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Abstract: 
 
The recent emphasis on surgery as an essential yet neglected component of global health 
care has drawn attention to the lack of pediatric neurosurgery in low- and middle-income 
countries (LMICs). Most LMICs have very few neurosurgeons able or willing to care for 
children, leaving few access to care for readily treatable conditions, like pediatric 
hydrocephalus and spina bifida. Herein, we review the role of pediatric neurosurgeons to 
improve hydrocephalus management and medical education in LMICs. A literature search on 
global pediatric neurosurgery was performed using the Pubmed database from the year 2000 
to October 5th, 2021. The majority of current pediatric neurosurgical efforts focus on the 
management of hydrocephalus. Endoscopic third ventriculostomy (ETV) with or without 
choroid plexus cauterization (CPC) has emerged as an effective alternative to 
ventriculoperitoneal (VP) shunting for CSF diversion in LMICs. Neurosurgical programs in 
LMICs are most successful when twinning is used to pair the program with an established 
center in a high-income country (HIC). Multiple international pediatric neurosurgical efforts 
aim to provide medical expertise, infrastructure, and surgical education to LMICs. The next 
step in developing sustainable surgery programs in LMICs includes establishing local training 
programs. Existing global pediatric neurosurgery programs are most successful when 
partnered to an experienced center in a HIC. A lack of funding, resources, and training 
programs all pose barriers to increasing the pediatric neurosurgical capacity in LMICs. Future 
global neurosurgery efforts may look to other neurosurgical conditions with high burdens of 
diseased in LMICs, like epilepsy. 
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Introduction 
 
Global health efforts have only recently 
shifted to include surgical intervention. In 
2005, the World Health Organization (WHO) 
established a global initiative that focused 
on surgery for the first time.1 The WHO 
campaign created a forum for all 
stakeholders involved in global surgery to 
determine recommendations for 
establishing global surgery programs in low- 
and middle-income countries (LMICs).2 Even 
then, this change only came about in the last 
10 to 15 years, and global health efforts 
rarely focus on specialties like pediatric 
neurosurgery.3 There is a great discrepancy 
between the availability of neurosurgeons in 
high-income countries (HICs) and LMICs. In 
HICs, there is approximately one 
neurosurgeon per 100,000 people, but in 
LMICs there is one neurosurgeon for one 
million people.4 As many as 90% of patients 
that require surgery in LMICs do not have 
access to a neurosurgeon.5 The greatest 
deficit of neurosurgeons is seen in Southeast 
Asia.6 Limited resources, poor healthcare 
infrastructure, and few sustainable training 
programs all pose barriers to neurosurgery 
in LMICs. These barriers are even higher for 
pediatric neurosurgery, as the development 
of surgical care for children often lags behind 
that of adults. Despite these barriers, the 
number of neurosurgery programs in LMICs 
has increased over time, especially following 
the WHO initiative.7 Efforts focused on 
improving access to hydrocephalus care 
have led to a shift in treatment, away from 
cerebrospinal fluid (CSF) 
ventriculoperitoneal (VP) shunting, toward 
techniques that avoid shunt placement, such 
as standalone endoscopic third 
ventriculostomy (ETV) or coupled with 
choroid plexus cauterization (CPC). More 

recently, the need for surgery to treat 
intractable epilepsy in LMICs was identified, 
although few pediatric epilepsy programs 
exist outside of HICs.8 Academic work in 
global neurosurgery has grown rapidly since 
the 1980s. A Pubmed review showed 136 
results for a search using the MeSH terms 
global surgery and neurosurgery with 23 
results coming from the 80s and the rest 
published between 1990 and 1999. 
 
Methods 
 
A literature search was conducted using the 
Pubmed database from the year 2000 to 
October 5th, 2021, to identify current and 
contemporary pediatric neurosurgery 
efforts in global surgery. The following MeSH 
terms were used: global surgery, 
neurosurgery, pediatric, developing 
countries, pediatric hydrocephalus, and 
tuberculosis (TB) meningitis. This review was 
limited to English-language literature only.  
 
Results 
 
Literature Search  
 
The literature search using Pubmed for the 
MeSH terms global surgery and 
neurosurgery yielded 2,945 results. Of these, 
there were 2,706 manuscripts published 
from the time period studied. Children, from 
newborns to a 18 years, were the subjects of 
422 publications. The search was narrowed 
to focus on treatment of pediatric 
hydrocephalus in LMICs using terms like 
developing countries, pediatric 
hydrocephalus, and TB meningitis.  
 
 
 
 



Journalofglobalneurosurgery.net  Hernandez et al. 

 
Burden of Disease 
  
To meet the general need for only necessary 
neurosurgical cases, an estimated additional 
20,000 neurosurgeons would be needed 
worldwide.7 These calculations often 
underestimate the need for pediatric 
populations, which require surgeries that 
improve quality of life and long term 
neurodevelopmental outcomes. However, 
pediatric populations also have a greater 
burden of disease requiring neurosurgical 
intervention that can be addressed in 
LMICs.7 Some neurosurgical conditions, like 
pediatric hydrocephalus, are even more 
common in LMICs.9,10 The increased 
incidence of perinatal infections leads to an 
increased occurrence of post-infectious 
hydrocephalus.11,12 In LMICs where 
tuberculosis is prevalent, such as countries in 
Africa and Southeast Asia, tuberculosis 
meningitis can lead to post-infectious 
hydrocephalus which has high mortality 
rates if left untreated.13 Due to its 
prevalence and the feasibility of surgical 
intervention, hydrocephalus is the condition 
most treated by pediatric neurosurgeons in 
LMICs. The highest rates of pediatric 
hydrocephalus are in Africa, Latin America, 
and Southeast Asia.9 In Sub-Saharan Africa 
alone, an estimate of 225,000 cases of 
infantile hydrocephalus develop each year. 
There is also a great need for pediatric 
neurosurgery in Haiti.3 Early surgical 
intervention is proven to decrease childhood 
morbidity highlighting the importance of 
adequate neurosurgical capacity in areas of 
need.14 Hydrocephalus has the possibility of 
placing a higher burden of disability than 
other conditions that global health efforts 
address and considering that it is one of the 
more treatable neurosurgical conditions, it is 
clear why initial global neurosurgery efforts 
have led with pediatric hydrocephalus 

management.9 The cost-benefit ratio for 
treating pediatric hydrocephalus in LMICs 
was estimated using a year’s worth of data 
from the CURE Children’s Hospital of 
Uganda. The total cost of neurosurgical 
intervention over the year was compared to 
the benefit of money that will not be spent 
on disability-adjusted life years (DALYs) for 
these children. The cost-benefit ratio for 
treating hydrocephalus in infants is seven to 
one, further supporting increased access to 
pediatric neurosurgery in LMICs.11 At a single 
center in Haiti, the increased neurosurgical 
capacity for treating infantile hydrocephalus 
is estimated to produce $2.5 to $5.5 million 
economic benefit in one year by decreasing 
the number of disability-adjusted life 
years.15 
 
Surgical Management of Hydrocephalus: 
VPS vs. ETV CPC 
 
Since the inception of global neurosurgery 
programs, VP shunting remains the standard 
of care for hydrocephalus, in most LMICs.16 
Still, about 40% of VP shunts placed in LMICs 
fail within 2 years.17 VP shunting is also 
associated with a 5-9% post-operative 
infection rate.18 Furthermore, managing a 
child with hydrocephalus and a VP shunt 
requires on-going care and monitoring for 
post-operative complications, shunt failures 
or malfunctions, and infections.19 
Endoscopic third ventriculostomy (ETV), 
coupled with choroid plexus cauterization 
(CPC) in the infantile population, is an 
alternative to VP shunting for CSF diversion. 
It has emerged as a popular management 
technique for hydrocephalus, especially in 
LMICs, as it avoids the need for costly shunt 
hardware. A patient’s potential success with 
ETV can be approximated by the ETV Success 
Score; older patients with obstructive 
etiologies, without prior shunts, yield the 
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most favorable results.20 For etiologies that 
have higher success rates, like 
myelomeningocele, as many as 76% of 
patients can have their hydrocephalus 
managed with ETV CPC.21 In some cases, 
ETVs are less likely to fail than VP shunts over 
time, and most ETVs that fail will do so in the 
first six months following surgery.22,23 In 
studies comparing VP shunting and ETV CPC 
in a LMIC, similar failure rates, 
complications, and cognitive outcomes were 
shown.23,24 Patients treated with ETV CPC 
may have better outcomes reported due to 
selection bias as etiologies that tend to have 
worse outcomes, like post-infectious 
hydrocephalus, may be treated with a VP 
shunt over ETV CPC at the surgeon’s 
discretion.12A recent randomized controlled 
trial assessing the neurocognition of children 
who underwent VP shunting or ETV CPC, also 
demonstrated comparable outcomes.23 
Since VP shunting and ETV CPC can have 
similar outcomes, one of the main 
advantages of ETV CPC is the possibility of 
shunt independence.21 A study on 
myelomeningocele patients found a 72% 
success rate for an initial ETV CPC and if an 
ETV is repeated the success rate increased to 
78% for the cohort.25 Similar results have 
been reported for other etiologies including 
encephalocele where a study reported an 
80% success rate after five years and 
congenital idiopathic hydrocephalus that 
another study determined a 72.4% success 
rate at four year follow up.21,26 
 
Pediatric Neurosurgical Training  
 
Successful pediatric neurosurgery programs 
in LMICs include training neurosurgeons and 
developing training programs in that 
country. Surgeons from LMICs that attend 
training programs in HICs may choose not to 
return in their country of origin to practice.27 

For the physicians that do return, the 
neurosurgeons often practice below their 
training level due to a lack of resources.27 
This coupled with the lack of pediatric 
neurosurgery training programs in LMICs 
leaves many patients without adequate 
access to neurosurgical intervention. 
Establishing training programs is difficult, 
however, as there is usually only one 
educator from a HIC that stays for short 
periods to work with the trainees in the 
LMIC. Pediatric neurosurgery training 
programs also increase the number of 
surgeons very slowly. The workforce can 
only be expanded as quickly as the length of 
time it takes to train a neurosurgeon. 
Generally, the trained neurosurgeons treat 
both children and adults as the number of 
neurosurgeons in LMICs is limited, although 
some subspecialty fellowships exist.6,16 For 
this reason, training non-neurosurgeons to 
treat conditions like traumatic brain injuries 
has been suggested. While training general 
surgeons to do simpler neurosurgical 
procedures would expand the capacity for 
treating neurosurgical cases, opponents 
suggest that this may do more harm than 
good.28,29 A coalition of African 
neurosurgeons responded to the trend of 
training general surgeons in LMICs to do 
neurosurgical procedures by arguing that 
sometimes the procedures themselves carry 
more risks than lack of treatment and that 
bad neurosurgical technique can have fatal 
complications.29 There is also the argument 
that if other physicians are trained to 
perform neurosurgical procedures local 
governments and institutions will not invest 
in training programs for neurosurgeons. The 
establishment of neurosurgery training 
programs in LMICs is already limited by a lack 
of funds and limited availability of mentors 
for trainees.30 
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Training programs in LMICs generally 
emphasize the importance of post-operative 
and follow-up care as the partners from HICs 
may not stay for long after the surgical 
intervention. Most global neurosurgery 
residency programs create their curriculum 
to follow guidelines set by the Accreditation 
Council for Graduate Medical Education 
International and the Foundation of 
International Education in Neurological 
Surgery.31 Both aim to provide training that 
will meet the neurosurgical need of the local 
program and establish sustainable academic 
expansion in a low resource setting. The 
establishment of neurosurgery programs in 
LMICs face several challenges. Local experts 
are not always consulted when programs are 
established in LMICs although their 
involvement would likely provide 
meaningful insight and improve the 
sustainability of such programs. 
Furthermore, many global surgery efforts 
treat all LMICs as a monolith when in reality 
there is unlikely one solution to increase 
neurosurgical capacity that would apply to 
all countries in need.29 For instance, in Haiti 
specific limitations like political instability 
and vulnerability to natural disasters act as 
barriers to global health efforts.32 However, 
many limitations to global surgery programs 
are shared amongst LMICs.   
 
Current Efforts 
 
About 30% of the global disease burden is 
surgical.33 Traditionally, global surgery 
efforts relied on volunteer surgeons who 
worked out of surgical camps and shared 
operating rooms. Now, more institutional 
programs affiliated with academic centers 
and hospitals in HICs are focused on creating 
more sustainable surgery programs.28 An 
example of an existing partnership that 
focuses on treating pediatric hydrocephalus 

is found at the Hospital Bernard-
Mevs/Project Medishare in Haiti.31 Prior to 
the establishment of this program, Haiti only 
had 0.05 neurosurgeons per 100,000 
people.34 Project Medishare, which was 
initially focused on primary care in the 
Haitian Plateau region, rapidly evolved  after 
the 2010 earthquake with establishment of 
Haiti’s first trauma center.31 Initially, 20% of 
the patients brought to the trauma center 
were neurological cases requiring a surgical 
evaluation.34 Over time, only 3% of surgical 
cases required neurosurgical intervention. 
However, this number does not reflect the 
need for neurosurgical care for  the many 
other neurologic conditions that affect the 
pediatric population.35 After the 2010 
earthquake, volunteer medical staff from 
the United States provided critical care to 
address any neurological trauma patients. 
This led to the realization of the 
neurosurgical need that exists in Haiti and 
urged neurosurgeons to begin a monthly 
rotation to train Haitian clinicians in basic 
neurosurgical procedures. Over time, this 
relationship expanded to the neurosurgical 
training partnership that exists through 
Project Medishare today.31 Experiences from 
Project Medishare in Haiti, the CURE 
Children’s Hospital of Uganda, the Kijabe 
Hospital in Kenya, and the Ukraine Paediatric 
Fellowship Program exemplify how training 
programs can improve access to pediatric 
neurosurgery in LMICs.31,30,36 
Surgeons participating in global health 
efforts recommend establishing local 
surgery programs to best serve patients in 
the community. The most common 
approach is through “twinning” by matching 
one or more HIC centers a with one center in 
a LMIC through a supportive partnership.28 
In these partnerships, the center in the HIC 
would offer neurosurgical services at first 
while they help identify and address local 
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resource needs with the goal of a sustainable 
program. Participants from the center in the 
HIC would educate and train the surgical 
staff in the LMIC, while providing guidance 
for research and expansion efforts. The Duke 
University Medical Center collaborated with 
the National Hospital of Uganda in a “two-
pronged twinning” approach that offered 
supplies and surgical training.28 Over two 
years, this approach had a significant 
increase in the number and complexity of 
neurosurgical cases and effectively 
increased the surgical capacity of the 
program in Uganda. This type of program has 
increased in number since the early 2000s.  
Pediatric neurosurgery programs 
established in LMICs aim to have equal 
surgical outcomes to centers in HICs. 
Initially, overwhelming patient need, late 
presentation due to lack of access resulting 
in large numbers of children with advanced 
disease,  a lack of local experience and 
surgical capacity causes LMICs to have 
resulted in worse surgical outcomes.10 Low 
case volumes in LMICs, due to limited 
surgical capacity, are associated with high 
mortality rates for neurosurgical 
procedures.5 Over time, the surgical 
outcomes are expected to improve with 
experience. A more recent study on ETV CPC 
outcomes in patients with infantile 
hydrocephalus in Haiti has shown 
comparable success rates and shunt 
independence to other pediatric 
neurosurgical centers in LMICs.37 As 
pediatric neurosurgery programs in LMICs 
grow and gain experience surgical outcomes 
are expected to improve.  
 
 
 
 
 
 

Discussion 
 
Hydrocephalus is one of the most common 
focuses of global pediatric neurosurgery 
programs. Endoscopic third ventriculostomy 
(ETV) with or without choroid plexus 
cauterization (CPC) is noted as an effective 
alternative to ventriculoperitoneal (VP) 
shunting in LMICs where regular follow up 
and the possibility for multiple interventions 
needed is less feasible than in HICs. Overall, 
global pediatric neurosurgical efforts aim to 
provide medical expertise, infrastructure, 
and surgical education. The establishment of 
local training programs are most successful 
when paired with a HIC using the twinning 
method and when existing local clinicians 
are involved. 
 
Limitations and Future Directions in 
Hydrocephalus Management 
 
Several limitations exist in addressing the 
pediatric neurosurgical need in countries 
with limited resources. Namely, the 
healthcare infrastructure in LMICs makes 
specialized surgeries, like pediatric 
neurosurgery, difficult.32 Following the 
devastating earthquake in 2010, a volunteer 
neurosurgeon working in the tent hospitals 
set up immediately after the earthquake, 
remarked on the challenges faced like 
working in surgical suites that did not have 
specialized lighting and minimal suction.38 
Aside from a lack of materials, the health 
systems in LMICs may not be prepared to 
handle a larger surgical caseload. Many 
times the materials used in the surgical 
programs established by partners in HICs are 
donated used equipment or nearly outdated 
disposables.32 Access to safe and timely 
neurosurgical care requires an effective and 
well-resourced existing healthcare system in 
place to be succesful.5 For instance, visiting 
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neurosurgeons from HICs or neurosurgeons 
that trained in HICs can only ethically 
perform surgeries that the current 
healthcare system in the LMIC can support.39 
Global neurosurgery efforts need to invest in 
existing local healthcare systems to create 
sustainable solutions to meeting 
neurosurgical need.40 The Ukraine Pediatric 
Fellowship Program (UPFP) is an example of 
how to improve existing healthcare systems 
by working with local pediatric physicians to 
ensure that neurosurgery programs are self-
sufficient long term.36 The UPFP established 
endowed funds that could support the 
program while coordinating specified time 
points for education and mentorship with 
the partners at the Hospital for Sick Children 
in Canada. The creation of sustainable 
neurosurgical programs in LMICs increases 
the capacity for neurosurgery, but they also 
have their limitations. The medical mission 
model where surgeons from HICs volunteer 
in LMICs for short periods is proven to be an 
impractical solution to meeting the long 
term surgical need.41 Sustainable programs 
in global surgery should focus on educating 
professionals in the LMICs and transferring 
skills that will allow the program to continue 
and grow.  
Once programs are established, partnerships 
in LMICs need to focus on decentralizing 
care. Often the few neurosurgeons available 
in a LMIC practice only in urban areas, like 
the capital.42 This leaves patients in rural 
areas still without access to the care they 
need. Programs established to increase the 
availability of neurosurgical care in LMICs 
should consider this to improve the access of 
all communities.  
 
Study Limitations 
 
This non-systematic review was limited by 
several factors related to the parameters of 

the study. When analyzing data from LMICs 
we only used English-language literature so 
viewpoints from manuscripts published in 
other languages spoken in these centers 
were not able to be included. Similarly, 
neurosurgery programs established in LMICs 
may focus on clinical efforts and often do not 
participate in the dissemination of research 
until the program is more experienced. This 
creates a paucity of data from the countries 
with the greatest need for neurosurgery and 
limited our analysis. Similarly, selection bias 
in which papers were included further 
limited our study. The study focused on 
original research published in the last twenty 
years to obtain an understanding of 
contemporary management of 
hydrocephalus, especially after ETV CPC was 
implemented as an alternative to VP 
shunting in the early 2000s. The selection of 
studies was not random, but rather our 
analysis focused on neurosurgery programs 
in LMICs that treat pediatric hydrocephalus. 
The use of other databases, in addition to 
Pubmed, may have provided more results 
and can be considered for further analysis of 
global neurosurgical efforts in managing 
hydrocephalus or other neurosurgical 
conditions in LMICs.  
 
Conclusions 
 
The recent emphasis on global surgery has 
allowed pediatric neurosurgery to become 
available in LMICs where it was very limited 
if at all available before. Currently, global 
pediatric neurosurgery focuses on 
hydrocephalus. Recent introduction and 
data on the use of ETV CPC, in addition to VP 
shunting, has opened new frontier for a 
more feasible and sustainable method of 
hydrocephalus treatment in limited resource 
settings. Studies thus far prove that VP 
shunting and ETV CPC have similar success 
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rates, complications, and cognitive 
outcomes when used to treat pediatric 
hydrocephalus even in LMICs, which may 
have less experience than centers in HICs. A 
lack of funding, resources, and training 

programs all pose barriers to increasing the 
pediatric neurosurgical capacity. Future 
global neurosurgery efforts may look to 
other neurosurgical conditions with high 
burdens of diseased in LMICs, like epilepsy.  
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