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Background: The bellwether procedures described by the Lancet Commission on
Global Surgery represent the ability to deliver adult surgical services after there is
a clear and easily made diagnosis. There is a need for pediatric surgery bellwether
indicators. A pediatric bellwether indicator would ideally be a routinely performed
procedure, for a relatively common condition that, in itself, is rarely lethal at birth,
but that should ideally be treated with surgery by a standard age. Additionally,
the condition should be easy to diagnose, to minimize the confounding effects of
delays or failures in diagnosis. In this study, we propose the age at primary cleft lip
(CL) repair as a bellwether indicator for pediatric surgery.
Method: We reviewed the surgical records of 71,346 primary cleft surgery patients
and ultimately studied age at CL repair in 40,179 patients from 73 countries,
treated by Smile Train partners for 2019. Data from Smile Train’s database were
correlated with World Bank and WHO indicators.
Results: Countries with a higher average age at CL repair (delayed access to surgery) had higher maternal, infant, and child mortality rates as well as a greater
risk of catastrophic health expenditure for surgery. There was also a negative correlation between delayed CL repair and specialist surgical workforce numbers, life
expectancy, percentage of deliveries by C-section, total health expenditure per
capita, and Lancet Commission on Global Surgery procedure rates.
Conclusion: These findings suggest that age at CL repair has potential to serve
as a bellwether indicator for pediatric surgical capacity in Lower- and Middleincome Countries. (Plast Reconstr Surg Glob Open 2021;9:e3657; doi: 10.1097/
GOX.0000000000003657; Published online 24 June 2021.)

INTRODUCTION

With the passing of the World Health Assembly resolution 68/15 for “Strengthening Emergency and Essential
Surgical Care and Anesthesia as a Component of Universal
Health Coverage”1 and the ratification of the Sustainable
Development Goals, member states have committed to scale
up the delivery of essential surgery to achieve universal health
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coverage within their countries.2,3 Childhood mortality and
life-long disability can be substantially reduced by improving
the accessibility of pediatric surgical care in low- and middleincome countries (LMICs). However, as noted by Ozgediz
et al, “If surgery is the neglected step-child of global health,
then pediatric surgery is the child not yet born.”4
Although there exists no universally accepted methodology for designating bellwether procedures5 it has been
suggested that a “bellwether” satisfies the expectation that
it describes a surgical procedure that, when recorded and
studied, could facilitate the assessment of a hospital’s ability
to perform essential surgical care. The Lancet Commission
on Global Surgery (LCoGS) used the concept of “bellwether procedures” to describe the availability of essential surgery at district hospitals, and more recently, there
have been calls to expand the thinking around bellwether
procedures to be more inclusive of the functioning of the
broader surgical system.6 However, the three adult bellwether procedures did not correlate with common and
essential pediatric procedures for club foot, cleft lip (CL)
and neonatal surgery.7
Disclosure: Mr. Vanderburg is a compensated Consultant
for Smile Train. Ms. Desai and Ms. Stieber are employees of
Smile Train. All the other authors have no financial interest
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A pediatric bellwether indicator would ideally be a
routinely performed procedure, for a relatively common
condition that, in itself, is rarely lethal at birth, but that
should ideally be treated with surgery by a standard age.
Conditions should be easy to diagnose, to minimize the
confounding effects of delays or failures in diagnosis.
Given the differences between the types of burden of
disease between adult and pediatric surgical patients (ie,
high proportion of congenital birth defects requiring surgery in pediatric patients), there is a need for bellwether
indicator(s) for pediatric surgery. However, many pediatric
surgical conditions are unsuitable as bellwether indicators
for a variety of reasons. These include a low prevalence of
individual conditions, as well as early and rapid mortality (which may occur before diagnosis and referral for
surgery). Lastly, conditions that are not easily diagnosed
(eg, congenital inguinal hernia, cleft palate) based upon
only a simple physical examination may be referred late
(or not at all) for surgery. Thus, numbers of operations
carried out for such procedures may be excessively influenced more by diagnostic failures than by limited surgical
capacity. A pediatric surgery bellwether procedure needs
to be minimally affected by such confounding variables to
represent surgical capacity as accurately as possible.
In this article, we propose using age at CL surgery as
a bellwether indicator for pediatric surgery in LMICs for
the following reasons. CL and/or palate is the most common craniofacial birth condition, affecting one in 700 live
births.8 CL with or without an associated cleft palate (CP)
requires no specialist skills or investigations to make a diagnosis. Thus, its value as a bellwether indicator for pediatric
surgery is less likely to be confounded by diagnostic limitations and delays. This is in contrast to isolated CP, which is
often missed unless a thorough intra-oral examination is
performed.9 Mortality associated with CL is poorly understood, but it is assumed that most infants survive while waiting for surgery, thus allowing analysis of age at surgery as an
indicator of access to surgical care. Most surgical protocols
aim to perform CL repair between the age of 3–6 months.7
In contrast, there is less consensus on the optimum age
for palate repair.10 Facilities present within second-/thirdlevel hospitals as described by the Global Initiative for
Children’s Surgery11 are required for CL repair under a
general anesthetic. Deidentified surgical data was used in
this study. Therefore, no ethical approval was required.

LITERATURE REVIEW

The Disease Control Priority Project (DCP3)4 described
a package of essential surgery that if implemented, would
address the majority of surgical burden of disease. This
package of essential surgery included delivery of CL surgery to be performed at second- and third-level hospitals.
The LCoGS12 found that essential surgery,13 if
addressed would avert 80% of the burden of surgical
disease at district hospitals. The LCoGS identified three
procedures that correlated with the majority of the other
essential surgery procedures: emergency caesarian, emergency laparotomy, and open long bone fracture. These
three procedures were described as “bellwether procedures.” LCoGS authors proposed using the bellwether
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procedures as a proxy for understanding district hospital
surgical system performance. The bellwether procedures
were used to model the proportion of the population that
had access to essential surgery within 2 hours. The 2-hour
availability threshold was included as an indicator of the
availability of surgery and as a recommendation from the
Commission’s report and emphasizes the importance of
timely intervention.
Research has been done to understand other potential
bellwether procedures (eg, neurosurgical care5 at the district hospital, neonatal surgery14). There have also been
calls to establish bellwether procedure(s) for pediatric
surgery15,16 as children represent a population with unique
surgical needs, including anesthetic, preoperative, and
postoperative capacity requirements.17 Despite pediatric
conditions accounting for a large proportion of unmet
surgical needs,18 pediatric surgery has been largely absent
from discussions around surgical coverage.
The measurement of the prevalence of surgical burden of disease generally, and particularly related to pediatric surgery, is done at an early stage.19 A larger burden of
disease is accrued within a pediatric population due to the
potentially life-long effect of the condition accruing disability20 and of the impact of premature mortality across
an expected lifetime.21 These factors, combined with the
greater proportion of children in LMICs, lead to estimates
of a large pediatric surgical burden of disease in LMICs.
There have been urgent calls from the pediatric surgical community to collect and analyze data22 and provide information for policy-makers in the allocation of
resources for health system scale up.23 The aim of this
article is to propose the age at cleft lip (CL) repair as a
bellwether indicator for pediatric surgery.

METHODS
Cleft Surgical Data

Surgeons in 73 countries, across 1110 hospital sites
perform cleft surgical procedures supported by Smile
Train and upload details of all cleft surgical procedures
to Smile Train’s online database, Smile Train Express. We
selected the most recent complete calendar year (2019)
for analysis. Surgical procedures include primary surgery
(repair of the original CL and/or CP) and secondary (or
revision) surgery. Variables such as patient choice and
quality of original surgery influence whether, and at what
age, secondary lip surgery is performed. Therefore, secondary surgery was not included in this analysis.
Data on all CL repairs for 2019 were exported from
Smile Train Express. Number of procedures per country/
center, age at surgery, and type of anesthesia were studied. Patients recorded as treated in “Palestinian territories” were excluded from the analysis due to the lack of
available economic and health statistics.
Patients who present at an older age with an unrepaired
CL and CP require unique consideration. Surgeons may opt
to do primary CL repair and primary CP repair simultaneously (CLP) due to concerns about the patient and family’s
capacity to return for further surgery. These patients were
included in the analysis of age at CL repair but are reported
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separately for clarity. Additionally, some older patients with
isolated CL (no palatal involvement) may have surgery
under a local anesthetic. These patients are reported for
clarity, but only patients who had a general anesthetic are
included in the analysis of age at CL repair.
Health Indicators

Country-level indicators were extracted from the
World Bank and WHO24 databases (Table 1). The authors
chose to use LCoGS procedure rates versus World Bank
procedure rates, which provided a more complete data set
for comparison.
Statistical Analysis

Data were imported to Microsoft Excel, version 16.43.1
(Microsoft Corporation). Bivariate correlations were conducted between age at surgery for CL repair and the
national patient data and the health and economic indicators accessed from the World Bank and WHO.

RESULTS

The total number of cleft surgical procedures reported
in 2019, from 73 countries, was 104,349. Of these, 33,003
procedures were excluded for the following reasons: procedures recorded as secondary surgeries, surgeries that
were performed on adults (age > 18 years), patients operated on in Gaza/West Bank (for whom no referenceable
population-level data were available) and patients operated on under local anesthesia (Table 2).

DISCUSSION

A large proportion of the unmet pediatric surgical
burden of disease is related to congenital anomalies17 for
which LMICs incur 94% of the burden4. When attempting
Table 1. Indicators (and Sources) Used for Comparison to
Smile Train Data
Indicator
Total health care expenditure per capita
Risk of catastrophic health expenditure for surgery
Life expectancy at birth
Maternal mortality rate
Infant mortality rate
Child mortality rate
Specialist surgical workforce
Hospital bed density
GINI index
Gross domestic product per capita
Proportion of deliveries via cesarean section
Surgical procedure rates

Source
World Bank
World Bank
World Bank
World Bank
World Bank
World Bank
World Bank
World Bank
World Bank
World Bank
WHO
LCoGS

Secondary (revision) surgery only
Adult (over 18 y)
Surgery performed in Gaza/West Bank
Surgery performed under local anesthesia

Girls

Surgical
Procedure
CL
CLP
CP
Total

Boys

n

%

n

%

Total

Average
Age (mo)

15,145
366
14,053
29,564

38.8%
32.5%
45.1%
41.4%

23,908
760
17,114
41,782

61.2%
67.5%
54.9%
58.6%

39,053
1126
31,167
71,346

19.5
33.14
37.76
27.4

The average age at surgery for all primary surgery was 27.4 months. Primary CL
surgery averaged 19.5 months, primary CP surgery averaged 37.76 months, and
simultaneous primary CLP surgery average of 33.14 months (Table 3).
The results of the bivariate correlation demonstrate a moderate positive correlation between maternal mortality rate, infant mortality rate, and child mortality rate. A moderate negative correlation was also noted between age of primary
CL (± CLP) surgery and life expectancy, proportion of deliveries via cesarean
section, specialist surgical workforce, and LCoGS procedure rates. (Table 4).

to identify a bellwether indicator for safe pediatric surgery
under general anesthesia, it is important to separate indicators of surgical capacity and access from delays in referral to surgical services as a consequence of late or missed
diagnosis. The latter are, of course, important and relevant
Table 4. Correlation between Average Age at Surgery in
Months versus National Health and Economic Data (r*)

Population
Total health expenditure
per capita (USD)
Risk of catastrophic health
expenditure for surgery (%)
Life expectancy at birth (y)
Maternal mortality rate
(per 100,000 live births)
Infant mortality rate
(per 1000 live births)
Child mortality rate
(per 1000 live births)
Deliveries via C-section (%)
Deliveries via C-section—
poorest wealth quintile (%)
Specialist surgical workforce
(per 100,000 population)
Hospital beds
(per 1,000 population)
LCoGS procedure rates
GINI
GDP / capita (current USD)

CL
(n = 39,053)

CL ± CLP
(n = 40,179)

−−0.04
−0.31

−0.04
−0.32

0.29

0.30

−0.49
0.43

−0.50
0.43

0.55

0.55

0.56

0.57

−0.44
−0.39

−0.46
−0.41

−0.37

−0.38

−0.29

−0.29

−0.31
0.13
−0.32

−0.32
0.13
−0.33

*r = Pearson Correlation Coefficient.
Average age of patients was organized by procedure types (CL, CLP) by country, and World Bank groups. (Table 5).

Table 5. Number of Procedures, % Distribution of
Procedures, and Average Age by World Bank Group

Table 2. List of Exclusions*
Reason for Exclusion

Table 3. Distribution of Primary CL, CLP, and CP Repairs by
Gender and Age

No. Procedures
29,534
8874
126
3404

*A single patient may have had more than 1 reason for exclusion.
Of the remaining 71,346 patients, 39,053 underwent CL repair, and 1126 underwent combined CL and CP repair (CLP). In total, 58.6% patients were men
(Table 3), which would be expected as there is a male predilection in CL(P).

No. Procedures, % Distribution within Procedure Group, and
Average Age by World Bank Income Group
Income Group
Low income
Low middle-income
Upper middle-income
High income

No.
Countries

CL Avg.
Age (mo)

CLP Avg.
Age (mo)

22
31
17
2

23.2
18.3
15.6
7.6

41.5
43.7
26.6
34
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to neonatal care, new-born screening, and broader pediatric medical care. It may be argued that an ideal pediatric
surgical service would contribute to raising awareness of
surgically treatable conditions by training neonatal clinicians and pediatricians in early diagnosis of such conditions. However, a sensitive pediatric surgery bellwether
indicator would ideally minimize the confounding impact
of missed diagnoses and late referral for surgery.
CL addresses these criteria because, unlike many congenital conditions, it is easy to diagnose, even by nonhealthcare professionals. Additionally, CL and CP are
highly prevalent conditions (birth incidence estimated at
one of every 700 live births).25 Based on the prevalence of
CL and CP as a congenital birth condition that comprise
a large proportion of the unmet pediatric surgical burden of disease and the availability of multinational treatment data from a large INGO, the consideration of CL as
a bellwether for pediatric surgical system performance is
warranted.
Recommendations for optimum age for CL repair vary
between countries. High-income countries such as the
UK have standards that recommend CL repair between
the ages of 3–6 months (unless there are specific clinical
contraindications).26 A study in Egypt, a lower middleincome country, also suggests the majority of CL cases
are repaired between 3 and 6 months.27 From the patient
data reviewed, the average age at surgery for CL surgery
was found to be 19.5 months and for CLP surgery, it was
33.14 months. The delayed age at surgery indicates a large
backlog of unmet burden of disease for CL or CLP surgery
and for pediatric surgery more generally. The average age
of presentation was highest in low-income countries, progressively decreasing in age to low middle-income, upper
middle-income, and high-income countries (Table 5).
This progression points to the relationship between level
of economic development and issues of accessibility and
availability of a specific elective but essential pediatric surgical procedure.
The bellwether procedures described by the LCoGS
used a 2-hour threshold to estimate timely access to essential surgical care. In contrast, timeliness of surgery for
non-life-threatening congenital birth defects, including
primary CL repair, are determined largely by the age of the
child and are often considered in the timeframe of months
and sometimes years. This time frame should conceivably
include the time required for diagnosis, referral to an
appropriate treatment center, and delivery of surgical care.
Our study showed that adults continue to present with
unrepaired CLs indicating that there is a residual backlog
that will take time to address. It is possible that improving access to, and awareness of, surgical treatment may
increase the number of adults seeking treatment, potentially increasing the average age of primary lip repair if
adult patients are included in any analysis. We therefore
focused our analysis on the age of surgery in pediatric
patients.
Comparing data from 73 countries, we have demonstrated that countries that achieve a younger average age
at CL repair are those that have better indicators of overall health system performance as well as surgical system
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performance. Additionally, reductions in age at surgery
could serve as a sensitive indicator of increasing and
improving pediatric surgical capacity. Thus, supporting
the case for age at CL repair as a pediatric surgery bellwether indicator.
Limitations

Through the granting process of Smile Train, the organization has an impact on the economy and capacity of the
surgical environment. This impact has the primary effect
of enabling more cleft surgery, but the broader impact on
overall surgical activity is unknown. The data analyzed are
from one organization and represent only operative data.
A more meaningful metric of coverage may be to look at
total national capacity for cleft surgery.

CONCLUSIONS

Untreated CL and palate are highly prevalent in
LMICs. Patients who do not receive surgery are forced to
live with life-long disability. These children are a part of
the estimated 1.7 billion children who do not have access
to surgery,21 many of them requiring treatment for congenital birth defects.
Age at surgery for CL+CLP for Smile Train patients
are correlated with broader indicators of health system
(life expectancy, maternal mortality rate, infant mortality rate, etc) and surgical system performance (C-section
rate, surgical specialist density, procedure rates etc). The
correlation of actual patient treatment data and national
level statistics would suggest that age at surgery for CL (±
CLP) is a meaningful bellwether for pediatric surgery in
LMICs. Increasing surgical capacity is essential for achieving the Sustainable Development Goals, and the utilization of this bellwether indicator for pediatric surgical care
has the potential to inform policies for scale up and for
understanding and addressing barriers to accessing pediatric surgical care.25
Dr. Felicity V. Mehendale, MD
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