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Purpose of review

Two-thirds of the world’s population lacks access to surgical care, many of them being children. This review
provides an update on recent advances in global children’s surgery.

Recent findings

Surgery is being increasingly recognized as an essential component of global and child health. There is a
greater focus on sustainable collaborations between high-income countries (HICs) and low-and-middle-
income countries (HICs and LMICs). Recent work provides greater insight into the global disease burden,
perioperative outcomes and effective context-specific solutions. Surgery has continued to be identified as a
cost-effective intervention in LMICs. There have also been substantial advances in research and advocacy
for a number of childhood surgical conditions.

Summary

Substantial global disparities persist in the care of childhood surgical conditions. Recent work has provided
greater visibility to the challenges and solutions for children’s surgery in LMICs. Capacity-building and
scale up of children’s surgical care, more robust implementation research and ongoing advocacy are
needed to increase access to children’s surgical care worldwide.
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INTRODUCTION

An estimated 30% of global disease burden is treat-
able with surgery [1]. However, five billion people
worldwide lack access to safe and affordable surgical
care whenever needed [2]. The majority of these
people live in low-and-middle-income countries
(LMICs), where 50–60% of the population are chil-
dren. Recent work has promoted the recognition of
surgery as an essential component of global health,
and specifically, global child health. We will review
recent advances in global surgery as well as global
pediatric surgery with a focus on advocacy, global
engagement, service delivery, training and research.
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ADVOCACY

The year 2015 saw significant progress in advocacy
for global surgery, with the Lancet Commission on
Global Surgery (LCoGS) Report, the third edition of
the Disease Control Priorities Project (DCP3) and the
World Health Assembly Resolution on Essential Sur-
gery [2,3

&&

,4
&&

,5,6]. Although these developments
galvanized surgery within the global health space,
children’s surgery has been under-emphasized.
t © 2019 Wolters Kluwe
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Global targets, such as those to provide universal
health coverage, reduce poverty, improve gender
equity and reduce neonatal, infant and under-five
mortality will all require children’s surgical care
[4

&&

]. The Global Initiative for Children’s Surgery
(GICS), a consortium of providers from HICs and
LMICs, was formed in 2016 to tackle some of these
gaps [7].

GICS has had three international meetings since
its inception. Integration of multiple children’s sur-
gical care specialties and focus on leadership and
priority-setting by LMIC providers have been
unique areas of emphasis. GICS has recently pro-
posed guidelines for optimal resources for surgical
care at all levels of the health system, which can be
r Health, Inc. All rights reserved.
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KEY POINTS

� Significant advances in advocacy for global surgery as
a whole and global pediatric surgery have
occurred recently.

� Increasing pediatric surgical capacity worldwide will
require a multifaced approach with interventions
prioritizing long-term collaborations between HICs and
LMICs that are targeted at workforce expansion,
building infrastructure and research.

� Implementation and cost-effectiveness studies are
essential to inform resource allocation and scale-up of
training and service delivery.

� Resource limitations have required LMIC providers to
develop low-cost, innovative strategies that should be
more easily fostered, studied and disseminated.

Surgery
used to incorporate children’s surgical care into
LMICs’ national surgical plans [8

&

,9,10
&

].
Although significant progress has been made,

there are still challenges to making surgical access a
political priority [11

&

,12]. The global surgery com-
munity is fragmented, with a narrow coalition of
advocates who lack unifying leadership. Greater
consensus is needed to market surgery among other
global health challenges. Donors continue to prefer
‘vertical’ causes treating single diseases or groups of
conditions, whereas global surgery is a ‘horizontal’
issue involving health systems. Data on successful
implementation of surgical programs is limited and
surgery continues to be viewed as expensive and a
luxury despite robust evidence to the contrary.
GLOBAL ENGAGEMENT AND BUILDING
PARTNERSHIPS

Sustainable partnerships between HICs and LMICs
are essential to increase surgical capacity worldwide.
In general, HIC partners should consider the needs
of the communities they are working with and
facilitate local ownership as well as long-term col-
laborations [13

&

,14]. Clinical care ‘missions’ in
LMICs should be viewed as opportunities for capac-
ity building and training [15

&&

]. Research should
establish the evidence base for implementation
and cost-effective models [16

&

]. Even on short-term
trips, there should be a focus on long-term collab-
orations and impact evaluation. Regional pediatric
surgical organizations have increased global engage-
ment by supporting research collaborations, LIC
provider training and the development of con-
text-appropriate educational courses [17

&

,18
&

].
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SERVICE DELIVERY AND TRAINING

It is estimated that by 2030, the world will need over
one million new surgical providers to meet the
recommended surgical workforce density of 20 per
100 000 population [19]. Unsurprisingly, this deficit
is not evenly distributed between HICs and LMICs
[20]. For example, there is a 90-fold difference
between the average physician anesthesia provider
workforce density in HICs and LICs [21

&

,22
&

]. Mul-
tiple pediatric surgical specialties are facing a severe
workforce crisis in LMICs [23

&

,24
&

,25–27].
One hundred and forty-three million additional

surgical procedures are needed each year, but the
ideal proportion of adult to pediatric procedures is
unknown [2]. Although the LCoGS proposed bell-
wether conditions, these have yet to be validated for
children. A cross sectional, population-based study
in four LICs estimated that 19% of children had a
surgical need and that 62% of children’s surgical
needs were unmet [28

&&

,29
&

]. The estimated backlog
for treatable pediatric surgery conditions in African
LMICs averages 2 years [30

&&

]. Delay in seeking care
was identified as the largest contributor to a delay in
surgical treatment in a regional referral hospital in
western Uganda [31

&

].
Recent studies have examined the challenges to

safe surgery in LMICs, such as poverty, infrastruc-
ture and policies, while acknowledging the resil-
ience of local providers [32

&

,33
&&

,34
&

,35]. In
Malawi, a multicenter study identified surgical team
motivation as an additional potential barrier [32

&

].
In Rwanda, resource variability, rather than resource
limitation, was responsible for most of the chal-
lenges to performing safe surgery [33

&&

]. The Ugan-
dan public hospital system has similar obstacles and
does not meet the LCoGS targets for surgical access,
workforce, or volume [34

&

,35,36]. The same barriers
exist for the provision of children’s surgery – signif-
icant staffing shortages, lack of infrastructure and
educational deficits predominate [23

&

]. Mobile pedi-
atric surgical services, such as those provided in
Ghana to rural communities, represent another
model for possible scale up in addition to more
common surgical outreach models [37,38].

Numerous efforts are underway to address the
pediatric surgical and anesthesia workforce crisis.
Pilot training courses for children’s surgical emer-
gencies and common conditions are currently being
taught by groups in Vietnam, Uganda and India
[39–41]. Standardized courses in pediatric critical
care may be useful [42]. Such courses need to be
flexible and conform to the local context. Task-
sharing with less specialized healthcare workers is
widespread in many LMICs, but evaluation specific
to pediatric surgery is minimal [43]. ‘Brain Drain’,
ealth, Inc. All rights reserved.
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the migration of medical professionals from LMICs
to HICs, is a well documented challenge for LMICs,
with ongoing controversy around effective mitiga-
tion strategies [44]. In a 20-year follow-up of African
surgeons trained in rural Africa through the Pan-
African Academy of Christian Surgeons, 100% of
former trainees are still practicing in Africa [45

&&

].
In Haiti, a pediatric surgical program among general
surgery residents has resulted in increased care pro-
vision, improved trainee knowledge and skill and
has increased research capacity [46

&

]. There remains
controversy around the optimal exposure of LMIC
trainees to HIC training experiences, with some
advocating for home country training only and
others for more hybrid training models. Debate also
continues regarding exposure and involvement of
HIC trainees in global surgery [18

&

].
Many LMICs, even those with more favorable

economic indicators, have severe gaps in infrastruc-
ture [47,48]. Direct increase in infrastructure is an
effective way to expand pediatric surgical capacity,
ensuring more children have access to operating
theaters and perioperative care that is equipped with
well tolerated and functional equipment. KidsOR, a
Non-Governmental Organization based in Scotland,
has built operating theaters and perioperative care
units at six sites in Africa with plans for over 10 more
globally in 2019 [49]. At one such site in Tanzania, a
3-year waiting list for elective surgery was elimi-
nated in 3 months [50]. Economic evaluation of
one site in Uganda demonstrated that the installa-
tion of a dedicated pediatric operating theater was a
more cost-effective intervention than antiretroviral
therapy treatment for HIV in Sub-Saharan Africa and
was well within accepted thresholds for cost-effec-
tive interventions in LMICs [51

&

].
Though surgery has proven to be a cost-effective

intervention, many families are at risk of spending
more than 10% of their total income on surgical care
(catastrophic expenditure) [52

&

]. It is estimated that
43.9% of the population, particularly in LICs, is at
risk for catastrophic expenditure should they need
surgery. These costs include the direct costs of med-
ical care, such as paying for the hospitalization,
medications, surgical supplies and laboratory tests
as well as indirect medical costs, such as lost wages,
food, transportation and lodging. In Zambia, surgi-
cal care was less expensive at a district hospital than
a referral hospital [53]. Scaling-up services at the
district level should make surgery even more cost
effective. Economic evaluations of pediatric surgery
in particular have been limited. Short-term pediatric
cardiac surgery ‘missions’ have been shown to be
cost-effective with substantial humanitarian benefit
[54

&

]. Families of children undergoing inguinal her-
nia repair in private hospitals in Bangladesh
 Copyright © 2019 Wolters Kluwe
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sustained greater medical costs than nonmedical
costs [55

&

]. Overall, surgery was less expensive in
public hospitals. In Uganda, the rates of catastrophic
expenditure by families of children undergoing sur-
gery are high [51

&

,56,57].
RESEARCH

Here we review recent advances in research for
global children’s surgery.
Prospective databases

Several recent prospective short-term studies have
provided greater in-depth single and multicenter
data on a wide range of conditions. In a recent
Kenyan study, pediatric status was not associated
with higher mortality [58

&&

]. In the African Surgical
Outcomes Study (ASOS), despite a lower risk profile
and lower perioperative complications, patients were
twice as likely to die, compared with HICs [59

&&

].
Meanwhile, the GlobalSurg collaborative has

supported multiinstitutional, international surgical
outcomes research [60,61

&&

,62–64]. In their study of
emergency abdominal surgery, children in LICs had
an adjusted mortality seven-fold higher than those
in HICs [61

&&

]. Additionally, children who under-
went surgery for gastrointestinal typhoid had a
higher 30-day mortality rate than adults and were
less likely to receive an ileostomy [64]. In addition,
the Global PaedSurg trial, an international multi-
center prospective cohort study of common congen-
ital anomalies, is underway [65].

Despite these advances, an estimated 1.7 billion of
the world’s children currently lack surgical access [66].
Addressing this disparity will require a multifaced
approach. Concerted efforts in advocacy, servicedeliv-
ery, global engagement and research should be priori-
tized (Table 1). Most LMICs lack metrics for pediatric
surgical conditions including burden of disease, peri-
operative outcomes, backlog, effective coverage, cost
effectiveness and the LCoGS indicators [67

&

]. Newer
assessment tools are being developed [68].
Cancer

Although surgery is an essential part of comprehen-
sive cancer care, global childhood cancer programs
have focused more on essential medications than
surgery [69]. The WHO Childhood Cancer Initiative
was recently launched with the goal of decreasing
childhood cancer mortality by improving access to
care and developing country-specific strategic plans
[70,71]. Five index cancers, which represented a
high burden of disease with reasonably good treat-
ment outcomes, were identified in the DCP3. Of
r Health, Inc. All rights reserved.
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Table 1. Challenges and solutions facing global children’s surgery

Key areas Challenges Emerging solutions

Advocacy Large-scale movements have not
focused on children’s surgery

Surgery still not consistently
recognized as a global health
priority

Need for indicators specific to
pediatric surgery

Formation of GICS

Improved marketing of surgical investment in LMICs, aligning stakeholders,
focusing on children

Incorporation of children’s surgery into National Surgical Plans
Publication of consensus guidelines for optimal resources for pediatric

surgical care at all levels of the health system
Ongoing assessment of ideal volume and composition of children’s

surgical procedures and proportion of emergency cases

Service delivery Severe shortage of pediatric
surgical and anesthesia
providers

Lack of material resources and
infrastructure

Implementation of training courses for children’s surgical emergencies,
pediatric anesthesia, perioperative medicine and common conditions

Development of local fellowship training programs in LMICs
Engagement of nonphysician providers as context-appropriate
Direct increase in surgical infrastructure (such as KidsOR)
Strategic rural outreach efforts
Programs to improve early detection of visible congenital anomalies in the

community

Global engagement Prevalence of short-term surgical
missions as aid from HICs to
LMICs

Consensus recommendations for short-term trips with focus on developing
lasting collaborations

Development of sustainable training and research collaborations with
regional pediatric surgical associations

Research Limited national data on pediatric
surgical outcomes

Limited implementation research

Global PaedSurg Trial – multicenter prospective cohort study of common
congenital anomalies

Improved assessment tools for pediatric surgery at the population level
Economic evaluation and impact on Sustainable Development Goals

GICS, Global Initiative for Children’s Surgery; HIC, high-income countries; LMIC, low-and-middle-income countries.

Surgery
these, Wilms Tumor and Retinoblastoma are solid
tumors for which surgery is a crucial aspect of
treatment. The International Society for Pediatric
Oncology (SIOP) has released comprehensive, stan-
dardized guidelines for optimal treatment regimens
in LMICs organized by level of care and service avail-
ability [72,73]. For Wilms tumor in Africa, the SIOP
protocol rather than the COG protocol has generally
been followed because of the advanced stage of dis-
ease of most tumors at presentation that would pre-
clude primary resection. In African centers that
adopted the SIOP Wilms’ protocol, there was an
increase in disease-free survival, decrease in treat-
ment abandonment and decrease in mortality com-
pared with baseline outcomes before a treatment
protocol was introduced [74

&&

]. There is some evi-
dence that Wilms’ Tumor displays a uniquely aggres-
sive tumor biology in certain Kesnyan tribes as
compared with others [75]. Research regarding the
epidemiology and tumor biology of other pediatric
solid tumors, including hepatoblastoma and neuro-
blastoma, is lacking [76

&

]. Tumor registries would
help to provide better insight into these cancers.
Injury

The most common cause of death in children over
1 year old is injury [77,78]. This burden is shouldered
 Copyright © 2019 Wolters Kluwer H
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disproportionately by LMICs, where 95% of injury
deaths occur [79]. Though injury has been gaining
increasing recognition as a public health issue, the
epidemiology and outcomes of childhood injury in
LMICs remains poorly understood. The Pan-African
Paediatric Surgery Association recently found that
injury was the most common cause of pediatric sur-
gical admissions [80

&&

,81].
Burns are also responsible for a significant bur-

den of disease but remain poorly characterized [82].
Children under age 5 years are at the greatest risk of
suffering a burn injury in Africa [83]. In a recent
Gambian study, children made up more than half of
all burn admissions and were less likely to die of
burn injuries than adults [84]. Recent studies have
emphasized the lack of comprehensive rehabilita-
tion programs in LMICs and the effect on outcomes
[85

&

,86].
There are significant challenges to providing

trauma and emergency surgical care in resource-
limited settings. A recent survey in Ghana
highlighted significant deficiencies in material
resources [87]. Injury prevention initiatives, preho-
spital care systems and staff education and training
are areas that should be prioritized for intervention
and resource allocation [88

&

,89]. Providers staffing
emergency departments lack training in basic
resuscitation skills, such as cardiopulmonary
ealth, Inc. All rights reserved.
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resuscitation (CPR) and airway management, which
could serve as targets for educational interventions
[90

&

].
Surgical subspecialties

Musculoskeletal disease is a significant cause of
morbidity and mortality in LMICs, yet research on
optimal treatment and outcomes is lacking
[91

&

,92
&

]. Scaling up of Ponseti treatment for club-
foot has provided a number of valuable lessons for
children’s surgery, such as disease identification,
treatment by nonphysician providers and an e-
learning platform [93,94

&

,95,96]. Similarly, endo-
scopic third ventriculostomy for pediatric hydro-
cephalus has been found to be cost-effective and
to have equivalent 12-month cognitive outcomes as
compared with ventriculoperitoneal shunting
[97,98

&&

]. Large-scale efforts to address cleft lip
and palate have provided useful lessons and models
for service delivery and capacity building, and have
shown economic benefit [99

&

,100].

Congenital anomalies

Birth defects are the leading cause of death in children
less than 1 year of age. Though mortality for children
under 5 years has decreased, deaths attributable to
birth defects have increased [77,101,102]. Congenital
anomalies disproportionately affect LMICs, in which
over 90% of birth defects occur [103]. A recent estima-
tion of disability weights for a large variety of congen-
ital conditions may help characterize their global
burden [104

&

]. This section will cover some of the
common anomalies in pediatric general surgery.

An essential aspect of treating congenital anom-
alies is identification and referral. The Rashtriya Bal
Swasthya Karyakram screening program, launched
in India in 2013, has already screened over 100
million children and identified 135 000 congenital
defects [105].

Hirschsprung’s disease and anorectal malforma-
tions are common anomalies that result in signifi-
cant morbidity and mortality in LMICs [106–110].
There is often a delay in presentation and in many
cases, the diagnosis of Hirschsprung’s disease is
made clinically, because of the inconsistent avail-
ability of pathology [111]. Patients often require a
three-staged procedure with ostomy for decompres-
sion, followed by pull-through or anoplasty and
then definitive ostomy closure [112]. Many patients
fail to complete all three stages, and children will
sometimes wait years before definitive stoma clo-
sure, with significant socioeconomic consequences
for patients and their families, leading some to
advocate still for a one-stage procedure if possible
[113

&

,114].
 Copyright © 2019 Wolters Kluwe
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Though relatively rare, biliary atresia is fatal if
untreated. Patients with biliary atresia have a higher
mortality rate than their counterparts in HICs, likely
because of delayed presentation and unavailability
of liver transplant services [115

&

,116,117]. Stool
color cards have been found to be a useful and
cost-effective screening method in HICs, but have
not yet become widespread in LMICs [118].

Cryptorchidism is a relatively common condi-
tion, which is best treated before the age of 2 years
to avoid complications and best preserve fertility.
Patients in LMICs present in a delayed fashion, with
a reported mean ageat surgerybetween 3 and11 years
old [119,120]. Delayed presentation has been largely
attributable to lack of awareness, in both parents and
providers, about the condition [121

&

]. Management
of nonpalpable undescended testes is particularly
challenging in LMICs, given the morbidity associated
with exploratory laparotomy. Laparoscopy, which is
preferable in HICs, has been shown to be feasible in a
resource-limited setting [119,122].

Lack of NICU care contributes to substantial
disparities for conditions, such as esophageal atresia
with or without tracheoesophageal fistula (EA/TEF)
and gastroschisis [123]. A case series in Uganda
showed high rates of intestinal atresia and high
mortality rates for gastroschisis [124]. Mortality
rates for EA/TEF were noted to be high in a 25-year
review of cases in India, with lack of NICU care
noted as a major contributor [125

&

].
Safe anesthesia remains a challenge in LMICs,

where perioperative mortality rates have not
declined in the past 50 years. In Bangladesh, it
has been demonstrated that performing major sur-
gery in neonates with local infiltrative anesthesia is
well tolerated and feasibile [126

&

]. Context-appro-
priate training of nonphysician anesthesia providers
has proven to be an effective strategy in many
LMICs [127,128]. Short courses for pediatric anes-
thesia and expansion of training programs have also
been effective [129

&

].
LMIC providers have adapted to resource limi-

tations with novel solutions. A simple protocol
reduced gastroschisis mortality by 50% in western
Uganda [130]. In the absence of spring-loaded silos,
urine bags have generally been sutured to skin or
fascia, but alternatives have also included the female
condom and the Alexis wound retractor, which also
has the advantage of low cost [131

&

]. For omphalo-
cele, the use of locally available and affordable
escharizing agents, such as honey, iodine or eosin
have been shown to be successful [132,133].

Developing innovative ways to improve surgical
care of congenital anomalies in LMICs and dissemi-
nating existing innovations remains a high priority
area for future study (Table 2).
r Health, Inc. All rights reserved.

rved. www.co-pediatrics.com 403



Table 2. Barriers and innovations for specific children’s surgical conditions

Specific conditions Barriers Innovations

Wilms’ tumor Delayed presentation, large invasive
tumors

SIOP PODC protocol: treatment adapted to context

Clubfoot Lack treatment access Expanding training in the Ponseti serial casting
method to nonphysicians, electronic-based
learning, scaling through health system

Hydrocephalus Limited capacity for hydrocephalus
treatment

Endoscopic third ventriculostomy with choroid
plexus coagulation as an alternative to VP Shunt
with equivalent 12-month cognitive outcomes

Economic studies showing cost-effectiveness of
treating pediatric hydrocephalus

Hirschprung’s disease and
Anorectal malformations

Late presentation, unreliable availability
of pathology

Operative treatment with three-staged procedure
based on context

Support for children with ostomies

Biliary atresia Late presentation and lack of transplant
services

Early detection with community education and stool
color cards

Gastroschisis Late presentation, lack of NICU and
TPN, high cost of spring-loaded silos

Use of urine bag, Alexis wound retractor or female
condom for silo, early enteral feeds

Multidisciplinary protocols with nursing teams to
ensure early coverage and support

Omphalocele Operative intervention with high
morbidity and mortality because of
associated anomalies

Use of locally available escharizing agents, such
as honey and iodine to defer surgery to older
age

Intussusception High rates of operative intervention Ultrasound-guided hydrostatic reduction protocol

Typhoid perforation Disease present almost exclusively in
LMICs

High mortality with complicated disease

Stoma placement for critically ill patients
Earlier detection in endemic areas
Prevention through sanitation and vaccine

programs

Inguinal hernia and cryptorchidism Delayed detection, significant backlogs
High rates of incarceration

Earlier detection and treatment
Increasing capacity of regional and district hospitals

NICU, neonatal ICU; PODC, the Pediatric Oncology in Developing Countries; SIOP, International Society for Pediatric Oncology.

Surgery
Pediatric general surgery

Even routine pediatric surgical conditions have
severe consequences in LMICs. Ostomies can have
significant social and economic consequences for
children and their caregivers [113

&

]. Intussusception
almost universally requires operative intervention
in low-resource environments. However, in Ethio-
pia, the rates of operative reduction for intussuscep-
tion decreased to 23% after the introduction of an
ultrasound-guided hydrostatic reduction protocol
[134

&

]. Inguinal hernia is responsible for a signifi-
cant unmet surgical burden, especially in rural
regions, and may be inappropriately managed by
untrained personnel [135]. In addition, a dispropor-
tionate ratio of children may present with incarcer-
ation, suggesting that this ratio may be a useful
metric for surgical access [136].
CONCLUSION

Though pediatric surgery has historically been a
neglected area of global health and global surgery,
 Copyright © 2019 Wolters Kluwer H
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increasing pediatric surgical capacity in LMICs is
essential to achieve global health equity. Although
many recent advances have been made, more imple-
mentation studies evaluating the effectiveness of
interventions from different perspectives are essen-
tial. Additionally, more studies are needed focusing
on LMICs in Southeast Asia and South America, as
much of the research is from Africa. It is crucial for
HIC providers to collaborate with their LMIC col-
leagues to spearhead future efforts to develop effec-
tive and sustainable programs to ensure equitable
access to surgery for children worldwide.
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