
 

Table 2: Summaries of each article reviewed 

 
Paper Title Author Year Journal Measure 

of Cost 
Measure of 

Benefit / 

Consequence 

Model Study Setting Study Design Key Findings 

Impact of short 
term 

reconstructive 
surgical 

missions: a 
systematic 

review 

Thom 
Hendriks, 

et al. 

2019 BMJ 
Global 
Health 

DALYs, 
USD$ 

US$ per DALY 
averted, 

photographic 
assessment of 

aesthetic 
outcomes, speech 

evaluation, 
patient reported 

outcome 
measures 

𝐷𝐴𝐿𝑌= 𝑌𝐿𝐿∗ + 𝑌𝐿𝐷∗∗ 
Systematic review 

of literature; studies 
took place in 

different countries. 
The common theme 
was that all studies 

examined short 
term reconstructive 
missions in LMICs 

Systematic 
review 

Together, studies 
report positive impact 
of short-term missions. 
However, the evidence 

is limited. 

Economic 
Analysis of 
Children's 

Surgical Care in 
Low- and 

Middle- Income 
Countries: A 
Systematic 

Review 

Anthony 
Saxton, et 

al. 

2016 PLoS 
One 

DALYs, 
USD$ 

US$ per DALY 
averted, cost 
effectiveness 
ratio (CER) 

𝐷𝐴𝐿𝑌 = 𝑌𝐿𝐿∗ +𝑌𝐿𝐷∗∗; CER = (cost of 

treatment group - cost 

of control 

group)/(benefit of 

treatment group - 

benefit of control 

group) 

Systematic review 
of literature; studies 

many different 
countries. All 

include papers 
about children's 
surgical care in 

LMICs 
 

Systematic 
review 

Children's surgical care 
is extremely cost 

effective in LMICs. In 
particular, inguinal 

hernia repair, trichiasis 
surgery, cleft lip and 

palate repair, 
circumcision, 

congenital heart 
surgery, orthopedic 

procedures are 
considered essential. 

Potential 
Economic 

Benefit of Cleft 
Lip and Palate 
Repair in Sub-
Saharan Africa 

Blake 
Alkire, et 

al. 

2011 World 
Journal 

of 
Surgery 

 
DALYs, 
USD$ 

US$ per DALY 
averted using 

both the human 
capital approach 

and value of 
statistical life 
years (VSL) 

approach 

𝐷𝐴𝐿𝑌 = 𝑌𝐿𝐿∗ +𝑌𝐿𝐷∗∗; 𝑉𝑆𝐿 =𝑚𝑎𝑥𝑖𝑚𝑢𝑚  𝑎𝑚𝑜𝑢𝑛𝑡 𝑎  𝑝𝑒𝑟𝑠𝑜𝑛 𝑖𝑠  𝑤𝑖𝑙𝑙𝑖𝑛𝑔 𝑡𝑜 𝑝𝑎𝑦  𝑡𝑜 𝑚𝑖𝑡𝑖𝑔𝑎𝑡𝑒 𝑟𝑖𝑠𝑘  𝑜𝑓 𝑑𝑦𝑖𝑛𝑔 
 

LMICs in sub-
Saharan Africa 

Economic 
modeling using 
retrospective 
demographic 
and economic 

data. 

Total economic benefit 
of cleft lip and cleft 

palate repair in 2008 in 
sub-Saharan Africa is 
approximately $252 - 

441 million. This 
demonstrates that cleft 

lip and cleft palate 
repair have a 

substantial economic 
benefit in sub-Saharan 

Africa. 
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Estimation of 
Impact of 

Surgical Disease 
Through 

Economic 
Modeling of Cleft 

Lip and Palate 
Care 

D. Scott 
Corlew 

2009 World 
Journal 

of 
Surgery 

DALYs GNI per capita 
multiplied by 

DALYs, Value of 
Statistical Life 

(VSL) 

𝐺𝑁𝐼 ∗ 𝐷𝐴𝐿𝑌 = 𝐺𝑁𝐼 ∗(𝑌𝐿𝐿∗ + 𝑌𝐿𝐷∗∗); VSL 
calculated using data 

from India 

Nepal Economic 
modeling of 
cleft lip and 
palate care 

using data from 
patients who 
underwent 
surgery in 

Katmandu in 
2005 

Total benefit from cleft 
lip / palate repair using 

the human capital 
approach is 

approximately 
$2,652,434 PPP. Using 
the VSL approach, the 

total value was 
approximately 

$62,318,395. This 
demonstrates that cleft 
lip and palate repair are 
extremely cost effective 

in LMICs. 

Quantifying the 
Disability from 

Congenital 
Anomalies 

Averted through 
Surgery: A Cross 

Sectional 
Comparison of a 

Pediatric 
Surgical Unit in 

Kenya and 
Canada 

D. 
Poenaru, 

et al. 

2015 World 
Journal 

of 
Surgery 

DALYs N/A 𝐷𝐴𝐿𝑌= 𝑌𝐿𝐿∗ + 𝑌𝐿𝐷∗∗ 
Kenya and Canada Used data from 

medical 
records Kenya 
and Canada to 

quantify DALYs 
averted for 
congenital 
pediatric 
surgery 

In Kenya, the most 
DALYs were averted 

through hydrocephalus 
surgeries. Moreover, 
pediatric surgery has 

been shown to be 
significant in 

addressing the global 
burden of surgical 

disease. 

Is Global 
Pediatric 

Surgery a Good 
Investment? 

Emily 
Smith, et 

al. 

2019 World 
Journal 

of 
Surgery 

DALYs N/A 𝐷𝐴𝐿𝑌= 𝑌𝐿𝐿∗ + 𝑌𝐿𝐷∗∗ 
No specific setting; 
explains why global 

investment in 
pediatric surgery 
would benefit the 

world both 
economically and 

socially. 

Article The authors put forth 
multiple policy 
suggestions for 

improving access to 
pediatric surgery in 
LMICs and suggest 

improvements in global 
health financing, 
increasing and 

expanding financial risk 
mechanisms, and 

integrating pediatric 
surgery-specific plans 

into universal 
healthcare programs. 
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Disability 
Weights for 

Pediatric 
Surgical 

Procedures: A 
Systematic 
Review and 

Analysis 

ER Smith 
et al 

2018 World 
Journal 

of 
Surgery 

Assesses 
the 

accuracy 
of current 
disability 
weights. 

Disability weights 
(DWs) 

N/A LMICs  Summarize 
literature 

pertaining to 
pediatric DWs. 

The results indicate 
that the existing DWs 

are inadequate to 
accurately quantify the 

burden of pediatric 
surgical conditions. A 
wider set of DWs for 

pediatric surgical 
conditions needs to be 
developed, taking into 

account factors specific 
to the range and 

severity of surgical 
conditions. 

The burden of 
waiting: DALYs 
accrued from 

delayed access 
to pediatric 

surgery in Kenya 
and Canada 

Dan 
Poenaru, 

et al. 

2015 Journal 
of 

Pediatri
c 

Surgery 

DALYs N/A - goal to 
measure DALYs 

accrued over 
period of time 

𝐷𝐴𝐿𝑌= 𝑌𝐿𝐿∗ + 𝑌𝐿𝐷∗∗ 
Kenya and Canada Uses surgical 

data from 
Kenya and 
Canada to 

measure the 
impact of 

surgical delay 
using DALYs. 

This study 
demonstrates that 

calculating the burden 
of disease from delayed 

surgical procedure is 
feasible. 

Cost-
effectiveness of 
Humanitarian 

Pediatric Cardiac 
Surgery 

Programs in 
Low- and 

Middle-Income 
Countries 

Cardarelli
, et al. 

2018 JAMA  
USD$, 
DALY 

Cost-effectiveness 
(US$ per DALY 

averted), 
potential gains in 
life expectancy, 

years of 
schooling, and 
GNI per capita.  

N/A China, Macedonia, 
Honduras, Iran, 

Iraq, Libya, Nigeria, 
Pakistan, Russia, 

and Ukraine. 

Systematic 
Review 

Humanitarian pediatric 
cardiac surgery in 

LMICs is highly cost-
effective. It also leaves 

behind a lasting 
humanitarian footprint 

by potentially 
improving individual 
development indices. 

Micro-Economic 
benefits of 

Congenital Heart 
Surgery: Results 
of a Prospective 

Study from a 
Limited-

Resource Setting 

Raj, et al. 2015 PLoS 
One 

𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡= 𝑑𝑖𝑟𝑒𝑐𝑡  𝑐𝑜𝑠𝑡+ 𝑖𝑛𝑑𝑖𝑟𝑒𝑐𝑡  𝑐𝑜𝑠𝑡 
 

N/A OLS Regression Central Kerala, 
South India 

Interviews with 
patients asking 

about direct 
and indirect 

costs collected 
6 months after 

surgery. 

Authors discovered that 
the costs related to 

surgery for congenital 
heart disease are 

significant enough for 
the vast majority of 
families to forfeit a 

major proportion of 
their annual income to 
manage the situation. 
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The clinical and 
economic 

benefits of a 
sustained 

program in 
global plastic 

surgery: valuing 
cleft care in 

resource-poor 
settings. 

Hughes, 
et al. 

2012 Plastic 
and 

Reconst
ructive 
Surgery 

USD$, 
DALYs 

Human capital 
approach; VSL 

DALY = YLD (because 
cleft lip / palate does 

not cause death) 

Ecuador Retrospective 
review 

1142 surgical cases 
over 15 years in 

Ecuador translated to 
an economic benefit 
between $4.7 million 

(HCA) and $27.5 million 
(VSL). 

Global economic 
consequences of 
selected surgical 

diseases: a 
modelling study 

Alkire, et 
al. 

2015 The 
Lancet 

Value of 
lost 

output, 
value of 

lost 
welfare 

N/A Value of lost output 
approach (based on 
WHO's EPIC model), 
and the value of lost 

welfare approach, 
which estimate the 

present value of long 
run and short run 

welfare losses 

Global: estimating 
economic 

consequences for 
128 countries 

Examined five 
major surgical 

disease 
categories, and 

calculated 
economic cost 

of disease using 
VLO and VLW 

VLO: from 2015 to 
2030 surgical diseases 

result in cumulative 
loss of $20.7 trillion. 

VLW: value of economic 
welfare losses in 2010 

were equal to $14.5 
trillion 

Global Surgery 
2030: evidence 

and solutions for 
achieving health, 

welfare, and 
economic 

development 

Meara, et 
al. 

2015 The 
Lancet 

US$, 
DALYs, 

lives lost  

DALYs averted, 
value of a 

statistical life 
(VSL) 

Assessing the current 
state of surgical and 

anesthesia care in 
LMICs. 

LMICs Formed the 
Commission on 
Global Surgery 

with 25 
commissioners.  

5 key messages: 
1.) 5 billion people 
don't have access to 
surgical care 
2.) 143 million more 
surgical procedures 
needed in LMICs each 
year 
3.) 33 million face 
catastrophic health 
expenditure due to 
surgery each year 
4.) Investing in surgery 
is affordable, saves 
lives, and promotes 
economic growth 

5.) Surgery is an 
indivisible, 

indispensable part of 
healthcare. 
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Costs and Cost-
Effectiveness of 

Pediatric 
Inguinal Hernia 

Repair in 
Uganda 

Gareth 
Eeson, et 

al. 

2014 World 
Journal 

of 
Surgery 

USD$, 
DALYs 

US$ per DALY 
averted, 

incremental cost-
effectiveness 
ratio (ICER) 

𝐷𝐴𝐿𝑌= 𝑌𝐿𝐿∗ + 𝑌𝐿𝐷∗∗ 
Two hospital sites 

in Uganda 
Costs recorded 
prospectively; 
modeling used 

to compare 
health 

outcomes in 
model with 
treatment 

versus without 

Pediatric inguinal 
hernia repair (PIHR) in 
a low-resource setting 
has a 95% probability 

of being cost effective at 
a cost-effectiveness 
threshold of $35 per 

averted DALY. 

Cost-utility of 
burns 

management in 
Nigeria: a case 

study of the 
National 

Orthopaedic 
Hospital, Enugu 

C.E. 
Okafor, et 

al. 

2017 Annals 
of Burns 
and Fire 
Disaster

s 

USD$, 
DALYs 

US$ per DALY 
averted, 

incremental cost-
effectiveness 
ratio (ICER) 

𝐷𝐴𝐿𝑌= 𝑌𝐿𝐿∗ + 𝑌𝐿𝐷∗∗ 
National 

Orthopaedic 
Hospital, Enugu 

(NOHE); cost-utility 
analysis from the 

perspective of 
health service 

providers in Nigeria 

Retrospective 
analysis  

Burn management is 
cost-effective in 

Nigeria, but the cost of 
managing burns per 

patient is more than the 
average income, so it is 

cost-effective but too 
expensive for most 
Nigerians to afford. 

Helping Hands: 
A Cost-

Effectiveness 
Study of a 

Humanitarian 
Hand Surgery 

Mission. 

Kashyap 
K. 

Tadisina, 
et al. 

2014 Plastic 
Surgery 
Internati

onal 

USD$, 
DALYs 

US$ per DALY 
averted, 

incremental cost-
effectiveness 
ratio (ICER) 

𝐷𝐴𝐿𝑌 = 𝑌𝐿𝐷∗∗ Surgical 
humanitarian 
mission trip 

consisting of 20 
healthcare 

professionals 
working out of 

Leonardo Martinez 
Hospital in San 

Pedro Sula, 
Honduras. 

Data were 
collected 

during the 
mission; costs 

were estimated 
for local and 

volunteer 
services.  

 

The cost per DALY 
averted for hand 

surgeries is 
significantly below the 
accepted threshold of 

two times the per 
capita gross national 
income of Honduras, 
therefore the mission 

was to be cost-effective. 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2020-039644:e039644. 10 2020;BMJ Open, et al. Hilla A



Effectiveness, 
cost-

effectiveness, 
and economic 

impact of a 
multi-specialty 

charitable 
surgical center 

in Honduras 

Darren 
Eblovi, et 

al. 

2019 Internati
onal 

Journal 
of 

Surgery 
Open 

USD$, 
DALYs 

US$ per DALY 
averted using 

both the human 
capital approach 

and value of 
statistical life 
years (VSL) 

approach; one-
year outcomes for 

complications, 
infections, and 

patient 
satisfaction 

𝐷𝐴𝐿𝑌 = 𝑌𝐿𝐿∗ +𝑌𝐿𝐷∗∗; 𝑉𝑆𝐿 =𝑚𝑎𝑥𝑖𝑚𝑢𝑚  𝑎𝑚𝑜𝑢𝑛𝑡 𝑎  𝑝𝑒𝑟𝑠𝑜𝑛 𝑖𝑠  𝑤𝑖𝑙𝑙𝑖𝑛𝑔 𝑡𝑜 𝑝𝑎𝑦  𝑡𝑜 𝑚𝑖𝑡𝑖𝑔𝑎𝑡𝑒 𝑟𝑖𝑠𝑘  𝑜𝑓 𝑑𝑦𝑖𝑛𝑔; 
 𝑉𝑆𝐿(𝐻𝑜𝑛𝑑𝑢𝑟𝑎𝑠) = 𝑉𝑆𝐿(𝑈𝑆𝐴) × [𝐺𝑁𝐼(𝐻𝑜𝑛𝑑𝑢𝑟𝑎𝑠)𝐺𝑁𝐼(𝑈𝑆𝐴) ]0.55

 

Charitable 
ambulatory surgical 

center in rural 
Honduras 

Patient post-op 
data used to 

measure 
decrease in 

disability over 
1-year period 
and estimate 

cost 
effectiveness 

Charitable surgical care 
provides a substantial 

benefit to the 
population: $17.9 
million using the 

human capital 
approach and $328.4 
million using the VSL 

approach. These 
operations were 
slightly less cost-

effective than many 
short-term surgical 

missions. 

Cost-
Effectiveness in 
Global Surgery: 
Pearls, Pitfalls, 
and a Checklist 

Mark 
Shrime, 

et al. 

2017 World 
Journal 

of 
Surgery 

US$, 
DALYs 

Incremental cost-
effectiveness 

ratio (ICER); lives 
saved, QALYs, 
DALYs averted 

Recommended 

estimate for DALYs 

averted:  𝐷𝐴𝐿𝑌𝑎= 𝑌𝐿𝐿(𝑅𝐷− 𝑅𝐷𝑝𝑜𝑠𝑡𝑇𝑥)+ 𝑃𝑆𝑇(𝑅𝐷𝑝𝑜𝑠𝑡𝑇× 𝑌𝐿𝐿 + 𝑌𝐿𝐷𝑑𝑧− 𝑝𝐶𝑜𝑚𝑝𝑙× 𝑌𝐿𝐷𝑐𝑜𝑚𝑝𝑙) 

Review of the 
theoretical basis, 
common pitfalls, 
and guidelines-

based 
recommendations 

for cost-
effectiveness 

analyses (CEAs) in 
order to create a 

checklist for CEAs in 
global surgery  

Systematic 
review 

There are 5 categories 
of common pitfalls in 
global surgery CEAs: 

the analytic 
perspective, cost 

measurement, 
effectiveness 

measurement, 
probability estimation, 

valuation of the 
counterfactual, and 
heterogeneity and 

uncertainty. 

Cost-
Effectiveness 

Analysis of 
Humanitarian 
Hand Surgery 

Trips According 
to WHO-CHOICE 

Thresholds 

Xuan Qiu, 
et al.  

2019 Journal 
of Hand 
Surgery  

US$, 
DALYs 

US$ per DALY 

averted 

 

 

DALYs-averted =  

DW × RLE × LPD × 

LTS 

where DW is 

disability weight, RLE 

is remaining life 

expectancy, LPD is 

likelihood of 

permanent disability, 

and LTS is likelihood 

of treatment success 

14 hand surgery 
trips to LMICs from 
the Touching Hands 
Project and ReSurge 

International 

Retrospective 
analysis  

The surgeries were 
very cost-effective 
according to WHO-

CHOICE thresholds, and 
comparable 

to that of other medical 
interventions in similar 

regions. Authors 
identified a lack of 

standardized record 
keeping for these 

surgical trips. 

 
*YLL = years of life lost due to disability  
** YLD = years of life lived with disability weights 
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