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Cost-effectiveness of surgery and its policy implications for
global health: a systematic review and analysis

Tiffany E Chao, Ketan Sharma, Morgan Mandigo, Lars Hagander, Stephen C Resch, Thomas G Weiser, John G Meara

Summary

Background The perception of surgery as expensive and complex might be a barrier to its widespread acceptance in global
health efforts. We did a systematic review and analysis of cost-effectiveness studies that assess surgical interventions in
low-income and middle-income countries to help quantify the potential value of surgery.

Methods We searched Medline for all relevant articles published between Jan 1, 1996 and Jan 31, 2013, and searched
the reference lists of retrieved articles. We converted all results to 2012 US$. We extracted cost-effectiveness ratios
(CERs) and appraised economic assessments for their methodological quality using the 10-point Drummond
checklist.

Findings Of the 584 identified studies, 26 met full inclusion criteria. Together, these studies gave 121 independent
CERs in seven categories of surgical interventions. The median CER of circumcision ($13-78 per disability-adjusted
life year [DALY]) was similar to that of standard vaccinations ($12-96-25-93 per DALY) and bednets for malaria
prevention ($6-48-22-04 per DALY). Median CERs of cleft lip or palate repair ($47-74 per DALY), general surgery
($82-32 per DALY), hydrocephalus surgery ($108-74 per DALY), and ophthalmic surgery ($136 per DALY) were
similar to that of the BCG vaccine ($51-86-220-39 per DALY). Median CERs of caesarean sections ($315-12 per
DALY) and orthopaedic surgery ($381-15 per DALY) are more favourable than those of medical treatment for
ischaemic heart disease ($500-41-706-54 per DALY) and HIV treatment with multidrug antiretroviral therapy
($453-74-648 20 per DALY).

Interpretation Our findings suggest that many essential surgical interventions are cost-effective or very cost-effective
in resource-poor countries. Quantification of the economic value of surgery provides a strong argument for the
expansion of global surgery’s role in the global health movement. However, economic value should not be the only
argument for resource allocation—other organisational, ethical, and political arguments can also be made for its

inclusion.
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Introduction

Global health efforts, guided in part by the Millennium
Development Goals (MDGs)," have focused mainly on the
prevention and treatment of malnutrition, obstetric
disorders, and communicable diseases.? With the exception
of a few surgical procedures—eg, caesarean delivery and
male circumcision, which have a role in the prevention of
maternal and neonatal deaths and the transmission of
some communicable diseases—surgical interventions
have been largely ignored. However, findings from the
Global Burden of Disease 2010 study show that the growing
burden of both non-communicable diseases and injuries
includes many surgically treatable problems.* For example,
road-traffic injuries accounted for 75-5 million disability-
adjusted life-years (DALYs) in 2010, up nearly 20 million
DALYs from 1990. Cancer has caused 76% more disability
globally in the same timeframe. Historically, surgically
treatable disease was estimated to account for at least 11%
of the total global burden of disease," which might be an
underestimate because other studies have reported that
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about 25% of people in Sierra Leone need surgical
assessment,’ and as many as 85% of paediatric patients in
Africa have a surgically treatable disorder by the age
of 15 years.® The substantial and growing burden of
surgically treatable disease necessitates careful assessment
of a wide range of surgical interventions to establish their
priority within the expanding global health movement.’
The perception of surgery as an expensive intervention
might be a barrier to widespread acceptance of its potential
role in achieving global health goals, especially when
compared with other public health measures such as
vaccines or antiretroviral treatment.”® Assessment of the
value of surgery in these settings is further challenged by
uncertainty about the epidemiology of met and unmet
need worldwide, the effectiveness of surgical intervention
in the prevention of death and disability, and established
benchmarks for quality of surgical care.’
Cost-effectiveness analysis might help to establish the
value of surgical intervention because it takes into
account both cost and health impact simultaneously in a
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Articles

validated and transparent framework.” Mock and
colleagues proposed that cost-effectiveness of surgical
procedures be considered, along with burden of disease
and success of surgical intervention, to prioritise various
surgical interventions in resource-poor countries."
Investigators doing cost-effectiveness research have
analysed a range of surgery-related expenditures in low-
income and middle-income settings, from short-term
volunteer-led projects focusing on procedures for single
diseases such as cleft palate or cataracts™™ to the existence
of surgical facilities"™ to the potential implementation of
surgical interventions internationally.”* Stakeholders
and policymakers have to consider a wide variety of
factors when allocating funds and resources, and they
would benefit from improved estimates of the prevalence
of surgically treatable diseases and better information
about the cost-effectiveness of surgery.

Various metrics have been proposed to calculate the
health-benefit component of the cost-effectiveness
equation when assessing a proposed intervention. The
simplest is life-years (LY) gained, but this metric does not
account for an intervention’s ability to reduce morbidity.
Summary measures of health that account for both
survival and quality-of-life improvements include the
quality-adjusted life year (QALY),* handicap-adjusted life
year (HALY),” and DALY.* DALYs are calculated by
adding the number of years of life lost due to premature
mortality to the number of years of healthy life lost
related to disability. Thus one DALY is defined as the loss
of the equivalent of 1 year of life at full health.”” The
strengths and limitations of the DALY approach have
been described previously.”* Nevertheless, DALYs have
become the most commonly used metric of health
impact™* and have been promoted by both the Disease
Control Priorities Project* and WHO’s Global Burden of
Disease project.’

The evidence base for the cost-effectiveness of surgery in
low-income and middle-income countries® is incomplete
because no study has incorporated rigorous quality
assessment and analysis.* We aimed to systematically
compile and compare the cost-effectiveness of different
surgical interventions, to objectively assess the rigour with

585 unique abstracts identified
571 through PubMed
14 through manual review

44 521 abstracts

y

64 full-text articles extracted
for in-depth review

38 excluded
8 in high-income countries
27 other outcome metric
v 1 non-surgical
2 reviews

26 articles met final
inclusion criteria

Figure 1: Study selection

which such studies were done, and to do a thorough
analysis of existing data to mediate the divergent findings
in previous cost-effectiveness studies.

Methods

Search strategy and selection criteria

We followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines.” We
searched Medline using the following MeSH headings:
“Surgical”, “Surgery”, “Costs and cost analysis”, “Cost-
benefit analysis” (inclusive of the subheading “cost
effectiveness”), “Health care costs”, and “Developing
countries”. We identified more articles by consulting
experts and manually reviewing bibliographies of retrieved
studies. We did our last search on Jan 31, 2013.

Inclusion criteria were as follows: studies that analysed
the cost-effectiveness or cost-benefit of surgical pro-
cedures, presence of surgical facilities, or surgical
missions; measured health benefit in LYs, QALYs, HALYs
gained, or DALYs averted; were done in low-income and
middle-income countries as defined by the World Bank;*
and were published since 1996. Exclusion criteria were
as follows: any study consisting of a narrative review or
editorial lacking formal analytic methodology or using a
different measure of health benefit.

Quality assessment and data extraction

We appraised economic assessments for their methodol-
ogical quality using the Drummond 10-point checklist, a
standard method for the assessment of cost-effectiveness
studies.” Some checklist items have both cost and con-
sequence components; for these items, each component
is weighted at 0- 5 times, such that the final denominator
is 10. If a component was not applicable, we weighed the
complementary component at times 1.

We converted results from all studies that described
cost-effectiveness in US$ per DALY, HALY, or QALY
from their initial values in the study’s reported currency
to 2012 US$ using the Consumer Price Index Inflation
calculator.® In some studies, the currency year was not
stated and was therefore assumed to be the year of a
study’s publication. The studies that used international
dollars did not include enough detail about what
fraction of costs were non-tradable—we converted
these costs into US$ and accordingly compared them
using the Atlas method gross domestic product (GDP)
per head.

To extract as much information as possible, we
separated results from different countries or procedures
even if they were reported in the same study; we regarded
these results as separate data points when calculating
medians. We included values for surgical interventions
not combined with medical treatments only. We excluded
data points from high-income countries only. Whenever
possible, incremental DALY calculations using age
weighting and 3% discounting were chosen for point
values, and calculations without discounting and age

www.thelancet.com/lancetgh Vol 2 June 2014



Articles

Year Intervention Country GDP per head* Cost per outcome Unitof  Currency Cost per outcome
outcome in2012 US$
General or other
Jhaetal® 1998  Caesarean delivery; Guinea $313 $18 / caesarean delivery; Ly 1994 US$ $28;
appendectomy; $36 / appendectomy; $56;
hernia repair; $74 [ hernia; $115;
trauma $278 | severe trauma $431;
Gosselin etal” 2006  Surgical hospital Sierraleone  $243 $32.78 DALY 2004 US$ $39-84
Debas et al* 2006  Injury, obstetrics, cataracts or Global $887 $212-241in community hospital; DALY 2001 US$ $275-312
glaucoma, cancer, perinatal $33-94 in district hospitalt $43-122
conditions, congenital
anomalies, other
Gosselinetal® 2008  Trauma hospital Cambodia $479 $77-40 DALY 2006 US$ $88.15
Gosselin et al'® 2010 Trauma centre Nigeria; $1280 in Nigeria; $172in Nigeria; DALY 2008 US$ $183;
Haiti $621 in Haiti $223 in Haiti $238
Shillcutt et al” 2010  Inguinal hernia repair Ghana $1153 $12-88 DALY 2008 US$ $13-73
Warf etal® 2011  Lifetime hydrocephalus repair ~ Uganda $272 $59-126 DALY 2005 US$ $69-148
Shillcutt et al® 2013  Inguinal hernia repair Ecuador $4952 $78-18 DALY 2011 US$ $79-80
Obstetrics
McCord et al*® 2003  Obstetric hospital Bangladesh $225 $10-93 DALY 1995 US$ $16-47
Alkire et al® 2012  Caesarean delivery 49 countries  $734 $304 ($251-3462) DALY 2008 US$ $324 ($268-3692)
Ophthalmology
Evans et al* 1996 Trachoma surgery Burma Data not available $59% ($22-70) HALY 1990 US$ $104 ($39-123)
Marseille et al** 1996 Cataract repair Nepal $155 $5:061 DALY 1996 US$ $7-40
Baltussen et al? 2004  Cataract repair Global $876 $54 (southeast Asia D)—$465 DALY 2000 $72-620
(Europe B)I international $
Baltussen et al® 2005  Trachoma surgery Global $876 $13-17 in Africa; DALY 2000 $17-23;
$36-78 in Eastern Mediterranean; international $  $48-104;
$49 in the Americas; $65;
$24 in southeast Asia; $32;
$35 in Western Pacific $47
Lansingh et al® 2009 Cataract repair Brazil; $3027 in Brazil; $60-9 in Brazil QALY 2004 US$ $74-0;
China; $1251in Ching; $253-6-834 China $308-2-1013-7;
Ethiopia; $114 in Ethiopia; $13-8 in Ethiopia $16-8;
India; $546 in India; $3.7-35-1in India $4.5-42-7;
Kenya; $388in Kenya; $25in Kenya $30-4;
Nepal; $245in Nepal; $3-5-35-7 in Nepal $4-3-43-4;
Nigeria; $542 in Nigeria $36-1in Nigeria $43-9
Uganda $240 Uganda $27-9in Uganda $339
Zimbabwe $384 Zimbabwe $55-4 in Zimbabwe $67-3
Wittenbornetal® 2011  Glaucoma surgery Barbados; $9514 in Barbados;  $1272-6632 in Barbados; DALY 2005 US$ $1495-7797
Ghana $435 in Ghana $1407-9808 in Ghana|| $1654-11 530
Baltussen et al* 2012  Trachomaandtrichiasis surgery, Sub-Saharan ~ $359in SSA; $71-189 for trachoma in SSA; DALY 2005 $83-222;
cataract repair Africa (SSA);  $641in SEA $285-849 for trachoma in SEA; international $  $335-998;
southeast $116-117 for cataract repair in SSA; $136-138;
Asia (SEA) $97 for cataract repair in SEA $114
Orthopaedics
Gosselin et al* 2011  Orthopaedic repair Haiti; $639 in Haiti; $343 in Haiti; DALY 2010 US$ $361;
Dominican $3160 in Dominican  $362 Dominican Republic and $381
Republicand  Republic and Nicaragua
Nicaragua Nicaragua
Chenetal? 2012  Orthopaedic repair Nicaragua $1406 $476-32 DALY 2010 US$ $501-52
Plastic surgery
Corlew et al** 2010  Cleftlip and palate repair Nepal $278 $29 DALY 2005US$ $34
Magee et al® 2010  Cleftlip and palate repair Kenya; $734 in Kenya; $96-04 in Kenya; DALY 2008 US$ $102-41;
Russia; $10933 in Russia; $32-27 in Russia; $34-41;
Nicaragua; $1361in Nicaragua;  $66-01in Nicaragua; $70-39;
Vietnam $1000 in Vietnam $7-36-23-83 in Vietnam $7-85-25-41
Moon et al® 2012 Cleft lip and palate repair Vietnam $1167 $56** ($43-65) DALY 2007- $59 ($45-68)
2010 US$

(Table 1 continues on next page)
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Year Intervention Country GDP per head* Cost per outcome Unitof  Currency Cost per outcome
outcome in2012 US$

(Continued from previous page)

Urologytt

Kahn et al* 2006  Adult male circumcision South Africa  $4882 CER $12-10; <$01+ DALY 2006 US$ $13.78

Fieno et al*® 2008  Adult male circumcision Mozambique =~ $406 CER $7-38; <$0tt DALY 2008 US$ $7-87

Binagwahoetal® 2010 Male circumcision Rwanda $431 $334 foradolescents; $613 foradults ~ LY$+ 2008 US$ $356;
$654

Uthman et al” 2011  Adult male circumcision SSA $1142 CER $19-71; <$0tt DALY 2008 US$ $21.02

DALY=disability-adjusted life-year. HALY=handicap-adjusted life-year. QALY=quality-adjusted life-year. LY=life-year. *Country or regional gross domestic product (GDP) per head from World Bank in the same US$ as year of
currency; calculations done on Dec 8, 2013, using 2013 index of 106.2; low-income and middle-income GDP data used for global studies—for multiple countries, we report the median value. tWe report best estimates—see
original study for low and high estimates. $Interventions include medical, obstetric or gynaecological, paediatric, and surgical care, although obstetric or gynaecological and surgical interventions constituted majority of
care. SRepresents reported mean of values across all phases of implementation. §JAcross all coverage scenarios, including both surgical methods; regions containing only upper-income countries excluded. ||Range
represents three different case-finding models and one-time surgical laser treatment. **Represents reported mean of point values across all mission years. +1This cost-effectiveness ratio (CER) represents the incremental
cost per DALY averted compared with no circumcision, wherein corresponding costs of HIV treatment are provided for HIV infections not averted by circumcision. 3Outcome is LYs gained by averting HIV infection, with
correction for the number of years (22 years) that would be achieved with anti-retroviral therapy. Geographical regions A-E are defined based on epidemiological similarity,” such that B=low adult mortality and
low child mortality and D=high adult mortality and high child mortality.

Table 1: Studies of surgical interventions

1 2 3 4 5a 5b 6a 6b 7a 7b 8 9 10 Summary score

Baltussen et al (2004) Y Y Y Y Y Y Y Y Y Y Y Y 10
Baltussen et al (2005) Y Y Y Y Y Y Y Y Y Y Y Y 10
Binagwaho et al (2010) Y Y Y Y Y Y Y Y Y Y Y Y 10
Baltussen et al (2012) Y Y Y Y Y Y Y Y N/A Y Y Y Y 10
Evans et al (1996) Y Y Y Y Y Y Y N Y Y Y Y Y 95
Uthman et al (2011) Y Y Y Y Y Y N Partially Y Y Y Y Y 925
Marseille et al (1996) Y Y Y Y Y Y Y Y N/A Y N Y Y 9
Warf et al (2011) Y Y Y Y Y Y Y Y Y Y N Y Y 9
Wittenborn et al (2011) Y Y Y N Y Y N Y N/A Y Y Y Y 85
Shillcutt et al (2012) Y Y Partially Y Y Y Y Y N/A Y N Y Y 85
Kahn et al (2006) Y Y Y N Y Y N Partially Y Y Y Y Y 825
Jhaetal (1998) Y Y Y Y Y Y Y Y N/A Y N N Y 8
Lansingh et al (2009) Y Y N Y Y Y Y Y Y Y N Y Y 8
Shillcutt et al (2010) Y Y N Y Y Y Y Y N/A Y N Y Y 8
Moon et al (2012) Y Y N Y Y Y Y Y N/A Y N Y Y 8
McCord et al (2003) Y Y Partially Y Y Y Y Y N/A Y N N Y 75
Gosselin et al (2008) Y Y Partially Y Y Y Y Y N/A Y N N Y 75
Gosselin et al (2010) Y Y Partially Y Y Y Y Y N/A Y N N Y 75
Gosselin et al (2006) Y Y Partially Y Y Y Y Partially  N/A Y N N Y 7-25
Alkire et al (2012) Y Y N N Y Y Y Y N/A Y N Y Y 7
Chen et al (2012) Y Y N N Y Y Y Y N/A Y N Y Y 7
Fieno et al (2008) Y Y Y Y Y Y Y Partially  N/A N N N Y 6-75
Magee et al (2010) Y Y Y N Y Y N Y N/A Y N Y N 65
Debas et al (2006) N Y N Y Y Y Y N N/A N N Y Y 6
Corlew et al (2010) N Y N N Y Y Y Y N/A Y N Y N 5
Gosselin et al (2011) Y Y Partially N Y Y N Y N/A N N N Y 4.5

Drummond checklist questions are: 1= Was a well-defined question posed in answerable form?; 2=Was a comprehensive description of the competing alternatives given?; 3=Was the effectiveness of the
programme or services established?; 4=Were all the important and relevant costs and consequences for each alternative identified?; 5a=Were costs measured accurately in appropriate physical units?; 5h=Were
consequences measured accurately in appropriate physical units?; 6a=Were the cost valued credibly?; 6b=Were the consequences valued credibly?; 7b=Were costs adjusted for differential timing? 8=Was an
incremental analysis of costs and consequences of alternatives done?; 9=Was allowance made for uncertainty in the estimates of costs and consequences?; 10=Did the presentation and discussion of study results
include all issues of concern to users?

Table 2: Drummond scoring
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weighting were excluded from analysis. When different
costs were provided, we excluded estimates that included
consumables but did not account for infrastructure. We
calculated median values for interventions for which
cost-effectiveness was reported in DALYs, HALYs, or
QALYs.

We extracted cost-effectiveness ratios (CERs) for non-
surgical global health interventions from Disease
Control Priorities for Developing Countries.* These
values incorporate the CER with respect to the individual
receiving the intervention and were derived from com-
prehensive literature searches to incorporate all available
analyses. As such, these estimates are affected by the
same variability in costing methodology as the data
reported herein for surgical interventions; however, we
applied the same discounting and age-weighting.

TEC and LH reviewed abstracts and TEC reviewed
full articles to assess eligibility for inclusion, with
disagreements resolved by discussion. TEC, KS, and MM
abstracted study information and additional data to
create tables and figures. TEC and KS assessed study
quality using the Drummond 10-point checklist. We did
iterative reviews until consensus was reached about key
messages and conclusions.

Statistical analysis
The appendix details the data extracted from each
reference to generate point values and ranges for the
surgical interventions identified. Quantitative synthesis
was done by extracting or calculating median values for
each intervention.

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. The corresponding author had full
access to all the data in the study and had final
responsibility for the decision to submit for publication.

Results

We identified 571 citations in our systematic review,
adding an additional 14 after manual review. Of these,
26 met full inclusion criteria (figure 1). The 26 included
studies*?#22%%% were published between 1996 and 2012
(table 1). The appendix and table 2 show the results of
the assessment of each study with the Drummond
checklist.

We extracted and converted to 2012 US$ 121
independent CERs in seven categories of surgical inter-
ventions. The most cost-effective procedures included
$7-87 per DALY for male circumcision in Mozambique,*
and $7-29 per DALY for cataract repair in Nepal.” Of the
121 interventions assessed, only five estimates exceeded
$1000 per DALY: glaucoma surgery in Barbados
($1451-91-7570-02) and Ghana ($1606-00-11195-22),"
and caesarean deliveries in Mongolia ($1085-61),
Tunisia ($2150-88), and Libya ($3077-56).” However,

www.thelancet.com/lancetgh Vol 2 June 2014

two of these five countries, Tunisia and Libya, are upper-
middle-income countries.

The median CERs ($ per DALY averted) for specific
interventions were $13-78 for adult male circumcisions;
$47.74 for cleft lip and palate repair; $82-32 for general
surgery, including interventions done at surgical hospitals;
$108 -74 for hydrocephalus repair;*® $136 - 00 for ophthalmic
surgery, including cataract, trichiasis, and trachoma
surgery; $315-12 for caesarean deliveries; and $381-15 for
orthopaedic surgery done at elective and emergency
mission settings (figures 2, 3, and 4).

We also calculated CERs for adult male circumcision by
comparing the cost per DALY attributed to averted HIV
infections with the cost per DALY for HIV treatment in
view of the higher incidence in uncircumcised men.  See Online forappendix

A Adult male circumcision

21.02
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1378
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102:41
Mi t K 43 *
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Figure 2: Cost-effectiveness ratios for adult circumcision (A), cleft lip and palate repair (B), general surgery (C),
and orthopaedic surgery (D)
DALY=disability-adjusted life-year.
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Figure 3: Cost-effectiveness
ratios for adult ophthalmic
surgery

Diamonds are DALYs, triangles
are QALYs, and squares are
HALYs. ICCE-AG=intra-capsular
cataract extraction, using
aphakic glasses.
ECCE-PC-I0L=extra-capsular
cataract extraction with
implantation of a posterior
chamber intraocular lens.
Geographical regions A-E are
defined based on
epidemiological similarity,”
such that A=regions with very
low adult mortality and

low child mortality,

B=low adult mortality and
low child mortality,

C=high adult mortality and
low child mortality,

D=high adult mortality and
high child mortality, and
E=very high adult mortality and
high child mortality.
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Libya ] 307756 &
Tunisia ] 2150-88 ¢
Mongolia ] 10941 ¢
Haiti | 89042 &
Cambodia | 79232 ¢
Gabon | 756-06 &
Vietnam ] 7486 &
Philippines |
Swaziland | 54172 &
Sudan | 527-86 &
Indonesia | 52359 ¢
Morocco ] 52039 ¢
Yemen ] 511-86
Pakistan | 50226 ¢
Lesotho | 50013 ¢
India | 2335
Zimbabwe | 400.96 &
Algeria ] 39669 ¢
Bangladesh ] 39136 ¢
Nepal ] 39029 &
Central African Republic ] 35724 &
Zambia | 34017 &
Mauritania | 336:97 ¢
Cote d'lvoire | 32418 &
Cameroon ] 31778 @
Chad | 31245 ¢
Mozambique ] 31032 ¢
Nigeria ] 30818 ¢
Tanzania ] 30712 ¢
Burkina Faso ] 302:85 ¢
Uganda ] 302:85 ¢
Benin 7 299:65 ¢
Kenya ] 296-45 &
Mali | 29645 @
Senegal ] 29325 4
Malawi | 29219 &
Comoros ] 29112 ¢
Liberia | 290-05 ¢
Ghana | 27939
Sierra Leone IRZETS
DR Congo | 27619
Niger 7 6190
Rwanda | 27619
Guinea | oasze
Ethiopia | 272:99 &
Togo | 27193 &
Eritrea | 27086 8
Madagascar 7| 26766 @
200 3(‘)0 4(‘)0 5(‘)0 7(‘)0 8(‘)0 9(‘)0 10‘00 20‘00 30‘00
$ per DALY averted (2012 US$)

Figure 4: Cost-effectiveness ratios for caesarean deliveries®

Findings from all three studies showed that provision of
circumcision was cost-saving versus no circumcision,
yielding a CERs of less than $0.

Figure 5 shows these values relative to traditional
public health interventions. The median CERs of surgical
interventions compare favourably with the selected

www.thelancet.com/lancetgh Vol 2 June 2014

traditional public health strategies in low-income-
countries (adjusted to 2012 US$).»#

Discussion
Our findings draw attention to the cost-effectiveness of
published surgical interventions, according to both inter-
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national standards and in relation to traditional public
health strategies. WHO has endorsed cost-effectiveness
analysis to help guide policy,” specifically, a system based
on a country’s GDP per head.” Interventions with a CER
one-to-three times greater than the host country’s GDP per
head are regarded as cost-effective, whereas ones with a
CER lower than GDP per head are regarded as very cost-
effective.”® Table 1 shows the GDP per person of the
countries included in this review and can be used to
establish each intervention’s cost-effectiveness based on
these criteria. These values are reported in US$ in the
corresponding year of the study’s reported currency.”
According to this WHO definition for cost-effectiveness,
nearly all surgical interventions reported here are very cost
effective. *

The wide range of cost-effectiveness for similar
procedures shows regional variation in price, demo-
graphics, and resource use. For example, the Western
Pacific region has low overall morbidity from cataracts,
few cataract operations, and hence especially high
programme costs per operation; therefore, the cost-
effectiveness ratio of cataract surgery is less favourable
here than elsewhere.”” Estimates in this study were in
international dollars, which are typically higher than
estimates in US$ because of the adjustment for
purchasing power parity.

The reported CERs for surgical interventions are
especially interesting when compared with widely
accepted public health strategies in resource-poor
countries, as estimated by Jamison and colleagues.® Male
circumcision in Africa (median CER $13-78 per DALY),

cataract repair in Nepal ($7-29 per DALY),” and inguinal
hernia repair in Ghana ($12-88 per DALY),” have CERs
similar to WHO’s Expanded Program on Immunization
($12-96-25-93 per DALY) and bednets for malaria
prevention ($6-48-22-04 per DALY). Median CERs of
cleft lip or palate repair ($47-74 per DALY), general
surgery ($82-32 per DALY), hydrocephalus repair
($108-74 per DALY), and ophthalmic surgery ($136- 00 per
DALY) are all similar to that of the BCG vaccine, which
costs $51-86-220-39 per DALY. We were surprised to
find that the median CERs of the final two surgery
categories, caesarean deliveries ($315-12 per DALY) and
orthopaedic surgery ($381-15 per DALY), were the
highest of the surgical categories. However, these
interventions are still excellent value compared with
medical treatment for chronic ischaemic heart disease
($500-41-706-54 per DALY) and HIV treatment
($453-74-648 - 20 per DALY) under optimum conditions.
This finding is especially relevant in view of the
magnitude of the disease burden that these surgical
interventions address. The CERs reported for most
surgical interventions studied in low-income and middle-
income countries are far below these CERs for widely
used interventions in these settings.

22 studies assessed particular surgical procedures and
four studies assessed the overall value of surgical
facilities. Our systematic search strategy, including
manual review and rigorous critical appraisal, yielded an
overview of a wide variety of interventions and provides a
comprehensive view of the overall cost-effectiveness of
global surgery.

Orthopaedic surgery

Caesarean deliveries

Ophthalmic surgery

38115

31512
+

*

v

L 4
4

Hydrocephalus repair®®

v

General surgery

L 4

Cleft lip or palate repair

Adult male circumcision

Aspirin and B blocker for ichaemic heart disease*®

Antiretroviral therapy for HIV4

BCG vaccine for tuberculosis prevention*®
Vaccines for tuberculosis, diptheria, 12'%35'93
pertussis, tetanus, polio, and measles*
) i 6.4822.04
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Figure 5: Surgery versus other public health interventions

Datapoints are medians, error bars are range. The diamonds and solid lines are for surgical interventions; circles and dashed lines are other public health interventions.
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Because no global consensus regarding modelling
criteria exists, these studies use very different techniques
and perspectives to assess costs and health effects. Some
studies used actual cost data whereas others modelled
costs on the basis of resource use assumptions. Not all
studies published the breakdown of their costs and, as
such, we were unable to do adjustments besides currency
conversion to improve comparability. Although some
studies use WHO-CHOICE®* or other guidelines to
establish costs, others have non-standardised inclusion
of fixed versus variable costs, provider-level versus
patient-level costs, and human labour costs. The studies
that did not include fixed costs™"*** or provider fees"*
have not incorporated important cost inputs into their
estimates (appendix). Measurement of the efficacy and
consequences of surgical intervention is not standardised,
although most investigators used techniques to estimate
surgical efficacy and most also used similar DALY
calculation methods using Global Burden of Disease
data. Variation in data quality affects the medians
reported and compared with non-surgical global health
interventions. However, because we reported median
values, we feel that we have diminished the effect of
outliers with misrepresentative costs.

Studies included here were of specific interventions in
specific countries, and important differences exist in costs
and effectiveness across countries. Direct comparison of
costs and effectiveness across studies is difficult, although
we feel we have adequately standardised the reported
costs by adjusting for inflation.

Inherent bias exists in the included studies because
investigators might tend to argue for the cost-
effectiveness of surgery, thereby introducing a publication
bias for positive studies. Moreover, the range of
interventions studied included a greater proportion of
low-tech, high-yield procedures (eg, cataract operations
and circumcision). There might be some surgical
interventions that have not yet been assessed in low-
income and middle-income settings because their
infrastructure demands or human-resource requirements
are, correctly or incorrectly, deemed to be a barrier to
efficient scale-up in the medium term. The interventions
and populations in the studies included here are not
exhaustive and further research would be helpful in
identifying other cost-effective surgical interventions in
other countries.

Findings from the Global Burden of Disease 2010 study
have shown a rise in the prevalence of non-communicable
diseases, which include several surgically treatable
disorders.” Although the MDGs have drawn attention to
key health issues in low-income and middle-income
countries and have been able to generate resources for
and target issues that fall within the MDG framework,
those that are not included in its agenda are being left
behind.* If left unaddressed, these disorders, which
include most surgically treatable disorders, are likely to
comprise more than two-thirds of the global years of life
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lost in 2025.” We therefore feel that the urgent need for
surgery in global health can no longer be ignored.
Additionally, our findings refute the long-held idea that
surgery is not cost-effective; nearly all the studies we
reviewed indicated that surgical intervention can be cost-
effective or very cost-effective on the basis of WHO
criteria and compared with accepted public health
interventions. As the 2015 MDG target date approaches,
the global health community should focus on
contemporary health priorities—surgery should be
included in the post-2015 MDG agenda.

Although these results show cost-effectiveness in a
wide range of settings, many other arguments exist for
investing in surgical capacity in addition to economic
efficiency. Organisational, ethical, and political arguments
can also be made for the inclusion of emergency and
essential surgery as a necessary component of basic
health-care packages. The Universal Declaration of
Human Rights provides for health care as a basic human
right,* and the International Covenant on Economic,
Social, and Cultural Rights aims for the “highest
attainable standard of physical health”.”* The provision of
emergency and essential surgical interventions should be
regarded as an essential human right to ensure equitable
distribution of health care around the world.” Equitable
access cannot be achieved in settings where patients are
forced to incur catastrophic out-of-pocket payments for
surgical services. Cost-effectiveness analysis could
therefore be an important measure for policy makers to
consider when deciding how to fund the delivery of
surgical care.

Surgery in low-income and middle-income countries
faces implementation challenges. Compared with
vaccination or antiretroviral treatment, surgery needs
more infrastructure—eg, clean operating rooms,
anaesthesia, electrical power for monitoring equipment,
and ancillary laboratory services. Although most of the
cost-effectiveness analyses we reviewed did appropriately
attempt to include the cost of such infrastructure, the
initial infrastructure investment and the recurring cost
of its maintenance might be a financial obstacle to
implementation, especially when compared with less
complex public health interventions. These additional
costs of implementing surgical programmes should be
considered when comparing CERs between surgical
interventions and public health interventions.

At the same time, although surgery provision can often
be categorised as a disease-specific (ie, vertical) model of
health-care delivery, it also provides opportunities to
strengthen long-term, infrastructure-related investments
(ie, horizontal health-care delivery). So-called diagonal
development is when vertical inputs ultimately increase
overall access to and capacity for health systems. Some of
the most notable successes in global health (including
vaccination and HIV treatment) have been examples of
vertical strategies that became diagonal over time. In
surgery, the missions approach to cleft lip and palate
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repair is such an example, wherein cleft lip mission trips
can strengthen health systems through the development
of surgical infrastructure, training of local workforce, and
provision of financial sustainability.*®

The shortage of health-care providers in resource-poor
countries is also well documented as a crucial constraint
on the scale-up of surgical care®™® and is not typically
incorporated in cost-effectiveness analyses. The restricted
number of health-care providers, their training cost, and
the cost of their labour will limit the number of
interventions that are possible in a low-resource setting in
the medium-term. Efforts to expand access to surgical
interventions should therefore be tailored to the context of
every country or institution. To help overcome these
human resource limitations, task-shifting to non-
physicians for some procedures such as caesarean delivery,
trauma-related procedures, and emergency disorders has
been shown to be feasible, cost-reducing, and well received
by physicians in some settings.” Additional efforts are
needed to assess barriers to implementation of task
shifting and to support this approach where appropriate.

The high cost, infrastructure demands, and complexity
of implementing surgery compared with other public
health interventions are challenges, but they are not
insurmountable. Our systematic review shows the high
value of some surgical interventions in low-income and
middle-income settings. Thus, cost-effectiveness should
not be perceived as a barrier to expansion of surgery in
these settings. These challenges can be addressed
beginning with an emphasis on simple, high-impact
surgical procedures of the sort documented in the studies
we reviewed. Mock and colleagues proposed three levels
of priority for surgical disorders as a road map for surgical
scale-up." The top priority disorders are those that have a
large public health burden, for which there is a surgical
procedure that is highly effective, and for which the
surgical procedure (and related ancillary services and
treatments) is cost effective and feasible to promote
globally. Some disorders included in this category are
trauma-related disorders, obstetric emergencies, hernia
repairs, exploratory laparotomy for acute abdomen, and
male circumcision. The data presented here suggest that
cataract surgery would also be classified as a
priority 1 disorder in areas with a high burden of this
disease. Priority 2 disorders have a moderate public
health burden, or are those for which there is a surgical
procedure that is moderately successful or moderately
cost-effective and feasible to promote globally. Mock and
colleagues classify evacuation of intracranial haematoma,
obstetric fistula repair, thyroid surgery, and mastectomy
as potential examples in this category. Priority 3 surgical
disorders have a low public health burden, or are those
for which there is a surgical procedure that is neither
highly nor moderately successful at treating the disorder,
or is low in cost-effectiveness and feasibility to promote
globally. These disorders might include prosthetic
vascular grafts, parathyroid surgery, transplantation, and

resections for pancreatic and lung cancers.

Use of this guide to scale up these types of surgical
interventions, with appropriate consideration of the
setting, can help to develop the necessary workforce,
experience, and infrastructure and to motivate stake-
holders for continued expansion to more complex
surgery. Our findings show that several such surgical
interventions would be priority 1 interventions. As the
surgical workforce grows and the benefits of surgical
intervention becomes more widely known as a
component of basic health care, unit cost will decrease
further with greater economies of scale and scope, and
financing mechanisms can be established to enable
broader access. Such improvement in economic, social,
and human capital might help to mitigate shortcomings
in infrastructure, allowing institutions to build surgical
capacity and provide a selection of priority 2 and 3
interventions that are less cost-effective but valued for
other reasons.

Our findings draw attention to the heterogeneity of
design in cost-effectiveness studies of surgical inter-
ventions, and show the need to standardise such research.
Future studies should make every effort to adhere to
existing WHO-CHOICE guidelines as well as Drummond
checklists to provide comprehensive, consistent data for
comparison.”” Such standardisation will be especially
helpful going forward, as new DALY values in
the 2010 Global Burden of Disease study becomes the
new standard unit of measurement in future cost-
effectiveness analyses.”

Nonetheless, despite methodological heterogeneity,
nearly all studies still showed the same result: surgical
interventions are cost effective or very cost effective. The
data from these studies lend support to the conclusion
that a subset of surgical interventions compares very
favourably to accepted health interventions in low-
income and middle-income settings.

As the global burden of non-communicable diseases
has increased, global surgery has begun to receive
attention.” While the perception of surgery as an
expensive intervention has been a barrier to its
widespread acceptance in global health in the past,
available data indicate that investment in surgical care
delivery is worthwhile from an economic perspective.
Although surgery requires more specialised human
resources and infrastructure than many traditional
public health interventions, when these challenges are
met, surgery can produce health benefits with similar
cost-effectiveness ratios. Findings from this study show
that many surgical interventions are cost-effective to
very cost-effective in resource-poor countries. When
viewed in the context of a more holistic approach to
health-system strengthening, surgery can play a pivotal
part in population-based health-care delivery, and its
ability to prevent long-term disability in a cost-effective
manner shows its value in the expanding global health
movement.

www.thelancet.com/lancetgh Vol 2 June 2014



Articles

Contributors

TEC and LH did the literature review. TEC, KS, MM, and TGW designed
the study. TEC, KS, and MM abstracted study information and additional
data. TEC and KS assessed study quality using the Drummond 10-point
checklist. TEC, KS, MM, and LH wrote the paper. All authors did
iterative until consensus was reached about key messages.

Declaration of interests
All authors declare no competing interests.

Acknowledgments

Research support was provided to TEC by Massachusetts General
Hospital Department of Surgery, to TEC, KS, MM, LH, amd JGM by
Boston Children’s Hospital, and to TGW by Stanford University
Department of Surgery. This study forms part of the work for the
forthcoming Lancet Commission on Surgery.

References

1 WHO. Millennium development goals. http://www.who.int/topics/
millennium_development_goals/en/ (accessed Feb 1, 2013).

2 Farmer PE, Kim JY. Surgery and global health: a view from beyond
the OR. World ] Surg 2008; 32: 533-36.

3 Lim SS, Vos T, Flaxman AD, et al. A comparative risk assessment
of burden of disease and injury attributable to 67 risk factors and
risk factor clusters in 21 regions, 1990-2010: a systematic analysis
for the Global Burden of Disease Study 2010. Lancet 2012;

380: 2224-60.

4 Debas HT, et al. Surgery, in Disease Control Priorities in Developing
Countries, D.T. Jamison, et al., Editors. 2006: Washington (DC).

S Groen RS, Samai M, Stewart KA, et al. Untreated surgical
conditions in Sierra Leone: a cluster randomised, cross-sectional,
countrywide survey. Lancet 2012; 380: 1082-87.

6  Bickler SW, Rode H. Surgical services for children in developing
countries. Bull World Health Organ 2002; 80: 829-35.

7 Lozano R, Naghavi M, Foreman K, et al. Global and regional
mortality from 235 causes of death for 20 age groups
in 1990 and 2010: a systematic analysis for the Global Burden of
Disease Study 2010. Lancet 2012; 380: 2095-128.

8  Groot Koerkamp B, Wang YC, Hunink MG. Cost-effectiveness
analysis for surgeons. Surgery 2009; 145: 616-22.

9  Tollefson TT, Larrabee WF Jr. Global surgical initiatives to reduce
the surgical burden of disease. JAMA 2012; 307: 667—68.

10 Drummond MF. Methods for the economic evaluation of health
care programmes 3rd edn. Oxford medical publications. Oxford;
New York: Oxford University Press, 2005.

11 Mock C, Cherian M, Juillard C, et al. Developing priorities for
addressing surgical conditions globally: furthering the link between
surgery and public health policy. World J Surg 2010; 34: 381-85.

12 Chen AT, Pedtke A, Kobs JK, Edwards GS Jr, Coughlin RR,
Gosselin RA. Volunteer orthopedic surgical trips in Nicaragua:

a cost-effectiveness evaluation. World J Surg 2012; 36: 2802-08.

13 Moon W, Perry H, Baek RM. Is international volunteer surgery for
cleft lip and cleft palate a cost-effective and justifiable intervention?
A case study from East Asia. World ] Surg 2012; 36: 2819-30.

14  Gosselin RA, Gialamas G, Atkin DM. Comparing the cost-
effectiveness of short orthopedic missions in elective and relief
situations in developing countries. World J Surg 2011; 35: 951-55.

15 Gosselin RA, Heitto M. Cost-effectiveness of a district trauma
hospital in Battambang, Cambodia. World | Surg 2008; 32: 2450-53.

16  Gosselin RA, Maldonado A, Elder G. Comparative cost-effectiveness
analysis of two MSF surgical trauma centers. World J Surg 2010;
34: 415-19.

17 Gosselin RA, Thind A, Bellardinelli A. Cost/DALY averted in a
small hospital in Sierra Leone: what is the relative contribution of
different services? World ] Surg 2006; 30: 505-11.

18 McCord C, Chowdhury Q. A cost effective small hospital in
Bangladesh: what it can mean for emergency obstetric care.

Int ] Gynaecol Obstet 2003; 81: 83-92.

19  Alkire B, Hughes CD, Nash K, Vincent JR, Meara ]G. Potential
economic benefit of cleft lip and palate repair in sub-Saharan
Africa. World J Surg 2011; 35: 1194-201.

20 Alkire BC, Vincent JR, Burns CT, Metzler IS, Farmer PE, Meara |G.
Obstructed labor and caesarean delivery: the cost and benefit of
surgical intervention. PLoS One 2012; 7: €34595.

www.thelancet.com/lancetgh Vol 2 June 2014

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

41

42

43

45

Baltussen R, Smith A. Cost effectiveness of strategies to combat
vision and hearing loss in sub-Saharan Africa and South East Asia:
mathematical modelling study. BMJ 2012; 344: e615.

Baltussen R, Sylla M, Mariotti SP. Cost-effectiveness analysis of
cataract surgery: a global and regional analysis.

Bull World Health Organ 2004; 82: 338-45.

Baltussen RM, Sylla M, Frick KD, Mariotti SP. Cost-effectiveness of
trachoma control in seven world regions.

Ophthalmic Epidemiol 2005; 12: 91-101.

Corlew DS. Estimation of impact of surgical disease through
economic modeling of cleft lip and palate care. World ] Surg 2010;
34: 391-96.

Lansingh VC, Carter MJ, Martens M. Global cost-effectiveness of
cataract surgery. Ophthalmology 2007; 114: 1670-78.

Loomes G, McKenzie L. The use of QALYs in health care decision
making. Soc Sci Med 1989; 28: 299-308.

Gold MR, Stevenson D, Fryback DG. HALYS and QALYS and
DALYS, Oh My: similarities and differences in summary
measures of population Health. Annu Rev Public Health 2002;
23:115-34.

Moher D, Liberati A, Tetzlaff ], Altman DG, and the PRISMA
Group. Preferred reporting items for systematic reviews and
meta-analyses: the PRISMA statement. Int | Surg 2010; 8: 336—41.
Murray CJ. Quantifying the burden of disease: the technical basis
for disability-adjusted life years. Bull World Health Organ 1994;

72: 429-45.

Anand S, Hanson K. Disability-adjusted life years: a critical review.
J Health Econ 1997; 16: 685-702.

Bickler S, Ozgediz D, Gosselin R, et al. Key concepts for estimating
the burden of surgical conditions and the unmet need for surgical
care. World | Surg 2010; 34: 374-80.

Murray CJL, Vos T, Lozano R, et al. Disability-adjusted life years
(DALYs) for 291 diseases and injuries in 21 regions, 1990-2010: a
systematic analysis for the Global Burden of Disease Study 2010.
Lancet 2012; 380: 2197-223.

The World Bank. Country Classifications: Country and Lending
Groups. 2012; Available from: http://data.worldbank.org/about/
country-classifications/country-and-lending-groups.

Grimes CE, Henry JA, Maraka ], Mkandawire NC, Cotton M.
Cost-effectiveness of surgery in low- and middle-income countries:
a systematic review. World ] Surg 2014; 38: 252-63.

United States Department of Labor. CPI Inflation Calculator.

2013 November 25. Available from: http://www.bls.gov/data/
inflation_calculator.htm.

Jha P, Bangoura O, Ranson K. The cost-effectiveness of forty health
interventions in Guinea. Health Policy Plan 1998; 13: 249-62.
Shillcutt SD, Clarke MG, Kingsnorth AN. Cost-effectiveness of
groin hernia surgery in the Western Region of Ghana.

Arch Surg 2010; 145: 954-61.

Warf BC, Alkire BC, Bhai S, et al. Costs and benefits of
neurosurgical intervention for infant hydrocephalus in sub-Saharan
Africa. ] Neurosurg Pediatr 2011; 8: 509-21.

Shillcutt SD, Sanders DL, Teresa Butrén-Vila M, Kingsnorth AN.
Cost-effectiveness of inguinal hernia surgery in northwestern
Ecuador. World J Surg 2013; 37: 32-41.

Evans TG, Ranson MK, Kyaw TA, Ko CK. Cost effectiveness and
cost utility of preventing trachomatous visual impairment: lessons
from 30 years of trachoma control in Burma. Br | Ophthalmol 1996;
80: 880-89.

Marseille E. Cost-effectiveness of cataract surgery in a public health
eye care programme in Nepal. Bull World Health Organ 1996;

74: 319-24.

Wittenborn S, Rein DB. Cost-effectiveness of glaucoma
interventions in Barbados and Ghana. Optom Vis Sci 2011;

88: 155-63.

Magee WP Jr, Vander Burg R, Hatcher KW. Cleft lip and palate as a
cost-effective health care treatment in the developing world.
World ] Surg 2010; 34: 420-27.

Kahn JG, Marseille E, Auvert B. Cost-effectiveness of male
circumcision for HIV prevention in a South African setting.

PLoS Med 2006; 3: €517,

Fieno JV. Costing adult male circumcision in high HIV prevalence,
low circumcision rate countries. AIDS Care 2008; 20: 515-20.

e344



Articles

e345

47

49

50

51

52

53

54

55

56

Binagwaho A, Pegurri E, Muita |, Bertozzi S. Male circumcision at
different ages in Rwanda: a cost-effectiveness study. PLoS Med 2010;
7:€1000211.

Uthman OA, Popoola TA, Yahaya I, Uthman MM, Aremu O.

The cost-utility analysis of adult male circumcision for prevention
of heterosexual acquisition of HIV in men in sub-Saharan Africa:

a probabilistic decision model. Value Health 2011; 14: 70-79.
Laxminarayan R, Chow J, Shahid-Salles SA. Intervention
Cost-Effectiveness: Overview of Main Messages, in Disease Control
Priorities in Developing Countries, D.T. Jamison, et al., Editors.
2006: Washington (DC).

World Health Organization. Investing in Health Research and
Development: report of the ad hoc committee in health research
relating to future intervention options. 1996. Available from http://
www.who.int/tdr/publications/tdr-research-publications /investing-
in-health/en.

World Health Organization. Cost effectiveness thresholds.

2013 November 27, Available from http://www.who.int/choice/
costs/CER_thresholds/en.

The World Bank. GDP Per Capita. 1 April 2013. http://data.
worldbank.org/indicator/NY.GDP.PCAP.CD.

World Health Organization. CHOosing Interventions that are Cost
Effective (WHO-CHOICE) Table: Threshold values for intervention
cost-effectiveness by Region. February 26, 2013. Available from:
http:/ /www.who.int/choice/costs/CER_levels/en/index.html.
Tan-Torres Edejer T, Baltussen R, Adam T, et al. Making choices in
health: WHO guide to cost-effectiveness analysis. Geneva: World
Health Organization, 2003.

Greenberg SLM, Maine RG, Gillies R, Hagander LE, Meara JG.
Surgery: A post-2015 Millennium Development Goal priority.

The World We Want 2015. 2013 January. http://www.
worldwewant2015.org/node/298620.

The World Health Organization and Office of the United Nations
Commissioner for Human Rights. The right to health, Fact Sheet No.
31 (July 1, 2008). Available at http://www.ohchr.org/Documents/
Publications/Factsheet31.pdf

International Covenant on Economic, Social and Cultural Rights
(ICESCR), G.A. Res. 2200A (XXI), Art. 12.1. (1966). http://www.
ohchr.org/EN/ProfessionalInterest/Pages/CESCR.aspx (accessed
May 6, 2014).

57

58

59

60

61

62

63

64

65

66

67

68

69

McQueen KA, Ozgediz D, Riviello R, et al. Essential surgery:
Integral to the right to health. Health Hum Rights 2010; 12: 137-52.
Patel PB, Hoyler M, Maine R, Hughes CD, Hagander L, Meara JG.
An opportunity for diagonal development in global surgery: cleft lip
and palate care in resource-limited settings. Plast Surg Int 2012;
2012: 892437; published online Dec 20, 2012.

Chao TE, Burdic M, Ganjawalla K, et al. Survey of surgery and
anesthesia infrastructure in Ethiopia. World J Surg 2012;

36: 2545-53.

Notrica MR, Evans FM, Knowlton LM, Kelly McQueen KA.
Rwandan surgical and anesthesia infrastructure: a survey of district
hospitals. World J Surg 2011; 35: 1770-80.

Groen RS, Kamara TB, Dixon-Cole R, Kwon S, Kingham TP,
Kushner AL. A tool and index to assess surgical capacity in low
income countries: an initial implementation in Sierra Leone.
World J Surg 2012; 36: 1970-77.

Osen H, Chang D, Choo S, et al. Validation of the World Health
Organization tool for situational analysis to assess emergency and
essential surgical care at district hospitals in Ghana.

World ] Surg 2011; 35: 500-04.

Cumbi A, Pereira C, Malalane R, et al. Major surgery delegation to
mid-level health practitioners in Mozambique: health professionals
perceptions. Hum Resour Health 2007; 5: 27.

Pereira C, Bugalho A, Bergstrém S, Vaz F, Cotiro M. A comparative
study of caesarean deliveries by assistant medical officers and
obstetricians in Mozambique. Br J Obstet Gynaecol 1996;

103: 508-12.

Mullan F, Frehywot S. Non-physician clinicians in 47 sub-Saharan
African countries. Lancet 2007; 370: 2158-63.

Vaz F, Bergstrom S, Vaz ML, Langa J, Bugalho A. Training medical
assistants for surgery. Bull World Health Organ 1999; 77: 688-91.
Mkandawire N, Ngulube C, Lavy C. Orthopaedic clinical officer
program in Malawi: a model for providing orthopaedic care.

Clin Orthop Relat Res 2008; 466: 2385-91.

DeVries C, Price R. Global Surgery and Public Health: A New
Paradigm. Sudbury: Jones & Bartlett Publishers, 2010.

Meara ]G, Hagander L, Leather AJ. Surgery and global health:

a Lancet Commission. Lancet 2014; 383: 12-13.

www.thelancet.com/lancetgh Vol 2 June 2014



	Cost-effectiveness of surgery and its policy implications for global health: a systematic review and analysis
	Introduction
	Methods
	Search strategy and selection criteria
	Quality assessment and data extraction
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


