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Abstract

Background Surgical care is an important, yet often neglected component of child health in low- and middle-income

countries (LMICs). This study examines the potential impact of scaling up surgical care at first-level hospitals in

LMICs within the first 20 years of life.

Methods Epidemiological data from the global burden of disease 2019 Study and a counterfactual method developed

for the disease control priorities; 3rd Edition were used to estimate the number of treatable deaths in the under

20 year age group if surgical care could be scaled up at first-level hospitals. Our model included three digestive

diseases, four maternal and neonatal conditions, and seven common traumatic injuries.

Results An estimated 314,609 (95% UI, 239,619–402,005) deaths per year in the under 20 year age group could be

averted if surgical care were scaled up at first-level hospitals in LMICs. Most of the treatable deaths are in the under-

5 year age group (80.9%) and relates to improved obstetrical care and its effect on reducing neonatal encephalopathy

due to birth asphyxia and trauma. Injuries are the leading cause of treatable deaths after age 5 years. Sixty-one

percent of the treatable deaths occur in lower middle-income countries. Overall, scaling up surgical care at first-level

hospitals could avert 5�1% of the total deaths in children and adolescents under 20 years of age in LMICs per year.

Conclusions Improving the capacity of surgical services at first-level hospitals in LMICs has the potential to avert

many deaths within the first 20 years of life.
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Introduction

Over the past twenty years, significant improvement has

been made in child health worldwide; however, most

efforts have focused on children under the age of five years

[1–4]. As under-five mortality has fallen, there has been a

growing recognition that the healthcare needs of older

children must also be addressed. An evolving theme has

been to focus on the first 8000 days1 of life [5, 6]. This

time represents a critical period of growth and development

as children transition to adulthood. Recent evidence sug-

gests that the morality of children 5–19 years of age is

substantially higher than previously thought, and increas-

ing efforts are needed to recognize and appropriately pri-

oritize health interventions to decrease morbidity and

mortality in this age group [5, 7].

Surgical care is a critical, yet often overlooked, com-

ponent of child health [8]. During the first 8000 days of

life, surgical care can reduce the short- and long-term

suffering associated with congenital anomalies, traumatic

injuries, and childhood malignancies amenable to surgery.

Early surgical treatment of debilitating conditions can

allow children to obtain an education, which directly

influences a child’s overall development, and can improve

a child’s chances of survival. In addition, surgical care can

play a role in achieving health-related sustainable devel-

opment goals and targets, in particular: (1) ending pre-

ventable deaths in newborn babies and children younger

than 5 years; (2) reducing death and disability due to road

traffic injuries and noncommunicable diseases; (3) ensur-

ing universal health coverage; and (4) increasing the health

workforce [9].

Despite the established benefits of surgery, there con-

tinue to be major gaps in surgical services worldwide.

Globally, an estimated 1.7 billion children and adolescents

do not have access to basic, lifesaving, and safe surgical

care [10]. This lack of access to surgical care dispropor-

tionately affects low- and middle-income countries

(LMICs), where children make up 50–60% of the popula-

tion. With less than 8% of children living in LMICs having

access to safe, affordable, and timely surgical care, an

important opportunity exists to improve child health by

scaling up surgical care in the poorest regions of the world

[10].

First-level hospitals represent a critical platform for the

delivery of surgical care in LMICs [11]. A large percentage

of the world’s population receives emergency care at first-

level facilities due to their proximity to rural and under-

served populations. Additionally, many surgical condi-

tions—particularly obstetric emergencies, intra-abdominal

catastrophes, and life-threatening injuries—require imme-

diate and appropriate lifesaving surgical care [12]. Surgical

care delivered at first-level hospitals in LMICs can be one

of the most cost-effective components of a public health

system [13]. An estimated 1.4 million deaths per year could

be averted if basic surgical care was universally available

at first-level hospitals in LMICs [11]. In this study, we

estimate the number of treatable deaths [14]2 in the under-

20 age group if surgical care was universally accessible at

first-level hospitals in LMICs.

Methods

Data from the 2019 Global Burden of Diseases (GBD)

Study [15] was used to estimate the number of deaths that

could be averted in the under-20 year age group by scaling

up surgical care provided at first-level hospitals. Our

approach was similar to that used to estimate the number of

preventable surgical deaths in Chapter 2 of Disease Control

Priorities, 3rd Edition (DCP3), Volume 1: Essential Sur-

gery [12]. This methodology assumes a basic surgical

package3 with various therapeutic interventions that can be

provided at first-level hospitals [16–18]. Our model inclu-

ded the following, with 2019 GBD cause codes shown in

parenthesis:

13 Department of Paediatric Surgery and Urology, Bristol

Children’s Hospital, Bristol, UK

14 Muhimbili University of Health and Allied Sciences,

Dar es Salaam, Tanzania

15 Program in Global Surgery and Social Change, Harvard

Medical School, Boston, MA, USA

16 Global Research Consortium for School Health and Nutrition,

London School of Hygiene and Tropical Medicine, London,

UK

17 Institute for Global Health Sciences, University of California,

San Francisco, San Francisco, CA, USA

18 University of Washington, Seattle, WA, USA

1 The first 8000 days of life is equivalent to 21.9 years. Because data

is collected in 5 year increments, our focus was on the under\ 20

year age group.

2 Treatable (or amenable) mortality refers to causes of death that can

be mainly avoided through timely and effective health care interven-

tions [14].
3 Almost 50 surgical procedures are required to treat the 2019 GBD

causes included in our model. See Annex 2D of Chapter 2 of the

Essential Surgery Volume of DCP3 for a list of these surgical

procedures [12].
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• Three digestive diseases4 appendicitis (B.4.3); paralytic

ileus and intestinal obstruction (B.4.4); inguinal,

femoral, and abdominal hernia (B.4.5).

• Four maternal and neonatal conditions (A.6) maternal

hemorrhage (A.6.1.1), maternal obstructed labor and

uterine rupture (A.1.1.4), maternal abortion and mis-

carriage (A.1.1.5), and neonatal encephalopathy due to

birth asphyxia and trauma (A.6.2.2).

• Eight injuries that could be treated with basic inter-

ventions adverse effects of medical treatment (C.2.6)5;

exposure to mechanical forces (C.2.5); falls (C.2.1);

fire, heat, and hot substances (C.2.3); interpersonal

violence (C.3.2); non-venomous animal contact

(C.2.7.2); road injuries (C1.1); and other transport

injuries (C.1.2).

This approach recognizes that some conditions, such as

maternal hemorrhage and neonatal encephalopathy, are not

entirely amenable to surgical care and hence require

adjustments to limit the effect of surgery [12, 19].

Adjustments for the effect of surgical care were based on

information provided in Annex 2E of Chapter 2 of the

Essential Surgery Volume of DCP3 [12] and are included

in Additional file 1 of the supplemental information.

The overall concept of our approach was to split the

reported deaths from surgical conditions into surgically

treatable and non-treatable deaths. Treatable deaths were

calculated as follows:

TREATABLEDEATHS ¼ DEATHScurrent

� DEATHScounterfactual ð1Þ

where DEATHScurrent denotes the deaths reported in GBD

2019, and DEATHScounterfactual represents the estimated

number of deaths if delivery of surgical care had existed in

a ‘‘counterfactual’’ state, which is described as the state in

which the entire population has access to appropriate and

safe surgical care deliverable at first-level hospital.

To make these calculations, we downloaded age and

income-specific death rates, uncertainty intervals, and

population data from the Institute of Health Metrics and

Evaluation using the GBD Results tool [20]. The treat-

able death rates for the World Bank LMIC income groups

(low-income, lower-middle-income and upper middle

income) were calculated by subtracting the cause-specific

high-income death rates from the cause-specific rates in the

low- and middle-income income groupings using the fol-

lowing formula:

ADRincome group
age group ¼ EDRincome group

age group � CDRincome group
age group ð2Þ

where ADRincome group
age group is the cause-specific treatable death

rate for each age and income group, EDRincome group
age group the

existing cause-specific death rates reported in GBD 2019,

and CDRincome group
age group the cause-specific death rates for the

counterfactual state. We assumed that the lowest fatality

rate to be in the high-income group and therefore repre-

sentative of CDRincome group
age group . The number of treatable deaths

for each age and income group was determined by multi-

plying the cause-specific treatable death rates by the pop-

ulation in each category (Additional file 2). Finally, we

corrected for the effect of surgical care and variability in

access by multiplying the number of treatable deaths times

the correction factors listed in Additional file 1.

Results

Scaling up surgical care at first-level hospitals in LMICs

could avert an estimated 314,609 (95% UI,

239,619–402,005) child and adolescent deaths per year.

Details of these treatable deaths by World Bank income

groupings are shown in Table 1, Fig. 1, and Additional file

3. Most of the treatable deaths occur in lower middle-in-

come (192,371 deaths; 61.1%) and low-income countries

(96,353 deaths; 30.6%). The largest number of treat-

able deaths in the under 20 years age group are from

improving surgical care for maternal conditions (64.7%),

followed by injuries (26.3%) and digestive diseases (9.0%).

Improving the surgical care to treat four common

maternal causes at first-level hospitals in LMICs could

avert 203,500 (95% UI, 166,524–245,222) child and ado-

lescent deaths per year. The most common causes of these

treatable deaths are neonatal encephalopathy due to birth

asphyxia and trauma (199,088 deaths; 97.8%), followed by

maternal abortion and miscarriage (2107 deaths; 1.0%),

and maternal hemorrhage (1457 deaths; 0.7%). Most of

these treatable deaths occur in lower middle- (66.8%) and

low-income countries (31.8%).

Improving the surgical care to treat eight common

injuries in LMICs could avert 82,694 (95% UI,

54,569–116,387) child and adolescent deaths per year. The

most common causes of these treatable deaths are road

injuries (32, 682; 39.5%), followed by falls (11,534 deaths;

13.9%), and fire, heat, and hot substances (10,695 deaths;

12.9%). Most of these treatable deaths occur in lower

middle- (47.3%) and low-income countries (27.9%).

Improving surgical care to treat three common gas-

trointestinal causes in LMICs could avert 28,415 (95% UI,

18,525–41,296) child and adolescent deaths per year. The

most common causes of these treatable deaths are paralytic

4 Gallbladder and bile duct disease, which was included in the DCP3

estimates, was not included in our analysis due the low incidence of

these conditions in the under 20 years age group.
5 Death or short-term or long-term disability sustained as the result of

undergoing a procedure, treatment, or other exposure to the healthcare

system [18].
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ileus and intestinal obstruction (21,012 deaths; 73.9%),

followed by appendicitis (4751 deaths; 16.7%). Like the

maternal and neonatal conditions, most of these treat-

able deaths occur in lower middle- (60.9%) and low-in-

come countries (30.1%).

The causes of the treatable deaths from scaling up sur-

gical care at first-level hospitals in LMICs vary by age

(Fig. 2). Within the under-five age group, the largest

number of treatable deaths are from scaling up surgical

care to address maternal and neonatal causes (78%).

Treatable deaths from maternal causes increase in the

10–14- and 15–19-years age groups (2% and 16%,

respectively). Injuries and gastrointestinal causes are rep-

resented across the span of childhood, with injuries

accounting for the largest fraction of the treatable deaths

over the age of 5 years. Within the 5–9 and 10–14 age

groups injuries accounted for 83% and 81% of the treat-

able deaths, respectively.

Overall, scaling up surgical care at first-level hospitals

could avert 5.1% of the total deaths in children and ado-

lescents under 20 years of age in LMICs (Table 2). The

majority (80.9%) of these treatable deaths would be in the

under-five year age group, mainly due to improvements in

obstetrical care with its effect on reducing neonatal

encephalopathy due to birth asphyxia and trauma.

Discussion

In this study, we used published GBD 2019 data and a

counterfactual method developed for DCP3 to estimate the

number of treatable child and adolescent deaths from

scaling surgical care at first-level hospitals in LMICs. Our

analysis showed that scaling up surgical care at first-level

hospitals in LMICs could avert almost 315,000 deaths of

children and adolescents per year. This number of deaths

represents approximately 22% of the 1.4 million deaths per

year that were estimated by DCP3 should surgical care be

scaled up at first-level hospitals to treat all age groups.

Perhaps, the most important finding of our study was

that improving surgical care for pregnant females at first-

level hospital in LMICs could have a profound effect on

the under 20 mortality rate. Almost two-thirds of the

treatable surgical deaths in the under 20 years age group

were attributable to improvements in surgical care directed

at pregnant females. This relationship exists because still-

births and intrapartum-related neonatal deaths are often

associated with difficult and obstructed labor [21]. Thus,

provision of assisted vaginal delivery and Caesarian

delivery are vital to the reduction of perinatal morbidity

and mortality. The importance here is that a substantial

reduction in the neonatal death rate is possible via surgical

interventions in the mother, rather than direct intervention

in the neonate.

To further explore the relationship between improved

surgical care for pregnant females at first-level hospital in

LMICs and the under 20 years mortality rate, we calculated

the fraction of the total maternal and neonatal deaths (GBD

cause category A.6) that would be averted in the under

20 years age group. The 2019 GBD study reported 19,865

LMICs deaths in the under 20 years age group from

maternal causes (Additional file 4). Twenty-two percent of

these (4412 deaths) would be averted by scaling up surgical

care at first-level hospitals in LMICs. Considering only the

neonatal encephalopathy due to birth asphyxia and trauma

cause category, 199,088 of 562,556 (35.3%) deaths could

be averted. Thus, within specific GBD cause categories,

basic surgical care delivered at first-level hospitals could be

an important strategy for reducing the under-five mortality

rate, and especially neonatal deaths.

Our analysis also suggests there is an important oppor-

tunity to reduce the under 20 death rates in LMICs by

improving the surgical care of injuries. Treatable deaths

related to injuries occurred across the span of the first
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8000 days of life and account for the largest fraction of

treatable deaths in the 5–19 years age group. Almost, one-

third of these treatable injury deaths are due to road inju-

ries. Road traffic injuries have long been known to be a

major cause of death and disability worldwide, with the

majority of deaths in LMICs occurring in pedestrians,

cyclists, and children [22]. As UN SDG 3.6 is aimed at

reducing the number of global deaths and injuries from

road traffic accidents, improving surgical care within

LMICs can play an important role in achieving this goal.

Treatable deaths from scaling up surgical care to treat

gastrointestinal causes were considerably less than the

number of treatable deaths in the maternal-neonatal and

injury categories. This may reflect that fewer GBD causes

were examined in the gastrointestinal category. However, it

is more likely that gastrointestinal conditions are less

common in children relative to deaths associated with

maternal and neonatal conditions and injuries [23, 24].

Nevertheless, surgical treatment of common gastrointesti-

nal conditions is an attractive intervention for the first-level

hospital as they are lifesaving, relatively easy to perform,

restore health quickly and are cost-effective.

An unexpected finding of our study was that the largest

number of treatable deaths from scaling up surgical care at

first-level hospitals would occur in lower-middle-income,

rather than in low-income countries. This occurs because

the under 20 years population in lower middle-income

countries is more than three times larger than the under

20 years population in the low-income countries (Addi-

tional file 2). This finding disguises the fact that the situ-

ation is worse in low-income countries (i.e., people living

in LICs are more likely to die from a treatable surgical

death than anywhere else). Perhaps the good news is that

lower-middle-income countries have the extra fiscal space,

compared to low-income countries, to scale up actions in

response to recognized needs. As an example, national

school meals programs increased coverage over the last

10 years by 86% in lower middle-income countries and

only 36%, despite best efforts, in low-income countries

[25]. This implies that the largest treatable burden is in

countries that have the greater potential to respond. It

doesn’t solve the problems for the worst affected countries,

but it would save a substantial number of lives.

As our analysis included only 13 of the 369 GBD cau-

ses, it is important that our estimate not be interpreted as

the total number of child and adolescent deaths that could

be averted if surgical care would be scaled up across all

levels of the health care system. Important GBD cause

categories not included in our analysis were congenital

anomalies and cancer. Birth defects are now the fifth most
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common cause of death in children younger than 5 years

with many congenital anomalies correctable with surgery

[26, 27]. In 2018, there were over 200,000 cases of

childhood cancers accounting for almost 75,000 deaths

[28]. Beyond preventing death, surgical care also has a role

in the diagnosis and treatment of a wide variety of other

healthcare problems [29, 30].

Our study has several limitations. First, it shares the

limitations of the overall GBD approach [15, 31], including

it being a descriptive study; limitations in data availability

(e.g., reporting lags, disruptions in settings with conflict,

natural disasters, or domestic governance crises); variable

data granularity with respect to age and cause detail;

varying quality and completeness of mortality reporting

systems; and the core GBD assumption of each death

having only a single underlying cause. Second, our analysis

required assumptions to be made about the effect of sur-

gery and access to health systems. As emphasized in

Chapter 2 of the Essential Surgery Chapter DCP3 [12],

estimating the effect of surgical care is challenging as the

effectiveness of an operation varies by the type of opera-

tion; resources available to conduct the operation; opera-

tive skills of the surgeon; capability, and resources of

anesthesia personnel; and patient factors, such as nutri-

tional status, age and other comorbidities. For consistency,

we used the adjustments for the effect of surgery and

access reported in Annex 2E of the Essential Surgery

Chapter of DCP3 [12]. These adjustments are based on a

combination of factors that best represent the variable

effect surgical care can have on health conditions. As an

example, the adjustment for the effect of surgery on

neonatal encephalopathy due to birth asphyxia and trauma

was based on the 40% risk reduction that was used in the

World Health Organization Choosing Interventions that are

Cost Effective (WHO CHOICE) project [32–34]. Because

applying this assumption uniformly to all regions leads to

an overestimation of treatable deaths, the effect was also

scaled for access to healthcare. Third, our model assumes

that healthcare access is equal across all age groups, which

may be problematic given the variability in importance that

children occupy in society in different regions of the world.

Fourth, while we have described our estimates as the

number of deaths that could be prevented if surgical care

would be scaled up at first-level hospitals, more accurately

we have estimated the number of treatable deaths from

scaling up a basic surgical package across all levels of the

healthcare system. Nevertheless, our estimates still likely

approximate the impact of scaling up surgical care at first-

level hospitals because most gaps in surgical care exist in

geographic areas served by first-level hospitals and most

higher-level facilities in LMICs can provide the surgical

care our model. Finally, although our framework for esti-

mating treatable surgical deaths is conceptually simple, andT
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a powerful tool for estimating the impact of scaling up

surgical care in LMICs, it is also limited by its inherently

retrospective nature, and its inability to parse competing

risks or factors that might influence geographical vari-

ability in surgical care.

In conclusion, our findings suggest an important

opportunity exists to improve the health of children and

adolescents living in LMICs by scaling up basic surgical

care at first-level hospitals. As much of care is directed at

women of child-bearing age, these efforts would have a

dual benefit—directly improving the health of women and

indirectly reducing the deaths of infants associated with

obstructed labor. Future research should focus on con-

firming the intrinsic link between improving obstetrical

care at first-level hospitals and infant survival and defining

the impact of scaling up surgical care that is beyond the

scope of the first-level hospital.
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