www.nedfoundation.wordpress.com); Samaritan’s
Purse International Relief (www.samaritanspurse.org); or
the Foundation for International Education in Neurological Surgery (www.fiens.org) to engage in active collaborations or to establish new partnerships. Additionally, to
participate in ongoing educational endeavors a number of
nongovernmental organizations with special focus on neurosurgical care, such as the International Federation for
Spina Bifida and Hydrocephalus (www.ifglobal.org) and
CURE Neuro (www.cure.org/neuro), can be contacted to
identify specific areas of service and projects in LMICs.
2. Medical providers involved in global neurosurgery
should describe and publish their experiences to foster
the development of evidence-based guidelines for treating NTDs in LMICs. Perspectives of the local health
care systems and reports of patient outcomes prior to
and following the implementation of neurosurgical
training programs have yet to be reported in the litNeurosurg Focus Volume 48 • March 2020
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erature, demonstrating a great need for local medical
personnel to disseminate their experiences. Each region presents with unique benefits and challenges that
should be systematically reviewed and incorporated
into global health education. In the new global health
paradigm, neurosurgeons have a role in educating
others internationally regarding the recently updated
“Guidelines for the Care of People with Spina Bifida”
(available at: https://www.spinabifidaassociation.org/
resource/guidelines/). Neurosurgeons can advocate for
guideline-based management and can leverage these
resources to inform and guide care in a number of key
issues (e.g., fortification, prenatal repair, tethered cord
syndrome, QOL, neurodevelopment/neuropsychology,
skin injury, and transitions across the continuum of
care, etc.) where applicable abroad.4
3. Additionally, the role for neurosurgeons in providing
education regarding QOL is critical, for among individuals with NTDs, QOL is an underrepresented area
of surgical education. Both neurosurgeons and medical
providers in community-based rehabilitation centers
should use standardized QOL measures appropriate for
NTD populations to improve overall health outcomes.
Metrics of QOL can be used preoperatively to make informed decisions regarding the benefit of neurosurgical
treatment. Standardized assessments such as the KIDSCREEN-10 (www.kidscreen.com) and QUALAS23–25
may be suitable metrics for measuring QOL in individuals with NTDs in these settings. Finally, linguistically
congruous (local language) study of QOL has enlarging relevance amid not only immigrants and refugees
in higher-income countries, but also clearly among internally displaced persons in LMICs.6
Limitations
We acknowledge several limitations common to systematic reviews and the nature of synthesizing large data
sets. To reduce these limitations, PRISMA guidelines
were followed. A second limitation of this review is that
articles were only reviewed if published in English or
Spanish, which may help explain why no articles were
found in Southeast Asia despite a high prevalence of
NTDs. Then again, a substantial paucity of collaborative
development of training programs in the region could not
be ruled out. The heterogeneity of pathology within this
population (i.e., NTDs, hydrocephalus, tethered cord syndrome, cranial trauma, etc.) also represents another limitation. However, only neurosurgical training programs that
reported outcomes for NTDs were included. Relatively
few publications met our inclusion criteria, making it difficult to make strong conclusions, but the qualitative nature
of the studies provided needed initial insight into global
health training for neurosurgery-related programs. Last,
no publications were written directly from the perspective
of the local medical personnel, but rather, proxy-reported
perspectives were provided by the visiting neurosurgical
team or collaborating institution in North America traveling to LMICs. It is critical for surgeons in LMICs to report
on their experiences to provide a more holistic understanding of how international training efforts are influencing
local medical practice. However, these findings may reflect
6

a lack of available resources needed to publish an article
in a peer-reviewed journal. To address these limitations,
global health educators should encourage participants to
describe and publish their unique experiences to improve
education and healthcare.

Conclusions

The various perspectives of the challenges and benefits of in-country neurosurgical training programs must
be considered to effectively promote the development of
neurosurgical care for individuals with NTDs in LMICs.
Future work needs to further investigate the in-country
professionals’ perspective, as well as the related outcomes.
Special consideration for cultural and socioeconomic influences (i.e., social determinants of health, such as language, culture, and immigration) is warranted when USbased surgeons are involved in service and training in
LMICs. Although neurosurgical care and training abroad
present unique challenges, it is evident that neurosurgeons
harbor the potential to advocate for and to serve this population through surgical education globally.
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