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Modern neurosurgery has catapulted into one of 
the most complex specialties in healthcare due 
to the individual and collective action of neuro-

surgeons across the globe. Giant leaps in patient care have 
transformed the field, turning once inoperable cases into 
standard practice. Countless lives have been changed by 
this progress, but its impact has been disproportionate. 
Around the world today, low- and middle-income coun-
tries (LMICs) have not benefited from advancements in 
neurosurgery; most have minimal or even no neurosurgi-
cal capacity in their entire country.15,17

Equitable distribution of healthcare advancements and 
overall improvement of quality healthcare has been and 
continues to be a major global challenge.25,57 Global health 
as an area of intellectual engagement began, in part, as a 
response to solving this problem. Most of the early work in 
global health focused on infectious disease, and only with-
in the last 10–15 years have global health efforts shifted to 
be fully inclusive of surgery, moving global surgery from 
its position as the “neglected stepchild.”18 The landmark 
work pushing global surgery into the international discus-
sion came in 2015 from the Lancet Commission on Global 
Surgery.39–41,45 In their seminal article, they explained the 
dire need for global surgery by exposing the vast inequi-

ties present in global access to safe, affordable, and quality 
surgery, and called for a global response.41 Global surgery 
leaders have responded; projects and interventions have 
continued to expand and flourish, with many innovative 
and impactful approaches being developed, piloted, and 
implemented worldwide.

Global neurosurgery is a niche area within global sur-
gery, and in the broader context of global health exists in 
relative obscurity. Despite its recent rise in prominence, 
global neurosurgery has existed for decades with tremen-
dous work being performed worldwide. As is the case with 
most global surgery efforts, the earliest work in global 
neurosurgery began as surgical camps to provide free sur-
gical services to those in dire need.13,29 Recent strategies 
have taken a broader approach, focusing on health system 
strengthening and cost-effectiveness with neurosurgery 
development as its driving force.26,50

As global surgery continues to grow and develop, so 
does global neurosurgery. In this paper we will examine, 
in broad strokes, the different ways in which individuals, 
organizations, and universities engage in global neurosur-
gery (Fig. 1). We will end with themes and potential strat-
egies for global neurosurgery moving forward. Undoubt-
edly some programs and activities will be missed in our 
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effort to describe the extent and reach of this field. Our 
paper provides examples and is not meant to lessen or not 
credit the dedicated individuals and organizations who 
have done, and continue to do, amazing work in global 
neurosurgery.

Global Neurosurgery Strategies
Global neurosurgery has been defined as “an area for 

study, research, practice, and advocacy that places priority 
on improving health outcomes and achieving health equity 
for all people worldwide who are affected by neurosurgi-
cal conditions or have a need for neurosurgical care.”12,46 
Recently, the Global Neurosurgery Initiative (GNI) at the 
Program in Global Surgery and Social Change (PGSSC) 
at Harvard University published an article showing that 
the annual case deficit—which is the number of essential 
neurosurgery cases needed beyond the current neurosur-
gical capacity—is nearly 2 million cases in the WHO’s 
African region and 2.5 million in the WHO’s Southeast 
Asian region.15 Pairing this with the plethora of other is-
sues surrounding the provision of surgical care in LMICs 
illustrates a stark global reality. For those who choose the 
profession of medicine to help those in need, regardless of 
their geographic location or socioeconomic status, this re-
ality is a strong call to action. This mindset, and for some a 
calling, is what drives neurosurgeons worldwide to engage 
in what is now defined as global neurosurgery (Fig. 2).

Surgical Camps (Provide Surgery to Those in Need)
Millions of individuals are afflicted by conditions that 

would improve if provided timely neurosurgical care. An 
immediate pathway to alleviating this suffering is for a 
neurosurgeon with the skills and time to travel to an area 
in need and perform as many procedures as possible. We 

are defining this strategy in global neurosurgery as a sur-
gical camp. At their core, neurosurgery surgical camps 
provide surgery to those in need, but variations exist in 
execution.

One of the earliest and still fairly common methods for 
neurosurgery surgical camps is for a single neurosurgeon 
(or a small neurosurgery team) to travel, at their own ex-
pense, to an LMIC and provide surgical services for some 
short period of time. Henry Marsh’s work in Ukraine that 
started in 1992 is a perfect example. His book Do No 
Harm38 and a documentary called The English Surgeon58 
are the best places to find specifics of his work in Ukraine. 
Marsh’s Ukrainian efforts represent the essence of indi-
vidual surgical camps: 1) exposure to inequities drives ac-
tion; 2) taking personal time, effort, and finances to travel 
and perform surgery; 3) repeated trips, usually on an an-
nual basis; and 4) developing a strong partnership with 
the local neurosurgeon(s) and hospital. A few examples of 
other efforts include Alessandro Olivi and Ben Carson’s 
trips to Ghana, Nigeria, and Kenya;28 Alfredo Quiñones 
and Michael Lawton’s trips to Mexico and the Philippines 
(https://missionbrain.org/about-us/); Paul Young and Jose 
Piquer’s trips to Kenya and Tanzania;49 Peter Nakaji’s 
trips to Tanzania, Peru, Ecuador, and Nicaragua;42 Charlie 
Teo’s work in Peru, Indonesia, and Vietnam;36,55 and Rob-
ert Dempsey’s work in Ecuador and Kenya.47 Numerous 
other neurosurgeons are participating in surgical camps 
set up individually or through institutional or foundational 
programs.

Institutional programs, usually at academic centers in 
high-income countries, have blossomed from individual 
efforts. What sets institutional programs apart from in-
dividual efforts is typically scale and expanded empha-
sis. The Co-Pilot Project (https://razomforukraine.org/
projects/cpp/) and International Neurosurgical Children’s 
Association (http://www.incachildren.org/team.asp) are 
two programs that currently work in Ukraine helping to 
provide neurosurgical care with an added emphasis on 
education and training of local practitioners. Another ex-
ample of an institutional program is Project Shunt out of 
the University of Michigan (https://medicine.umich.edu/
dept/neurosurgery/projectshunt), which has been going to 
Guatemala since 1997 and exists as a partnership between 
the Departments of Neurosurgery, Anesthesia, and Oper-
ating Rooms. The program from the University of Toronto 
is one of the larger endeavors, with more than 25 surgical 
camps to various hospitals in Indonesia, Ethiopia, Kenya, 
Zambia, Nigeria, Ukraine, Cambodia, and Ghana.2

Adding to the diversity are neurosurgical surgical 
camps sponsored and supported by various nongovern-
mental organizations (NGOs)/foundations, missionary 
groups, and corporations. Chaine de l’Espoir (Chain of 
Hope–Europe; https://www.chainofhopeeurope.eu) is a 
network of approximately 6 European NGOs that pro-
vide surgical care to populations in need across the globe, 
and some of their work, such as in Cambodia, focuses on 
neurosurgery patients. World Medical Missions (https://
www.samaritanspurse.org/what-we-do/world-medical-
mission-2/), which is part of the larger missionary orga-
nization Samaritan’s Purse, helps plan and link interested 
providers with medical and surgical camps around the 

FIG. 1. Representation of different strategies used in global neurosur-
gery.
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world. Some of their offerings include surgical camps for 
neurosurgeons, such as their partnership with Tenwek 
Hospital in Bomet, Kenya (http://friendsoftenwek.org/
neurosurgery/), which has been developing their neurosur-
gery capacity in recent years and examining outcomes.32 
Medical device companies have also pitched in, with 
some, like NuVasive, developing foundations or corporate 
responsibility departments that support global neurosur-
gical work. The NuVasive Spine Foundation has been 
sponsoring neurosurgical surgical camps for years, and 
just in 2018 supported nearly 20 trips to all parts of the 
world (https://nuvasivespinefoundation.org/mission-trips/
partnerships/).

Military interventions are frequently left out of the 
discussion despite the fact that many military operations 
have focused on improving neurosurgical care. For the 
ones that are publicized, these missions start as a way to 
provide care for injured troops with head injuries.60 These 
efforts then expand to include the local population out of 
necessity and as a way to give back to the local communi-
ty. Examples include neurosurgery capacity development 
during military operations in Iraq and Afghanistan.4,5,11,30 
There are likely many more of these efforts that do not 
make it into the public sphere of academic knowledge.

Education (Improve Care Provision)
Sustainability is a common theme cited as an ethical 

dilemma for neurosurgery and surgical camps.43,59 Many, 
if not all, of the surgical camps listed above have respond-
ed to this dilemma by expanding their efforts to include 
education and training of local providers. Education is 
seen as a central tenet for developing long-term, sustain-

able solutions to the issues faced in global neurosurgery. 
In defining this strategy of global neurosurgery engage-
ment, we must differentiate education from formal train-
ing in neurosurgery. Education in this context is defined 
by interventions that focus on skills transfer, teaching 
medical students/residents/neurosurgeons about specific 
conditions by giving lectures, and providing educational 
materials such as books, pamphlets, and videos. Global 
neurosurgery education programs seek to improve the 
quality of care that is provided in the country through 
sharing and improving knowledge. This is distinct from 
training, which is a formalized process meant to increase 
the number of neurosurgeons or neurosurgery-capable 
professionals in the country.

A common scenario faced in global neurosurgery is a 
hospital that has one neurosurgeon operating in less than 
ideal conditions, usually in an operating room shared with 
other specialties. The neurosurgeon likely completed their 
formal training outside of their home country and choose 
to return.27,51 In this setting, education becomes important 
for a variety of reasons. First, many of the LMIC neuro-
surgeons have been operating below their level of training 
due to resource limitations. This means that even formally 
trained neurosurgeons in LMICs require some level of 
education and skills transfer when global neurosurgery ef-
forts bring modern equipment that they have not used in 
years, or ever.31,48 Second, education of the next generation 
of interested students becomes exceedingly challenging 
when you are the only neurosurgeon in your district, re-
gion, or country. Global neurosurgery programs allow for 
interested students to learn and become interested in neu-
rosurgery, and many trips have lecture series embedded 
that discuss common neurosurgical conditions and man-

FIG. 2. Distribution of global neurosurgery projects. Blue circles represent the individual, institutional, and foundational programs 
supported in high-income countries (HICs). Orange circles represent the LMICs these projects operate in. Note: this map is only 
for projects mentioned/described in this article. Figure is available in color online only.
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agement. An example of this type of program is the Weill 
Cornell Medicine Neurosurgery Mission in Tanzania, 
founded in 2008 by Roger Härtl, which has added training 
components to their trips in addition to setting up a fel-
lowship cosponsored by Fundación NED (Neurocirugia 
Educacion y DeSarrollo; https://nedfoundation.wordpress.
com/about-2/), a nonprofit organization based in Valen-
cia, Spain, and supported by Paul Young, José Piquer, and 
Mahmood Qureshi. Third, many LMICs have limited ac-
cess to educational materials like books, operative videos, 
and other educational supplies, so an important facet of 
some programs is donating and setting up access to these 
materials to all interested providers and students. Educa-
tion of biomedical engineers and technicians is also part 
of some programs as maintenance of donated equipment 
and supplies is vital to having an impact beyond the sur-
gical camps.22 Lastly, extremely complex cases and “first 
ever in country” cases are common during surgical camps; 
thus, education of neurosurgeons through skills transfer 
during the case is the only way to create competencies so 
that those procedures can be performed outside of surgical 
camps. Additionally, due to the need for complex medical 
management and the short-term nature of many trips, edu-
cation on postoperative follow-up is imperative for suc-
cessful neurosurgical outcomes.

Training (Increase the Number of Neurosurgeons)
Training more neurosurgeons and neurosurgery-capa-

ble providers is the only solution for closing the gap in the 
neurosurgeon-to-population ratio. Global neurosurgery 
engages in training through the development of visiting 
residencies or fellowships, development of in-country resi-
dency or fellowship programs, and formalized neurosurgi-
cal skills transfer to other healthcare professionals to de-
velop their ability to care for neurosurgery patients.

The University of Toronto has been training LMIC 
neurosurgeons as part of their Neuro-oncology and Skull 
Base Surgery Fellowship at the Toronto Western Hospital 
since 2010.2 This fellowship is a 1-year program that al-
lows for the visiting trainee to be exposed to and learn the 
latest techniques and then return to their home country. A 
similar fellowship in pediatric neurosurgery has been es-
tablished at the Hospital for Sick Children (https://surgery.
utoronto.ca/fellowship-clinical-pediatric-neurosurgery). 
“Brain drain” (the emigration of highly qualified people) 
is a common criticism brought against these types of pro-
grams, and while evidence implicating any one program is 
scarce, the phenomenon is undeniably present.52

One way to address the concern of brain drain is to 
develop long-term training programs in the LMIC. An 
example is the collaboration between Project Medishare 
and the Global Institute of the University of Miami Mill-
er School of Medicine. They have developed a program 
in Haiti to train general surgeons to become neurosur-
geons.53 Other training programs have been developed by 
a neurosurgeon moving to the LMIC. Benjamin Warf in 
Mbale, Uganda, and A. Leland Albright in Kijabe, Kenya, 
are two perfect examples of neurosurgeons who decided 
to do just that. Benjamin Warf in partnership with CURE 
International helped develop a pediatric neurosurgery 
training program in Uganda, which now has visiting train-

ees from across Africa.14 Warf’s work additionally led to 
advancements in the care of patients with hydrocephalus 
in LMICs, which are being applied globally.8,33,34,54 A. 
Leland Albright was able to accomplish a similar feat in 
Kijabe, Kenya, accompanied by his wife Susan Ferson. 
They moved to Kijabe, Kenya, in 2010 and helped care for 
patients while developing a training program for pediatric 
neurosurgeons (https://kenyainitiative.weebly.com/about.
html).24,44 Both of these efforts exemplify what can be ac-
complished in global neurosurgery with motivated global 
neurosurgeons and outstanding in-country neurosurgeons 
and partnerships.

The Foundation for International Education in Neuro-
logical Surgery (FIENS) has been promoting the training 
of neurosurgeons on a global scale since 1969.3 FIENS 
has made tremendous impacts in Central America, South 
America, Asia, and most recently Africa, due to the past 
leadership of Merwyn Bagan and current leadership of 
Robert Dempsey. An important distinction of the work 
FIENS has engaged in has been its emphasis on the devel-
opment of in-country residencies/fellowships to train neu-
rosurgeons. Providing in-country opportunities for neuro-
surgery training is a massive step toward decreasing the 
gap in neurosurgical care and creating a sustainable future 
for neurosurgery in LMICs. The Neurosurgical Training 
Program of East Africa led by Moody Qureshi from Ken-
ya and approved through the College of Surgeons of East, 
Central, and Southern Africa (COSECSA) has developed 
neurosurgery training programs in Ethiopia, Kenya, Tan-
zania, and Uganda.6 Our group, Duke Global Neurosur-
gery and Neurology (DGNN), helps support the Uganda 
program, which started in 2009, and to date we have been 
able to train 5 Ugandans to become neurosurgeons, gradu-
ated the first woman neurosurgeon this past year, and have 
6 more residents in the program.27 In Ethiopia, the neuro-
surgery training program has been incredibly successful at 
increasing the number of neurosurgeons and the number 
of neurosurgery cases performed and has been supported 
since 2004 through a partnership between the University 
of Bergen, Haukeland University Hospital, the Black Lion 
Specialized Hospital, and a private hospital in Addis Aba-
ba.37

Task-shifting or training an entry-level provider to do 
very specific tasks has been widely used throughout glob-
al health, and has advocates within global surgery due to 
its expediency and implications on cost.9,10,19 Faced with a 
neurosurgeon ratio gap that is nearly impossible to close 
expeditiously, the length of time it takes to fully train a 
neurosurgeon, and the increased incidence of traumatic 
brain injuries requiring care,16 global neurosurgery strat-
egies have included task-shifting as a necessary compo-
nent. Led by Dilan Ellegala, a successful task-shifting 
model described as “train forward” has had great success 
in Tanzania through an organization called Madaktari Af-
rica (https://www.madaktari.org) whose mission is to “ad-
vance medical expertise and care in sub-Saharan Africa 
through the training and education of local medical per-
sonnel.”20 While this model may not be applicable in all 
LMICs, using a “train-the-trainer” model and having neu-
rosurgeons teach general surgeons how to perform basic 
neurosurgery trauma procedures is a viable solution to not 

Unauthenticated | Downloaded 05/23/23 11:21 PM UTC



J Neurosurg Volume 131 • October 2019 997

Haglund and Fuller

only increase capacity but also decentralize neurosurgical 
care, which is usually localized to major city centers.7,17

Health System Strengthening, Health Policy, and 
Advocacy (Improve the System of Care)

Expert global opinion is shifting within global health 
beyond vertical projects, specific to one condition or dis-
ease, to horizontal projects, which aim to address the un-
derlying issues within the health system in LMICs.21 This 
change has occurred partly due to the fact that noncommu-
nicable diseases and chronic conditions cannot be solved 
by the traditional approaches applied to infectious disease. 
Global neurosurgery work falls within this mindset shift 
as surgery provision in its best form requires a well-func-
tioning health system.41 Within the past 5–10 years more 
neurosurgery groups are broadening their scope to include 
health system strengthening projects, examining health-
care policy, and advocating at national and international 
levels. This strategy of global neurosurgery focuses on the 
system of care surrounding neurosurgeons and their pa-
tients. While there are more programs domestically and 
abroad, we wanted to highlight two in the US engaging in 
global neurosurgery at this level: Duke Global Neurosur-
gery and Neurology (DGNN) (our group) at Duke Univer-
sity, and the Global Neurosurgery Initiative (GNI) at the 
Program in Global Surgery and Social Change (PGSSC) 
at Harvard University.

DGNN traces back to 2007, when the first surgical camp 
to Uganda occurred with a focus on providing neurosurgi-
cal care, bringing much-needed equipment, and training 
the local neurosurgeons and other healthcare providers.26 
In 2014, DGNN officially became a formal division in the 
Duke Department of Neurosurgery and its focus expanded 
to include strengthening health systems. Our approach to 
strengthening health systems entails looking at the entire 
healthcare continuum for neurosurgery patients from pre-
hospital care to in-hospital care, and ultimately patients 
returning to their communities. Using this approach, we 
have been able to complete epidemiology research to un-
derstand the burden of surgery across Uganda56 and out-
comes research to examine the impact on patients in our 
partner hospitals,1,23 develop interventions for improving 
transitions of care, and set up databases35 and infrastruc-
ture for continued research and in the near-future clinical 
trials in neurosurgery and neurology. Using our published 
work and internally generated metrics, we have been able 
to work closely with Ugandan public hospitals to improve 
the provision of neurosurgery, discuss policy changes with 
the Ugandan Ministry of Health, and advocate nationally 
and internationally for health system changes.

The PGSSC is a collaborative effort between the Har-
vard teaching hospitals, Department of Global Health and 
Social Medicine at Harvard Medical School, Boston Chil-
dren’s Hospital, and Partners In Health.15 PGSSC’s pri-
mary objective is to advocate for universal access to safe, 
affordable surgical, obstetric, and anesthesia care when 
needed. The GNI exists within PGSSC’s framework and 
focuses on research, policy, and advocacy within global 
neurosurgery. Their research has produced metrics show-
ing the magnitude of the problem we face in global neuro-
surgery. Ongoing work from GNI includes pediatric neu-

rosurgical training in Mbale, Uganda; research examining 
health policy and economic implications for global neu-
rosurgery; and global surveys examining neurosurgeon 
perspectives and current capacity in LMICs, which is be-
ing conducted in partnership with the World Federation of 
Neurosurgical Societies (WFNS) and the National Insti-
tute for Health Research Global Health Research Group 
on Neurotrauma.

Way Forward
Global neurosurgery faces tremendous challenges that 

no single individual, organization, or university is able to 
solve. While each of the strategies detailed above pushes us 
in the right direction, we advocate that for our field to truly 
make a global impact we must 1) change our scope to focus 
on the systemic issues within the LMICs, which is best done 
through the lens of health system strengthening; 2) develop 
broader data sets leveraging the various successful databas-
es already in existence to create global metrics and to serve 
as platforms for collaborative research; and 3) collaborate 
on the global scale by bringing together the expertise from 
the various entities engaged in global neurosurgery through 
annual conferences, centralizing where to turn for guid-
ance, and developing a cohesive global strategy.

A health system strengthening approach allows us to 
work collaboratively and engage in better research and 
advocacy. Long-lasting neurosurgical advancement in 
LMICs is impossible without concordant advancements in 
anesthesiology, nursing, physical therapy, and biomedical 
engineering, to name a few. Expertise in these other areas 
allows for cohesive health system planning that is not myo-
pic for any single specialty. At the health system level, part-
nerships allow for the development of projects and research 
that have the potential to sway national and international 
policy. Single-ward, single-site projects are less likely to 
change national policy. Lastly, this level of focus provides 
an ability to advocate on the individual level, allowing for 
immediate change, while advocating at the systemic level, 
which has the ability to create long-term change.

Big data, predictive modeling, and machine learning 
are all tools that have the capability to generate change on 
a global scale. Within global neurosurgery there is a lack 
of large data sets, especially data sets with multiple LMIC 
data included. This lack of data decreases our ability to 
truly understand the scope of the problem, model econom-
ic impact of different strategies, and understand the true 
impact of the strategies listed above. Some groups have 
been able to produce data on outcomes, economic impact, 
and burden, but at the moment data sets are isolated and 
have not been merged. Large data sets from multiple coun-
tries allow us to develop broader research questions and 
test their impact, which is a major deficit in global neuro-
surgery at the moment.

Global collaboration, beyond sharing and merging 
data, is the only way to effectively work in this field as 
our challenges are too daunting to handle alone. Surgical 
camps would be improved if groups working in the same 
country knew about each other’s activities. This could cut 
down on overall costs and duplication of efforts, and allow 
for a broader national strategy to be developed. Educa-
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tion programs would be improved as materials and mod-
els that have worked could be used in other settings, and 
a global repository for educational materials for LMICs 
could be developed, much like the goal of the nationwide 
US Neurosurgery Matrix Program and teaching programs 
emanating from Canada.2 Training programs would be 
improved by shifting financial implications, broadening 
the clinical exposure experiences, and allowing better ad-
vocacy at the governmental level for trainees to enter the 
public healthcare system.

Fortunately, there have been many recent efforts to 
spark the global collaboration within global neurosurgery. 
Global neurosurgery has taken the spotlight at many re-
cent neurosurgery conferences such as the WFNS and 
AANS. The Bogota Declaration was developed which 
outlines the field and its purpose within global surgery 
(https://globalneurosurgery.org/bogota-declaration/). Hav-
ing neurosurgeons in positions of leadership at the WHO, 
such as Walter Johnson, MD, allows for a broader impact 
and understanding of the great need for neurosurgical care 
in LMICs. Additionally, there is the Consensus Statement 
on Global Neurosurgery (https://globalneurosurgery.org/
consensus-statement/), which provides an analysis of what 
the field should be doing and provides recommendations on 
priorities. These efforts are clear steps toward global col-
laboration; with continued support we will realize our goal 
to work together to solve the challenges facing our field.

Conclusions
Global neurosurgery is a burgeoning field in which its 

key players strive to make a difference through surgical 
camps, educational programs, training programs, health 
system strengthening projects, health policy changes/de-
velopment, and advocacy. In recent years, the field has 
begun coalescing with large strides taken to develop a co-
herent voice for this work. This large-scale collaboration 
via multilateral, multinational engagement is the only true 
solution to the issues we face in global neurosurgery. Key 
players have begun to come together toward this ultimate 
solution, and the future of global neurosurgery is bright.
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