ORIGINAL ARTICLE

Addressing the Millennium Development Goals

From a Surgical Perspective

Essential Surgery and Anesthesia in 8 Low- and Middle-Income Countries
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Hypothesis: Surgical and anesthetic care is increas-
ingly recognized as a neglected but cost-effective com-
ponent of primary health care in low- and middle-
income countries (LMICs). Strengthening delivery can
help achieve Millennium Development Goals 4, 5, and
6. Large gaps in access to essential surgical care in LMICs
result in considerable morbidity and mortality. The goal
of this study was to provide a baseline overview of es-
sential surgical and anesthetic capacity at district-level
health facilities in multiple LMICs.

Design: Survey.
Setting: District-level health facilities in multiple LMICs

Main Outcome Measvures: A standardized World
Health Organization tool was used at selected district-
level hospitals to assess infrastructure, supplies, and pro-
cedures relating to essential surgical and anesthetic ca-
pacity. The analysis included facilities from countries that
assessed more than 5 health facilities. All data were
aggregated and blinded to avoid intercountry compari-
sons.

Results: Data from 132 facilities were analyzed from 8
countries: Democratic Socialist Republic of Sri Lanka
(n=32), Mongolia (n=31), United Republic of Tanza-
nia (n=25), Islamic State of Afghanistan (n=13), Repub-
lic of Sierra Leone (n=11), Republic of Liberia (n=9),
Republic of The Gambia (n=6), and Democratic Repub-
lic of Sao Tomé and Principe (n=>5). Universally, facili-
ties demonstrated shortfalls in basic infrastructure (wa-
ter, electricity, oxygen) and functioning anesthesia
machines. Although 73% of facilities reported perform-
ing incision and drainage of abscesses, only 48% were
capable of undertaking an appendectomy. In line with
Millennium Development Goals 4, 5, and 6, only 32%
of facilities performed congenital hernia repairs, 44% of
facilities performed cesarean sections, and few facilities
always had goggles and aprons to protect surgical health
care workers from human immunodeficiency virus.

Conclusion: Enormous shortfalls in infrastructure, sup-
plies, and procedures undertaken are common at district-
level health facilities in LMICs.
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ESPITE GROWING EVI-

dence suggesting that sur-

gical care represents a

cost-effective component

of primary health care,'*
anyone who has ever worked in a low- and
middle-income country (LMIC) health sys-
tem knows that surgery and anesthesia have
frequently been neglected.”'® While much
attention has focused on attaining the
Millennium Development Goals (MDGs),
there has been little mention of how
strengthening basic surgical care might help
to achieve the targets, especially for MDGs
4 (reduction of child mortality), 5 (im-
provement of maternal health), and 6 (the
combat of human immunodeficiency vi-
rus [HIV]/AIDS). Recently, however, the
editors of PLoS Medicine characterized how
surgery could play a crucial role in obtain-
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In September 2007, at the second
meeting of the World Health Organiza-
tion (WHO) Global Initiative for Emer-
gency and Essential Surgical Care
(GIEESC), participants discussed strate-
gies by which the delivery of essential
surgical and anesthetic services could be
strengthened in LMICs. Research priori-
ties included defining the epidemiology
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of surgical diseases, identifying gaps in
access to care, and characterizing defi-
ciencies in the capacity to deliver safe
surgery and anesthesia, including infra-
structure, personnel, and resources, and
need to evaluate the quality of interven-
tions."?
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Previously, mostly single-institution or single-
country reports on surgical needs in LMICs have been
published,” %2 with Mock et al*! documenting an over-
view of 4 countries including 49 small and large hospi-
tals. However, recently, Kingham et al** documented the
surgical capacity of Sierra Leone using the WHO survey
tool. The goal of the current study was merely to pro-
vide a baseline snapshot of infrastructure, supplies, and
procedures relating to essential surgical and anesthetic
capacity at multiple resource-limited health (district-
level) facilities in various LMICs; more in-depth stud-
ies, such as the Kingham et al article, are currently being
prepared.

DR METHODS R

DEVELOPMENT OF THE TOOL
TO ASSESS EMERGENCY
AND ESSENTIAL SURGICAL CARE

The standardized WHO Tool for Situational Analysis to
Assess Emergency and Essential Surgical Care was devel-
oped by the GIEESC research group. Questions were ini-
tially solicited from various Ministries of Health (MOHs),
WHO departments, country and regional WHO offices, and
health providers from the field representing all 6 WHO
regions: Africa, Americas, Eastern Mediterranean, Europe,
South East Asia, and Western Pacific. A draft survey was
pilot tested in 8 facilities in Gambia and Tanzania. Based on
the results, additional questions on various procedures,
including basic suturing, hydrocele repair, male circumci-
sion, and tubal ligation, were included. Additionally, type of
facility was noted in addition to catchment area and number
of beds. In November 2007, the GIEESC research group
assembled in Geneva, Switzerland, and agreed on a final
assessment tool to document infrastructure, personnel, pro-
cedures undertaken or referred, supplies, and equipment.
The final survey tool includes 256 data points for each facil-
ity. Answers to survey questions on infrastructure are
recorded as 1, always available; 2, sometimes available; or 3,
not available. Procedures are recorded as either undertaken
at the facility or referred. The equipment and supply list is
based on the WHO Integrated Management for Emergency
and Essential Surgical Care (IMEESC) toolkit generic Essen-
tial Emergency Equipment List.®

ADMINISTRATION OF THE TOOL
TO ASSESS EMERGENCY
AND ESSENTIAL SURGICAL CARE

The survey tool was introduced in 30 countries to key health
providers and policy makers through joint WHO-MOH
workshops and country and regional meetings on emergency
and essential surgical care in collaboration with GIEESC
members (Table 1). Instructions on the tool provided assis-
tance with identification of district-level health facilities,
which were defined as locations where emergency, surgical,
and anesthesia interventions are or should be performed.
Preference was suggested for a district hospital outside
of major population centers; however, identification
of health facilities for distribution of the survey was left to
the discretion of the representatives of the MOH, WHO
country offices, and/or GIEESC focal persons in the indi-
vidual countries. As such, no formal sampling methods were
used.

Table 1. Countries Where World Health Organization
Integrated Management for Emergency and Essential
Surgical Care Toolkit Has Been Introduced

Country

Afghanistan
Barbados
China

Cote d’lvoire
Demaocratic Republic of Korea
Dominica
Ethiopia
Gambia
Ghana
Grenada
Guyana
India

Kenya
Kyrgyzstan
Malawi
Maldives
Mongolia
Mozambique
Nepal

Oman
Pakistan
Philippines
Sierra Leone
Sri Lanka
Tajikistan
Uganda
United Republic of Tanzania
Vietnam
Zambia
Liberia

Administering the survey tool entailed site visits either by
WHO or MOH staff or GIEESC focal persons to each
district-level facility and included on-site inspections of the
operating room, admission or emergency departments/
wards, and supply rooms and interviews lasting from 1 to 3
hours with key clinical and administrative personnel. Some
of the data were collected in individual countries by distrib-
uting the survey tool to local hospital staff. All data were col-
lected between February and October 2008. The data were
then entered into the WHO DataCol database for analysis by
the GIEESC research group.

ANALYSIS

Countries that met inclusion criteria for this study provided
data on more than 5 facilities and included district, rural, com-
munity, provincial, or general hospitals or major health cen-
ters with a minor or major operating room and 5 or more beds.

The survey tool was administered individually by repre-
sentatives in each country and the results were shared with
the MOH. All data contained in this article have been
reviewed and acknowledged by the WHO country offices
and the local MOH. For comparative purposes and to pre-
vent intercountry comparisons, the results were grouped for
aggregate analysis.

Major infrastructure items, such as oxygen, water, electric-
ity, and functioning anesthesia machines, were recorded as al-
ways available, sometimes available, or not available. Surgical
procedures undertaken and supplies were grouped according
to the health-related targets for MDGs 4 (children), 5 (mater-
nal health), and 6 (combating HIV/AIDS).
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Table 2. Characteristics of 8 Countries Included in Analysis and the United States?

2000 Mortality

Rate in Children

2007 2005 Per 2000 Maternal Younger Than 5 No. of
Population, Capita Health Mortality Rate Per Years Per 1000 Facilities

Country Millions 2007 GNI, $ Expenditures, § 100000 Live Births Live Births Analyzed
Sri Lanka 19.2 1540 51 92 20 32
Mongolia 2.6 1290 15 110 46 31
Tanzania 39.5 400 17 1500 69 23
Afghanistan 26.1 Estimated <935 20 1900 96 13
Sierra Leone 57 260 8 2000 90 11
Liberia 3.6 150 10 760 104 9
Gambia 1.7 320 15 540 79 6
Sao Tomé and Principe 0.15 870 49 61 NA 5
United States 302 44070 6714 17 7

Abbreviations: GNI, gross nation income; NA, not available.

aAll values in US dollars at average exchange rates. Health expenditures are total, including private and public. Sources: www.who.int/countries/en/ and www

.worldbank.org/data/databytopic/GNIPC.pdf.

Table 3. Overview of Major Infrastructure Availability for
132 Facilities

No. (%)

[ 1
Always Sometimes Never

Available Available Available
Oxygen 28 (21) 44 (33) 60 (46)
Water 67 (50) 35 (27) 30 (23)
Electricity 48 (36) 69 (53) 15 (11)
Anesthesia machine 42 (32) 31 (23) 59 (45)

Since December 2005, the IMEESC toolkit has been
introduced into 30 countries (Table 1); of these, 18
(60%) responded to a January 2008 request to com-
plete the assessment tool for their health facilities.
Data from 160 facilities were forwarded to WHO,
Geneva, for entry in the WHO DataCol database.
Twenty-one facilities from 10 countries were excluded
because countries failed to submit data on more than 5
facilities. Eight countries met inclusion criteria by pro-
viding data on 5 or more facilities. These countries in-
cluded the Democratic Socialist Republic of Sri Lanka
(n=37), Mongolia (n=31), United Republic of Tanza-
nia (n=27), the Islamic State of Afghanistan (n=13),
Republic of Sierra Leone (n=11), Republic of Liberia
(n=9), Republic of The Gambia (n=6), and Democratic
Republic of Sao Tomé and Principe (n=5). Of these 139
facilities, 7 (5 from Sri Lanka and 2 from Tanzania)
were subsequently excluded from analysis because they
assessed facilities with no reported beds. Final analysis
was conducted on 132 facilities (Table 2).

The majority of health facilities included in this
study had between 50 and 100 beds and 1 or 2 func-
tioning operating rooms. On average, they served a
population of 100000, except for Mongolia, where the
population density is very low and health facilities are
separated by great distances. In Sri Lanka, assessed

facilities were limited to the regions involved in the
ongoing conflict and included the North-Central,
North, and East provinces. Sierra Leone included 10
government facilities and 1 nongovernmental organi-
zation hospital and covered 80% of the population.
Tanzania’s assessed facilities from 14 regions included
district hospitals in the eastern and central areas of the
country, and in Afghanistan, the mix was of govern-
ment facilities from throughout the country. The
Gambia included all health facilities outside of the
capital, Banjul. Sdo Tomé and Principe included all
major health facilities, and Liberia included 50% of its
government facilities.

The total population of the 8 countries in this study
is 98.5 million (Table 2). Based on the most recent cri-
teria determined by the World Bank,* these are 6 low-
income countries with annual per capita gross national
incomes of less than $935 (Afghanistan, Gambia, Libe-
ria, Sao Tomé and Principe, Sierra Leone, and Tanza-
nia) and 2 low- to middle-income countries (Mongolia
and Sri Lanka). Per capita annual total health expendi-
tures for these countries are well below $100 (Table 2).

OVERALL

Data are shown for infrastructure that is always avail-
able, sometimes available, or never available in Table 3.
Table 4 consists of surgical conditions, injuries, ma-
ternal health, and HIV preventive procedures and equip-
ment and the percentages reflect the aggregate total for
all facilities where services or items were “always avail-

able.”
INFRASTRUCTURE

No country had 100% of facilities reporting continuous
supply of uninterrupted water, electricity, and oxygen,
and most reported less than 50% availability or supply;
the overall averages were 50%, 36%, and 21%, respec-
tively. In 2 countries, none of the facilities surveyed had
an uninterrupted supply of oxygen. For 3 countries, a
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functional anesthesia machine was present in only 3%,
11%, and 19% of facilities, respectively, with an overall
rate of 33% (Table 3).

SURGICAL CONDITIONS AND INJURIES

For basic surgical conditions, most facilities (73%)
reported undertaking simple incision and drainage of
abscesses and suturing of wounds (80%); however, for
procedures of modest complexity, such as appendecto-
mies, hernia repairs, and laparotomies, individual-
country reports ranged from 6% to 92%

Except for the management of acute burns (73%), all
facilities reported rates of less than 50% for life-saving
and disability-preventive emergency surgical proce-
dures, such as cricothyroidotomy, chest tube insertion,
management of open fractures, and amputations.

CHILDREN, MATERNAL HEALTH, AND HIV

Only 32% of facilities reported being able to perform con-
genital hernia repairs on a regular basis; however, 1
country reported that this was available at 76% of facili-
ties. Clubfoot repair was reportedly undertaken at only
13% of facilities.

For MDG 5 (maternal health), only 44% of facilities
were able to offer cesarean sections and other emer-
gency (dilatation and curettage) and elective (tubal li-
gation) procedures were available only 48% and 39% of
the time, respectively.

For MDG 6 (preventing the spread of HIV/AIDS), while
male circumcision is reportedly performed in 100% of
the surveyed facilities in 3 countries, the overall rate was
only 48%. Two countries reported that none of the fa-
cilities had any eye protection for operating room staff,
with an overall rate of 18%. The provision of sterile gloves
was only “always available” in 1 country and available
less than 50% of the time in 2 other countries. The over-
all average was 52%.

- EETTETEES

Recognizing that the world’s burden of surgical dis-
ease is considerable and largely neglected, in 2004
WHO established the Emergency and Essential Surgi-
cal Care Project (Department of Essential Health
Technologies) and developed an IMEESC toolkit.?
The project was designed to integrate life-saving and
disability-preventing emergency, surgery, and anesthe-
sia services as a component of primary health care
toward achieving MDGs. The WHO launched the
GIEESC in 2005, a partnership of international organi-
zations, institutions, civil and professional societies,
nongovernmental organizations, and individuals rep-
resenting various disciplines, including surgery, ortho-
pedics, anesthesia, emergency medicine, and obstet-
rics; directors of nursing; paramedics and technicians
in training; and individuals in medical education and
health economics.?*

The goal of this study was to provide a baseline
snapshot of infrastructure, supplies, and procedures

Table 4. Overview of MDG-Related Procedures
Always Performed and Supplies Always Available for
132 Facilities

No. (%)
Surgical conditions
Incision and drainage of abscess 96 (73)
Suturing 105 (80)
Biopsy 53 (40)
Management of osteomyelitis 57 (43)
Appendectomy 63 (48)
Hernia repair 62 (47)
Laparotomy 54 (41)
Injuries
Cricothyroidotomy 48 (36)
Chest tube insertion 55 (42)
Management of open fracture 44 (33)
Amputation 51 (39)
Management of burns 96 (73)
Child health
Congenital hernia repair 42 (32)

Clubfoot repair
Maternal health

Cesarean section 58 (44)
Dilatation and curettage 63 (48)
Tubal ligation 51 (39)
HIV preventive procedures and equipment
Male circumcision 63 (48)
Gloves 68 (52)
Eye protection 24 (18)
Apron 44 (33)
Sharps container 63 (48)
Sterilizer 62 (47)

Abbreviations: HIV, human immunodeficiency virus; MDG, Millennium
Development Goal.

relating to emergency and essential surgical and anes-
thetic services at numerous resource-limited health
facilities in multiple LMICs. For this article, we
assessed 132 facilities in 8 countries, which may be
the most comprehensive global assessment of surgical
capacity ever undertaken for health facilities in
LMICs. The results clearly demonstrate massive short-
falls in the infrastructure and physical resources
required to provide the most basic surgical care to
save lives and prevent long-term disability. The data
were purposefully combined to avoid any intercountry
comparisons. Individual-country publications are
planned, such as the recent article by Kingham et al*
on Sierra Leone, and will address different data and
also recognize the extensive work of local investigators
at the individual-country level. This article solely pro-
vides an overview of some of the gaps in access to
emergency, surgical, and anesthesia interventions. Our
goal was to highlight the vast deficiencies in resources
overall and not address the needs of individual coun-
tries or locations. In the future, more in-depth results
will be reported.

Weiser et al® recently estimated that only 3.5% of
the estimated 234 million surgical procedures per-
formed worldwide each year are undertaken in coun-
tries with a per capita health expenditure lower than
$100; this suggests enormous gaps in access to surgi-
cal care. Bickler and Spiegel®® recently called for more
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detailed research into baseline deficiencies in order to
improve surgical care. Before we can create appropri-
ate interventions, we must better understand regional
patterns in the burden of surgical diseases, character-
ize the unmet needs for surgical care in these environ-
ments, and set priorities. Identifying such gaps, how-
ever, is just one component of improving surgical
care. We also need to characterize deficiencies in the
capacity to deliver essential surgery and anesthesia
and address the issue of the quality of selected inter-
ventions.

The survey tool developed by WHO together with
GIEESC members was used to assess the surgical
capacity for this study and was applied with the sup-
port of various representatives of MOHs and WHO
country offices. Rather than being exhaustive and
challenging to administer, the survey tool focused on
key elements or standards that should be in place to
deliver essential services. In line with the recent edi-
torial in PLoS Medicine,"" we chose to group proce-
dures and interventions as they relate to the MDGs.
More specific indicators might be useful at the country
level. Even with this constraint, our study highlights
the enormous gaps that must be addressed if we are to
see a reduction in maternal mortality from a lack of
cesarean sections or reductions in morbidity and mor-
tality from road traffic injuries due to basic life-saving
techniques, such as chest tube insertion or manage-
ment of open fractures.”! While growing, though con-
troversial, evidence suggests that the spread of HIV
can be reduced by male circumcision,*! resources
must also be in place to prevent HIV transmission to
health care workers and patients by providing eye pro-
tection, aprons, and sterile gloves.?*3*

The limited number of facilities in the analysis
raises the question of how representative the data are,
particularly since sampling methods were not used.
Including all of the countries’ district health facilities
and using unrestricted sampling approaches would
have required high-level policy decisions and more
resources and were not deemed feasible for this study.
The facilities were selected at the discretion of the
local health personnel, MOH, and WHO country office
representatives and GIEESC members. While we have
been assured that the facilities selected are representa-
tive of district-level facilities in each participating
country, we cannot prove this. Varying-sized facilities
were assessed, some more urban, some more rural;
however, facilities studied for this analysis included at
least 5 beds and an operating room. The decision to
limit the analysis to 5 beds was arbitrary, but given
that most of the surgical procedures at these facilities
are considered essential to prevent mortality and long-
term disability, we feel that all procedures potentially
could be undertaken with appropriate training in skills
and availability of equipment at even these smaller
health care facilities.®

The study was designed to analyze the state of surgi-
cal care at a single point. For major infrastructure, such
as oxygen, water, electricity, and anesthesia machines,
data were characterized as sometimes, always, or not avail-
able. Procedures were documented as either under-

taken or referred. Because the availability of supplies and
equipment frequently changes, we aimed to reduce the
effects of these confounders by only recording items as
either always available or not available. Even so, our find-
ings also only reflect the capacity to deliver services, rather
than the quality of those services. Assuming that facili-
ties can be adequately staffed with health professionals,
the quality of services will need to be assessed and moni-
tored in future studies.

While our results cannot be extrapolated to repre-
sent the global state of surgical care at the district hos-
pital level, and recognizing the limitations stated ear-
lier, the results are compelling in quantifying deficiencies
in the capacity to deliver emergency and essential sur-
gical care at these selected facilities. This highlights the
lack of universal access to basic life-saving essential sur-
gical care and a need for local capacity building through
integration of these services within the primary health
care reforms.

Our findings also suggest not only the need for a
more comprehensive assessment of the capacity to
deliver these services at the district level in LMICs, but
also systems for monitoring capacity, which would
simultaneously strengthen each country’s health infor-
mation system. This might be accomplished, for
example, by expanding the WHO Service Availability
Mapping framework to include the capacity to deliver
surgery and anesthesia.*®

Finally, we urge global leaders, policy makers, and pub-
lic heath professionals to reassess their thoughts on sur-
gical care. Too many people are dying or are left dis-
abled from surgical conditions that are easily treatable
and resources must be devoted to addressing this ne-
glected epidemic. Strengthening the delivery of surgical
and anesthetic services, as a component of the primary
health care in LMICs, will undoubtedly reduce morbid-
ity and mortality and contribute to achieving 3 of the
health-related MDGs and, in addition, contribute to MDG
1 (eradicate poverty and hunger).
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