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Abstract Safe anesthesia is dependent on a skilled cli-

nician, a functioning anesthesia machine, monitoring

equipment, drugs and a healthcare facility with support

services and staff. In high-income regions we expect a

quality service with excellent levels of safety. In low-

income countries, competition for healthcare resources is

significant, and surgery has been neglected as a component

of public health services. Anesthesia is relatively expensive

because of the high cost of imported equipment and drugs,

and underinvestment is common. Small numbers of inad-

equately resourced providers struggle to deliver a service

sometimes associated with alarmingly high mortality rates

(as much as 1,000 times higher than in the best centers).

These factors impact on development of the specialty and

recruitment and training, creating a dangerous situation for

patients. We review published data on anesthesia services

in low-income regions, describe the difficulties, analyze

where improvements should be prioritized and make

recommendations to improve anesthesia safety in poorer

regions of the world.
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Introduction

Safety has been a concern of anesthesiologists since the

early days of the specialty. The first large-scale reviews of

anesthesia outcomes published in the 1940s and 1950s

recognized the risks associated with anesthetizing acutely

ill patients in poor condition, the problems with monitoring

respiration, particularly detecting cyanosis, and the risk of

death due to anesthesia (estimated then to be 1:2,000

anesthetics) [1, 2]. Anesthesia-related deaths, largely rela-

ted to airway obstruction or medication errors, were

deemed avoidable with appropriate training, and anesthe-

siologists were encouraged to investigate and share learn-

ing so that others in the profession could avoid making the

same errors [3]. Over the ensuing decades, anesthesiolo-

gists have been at the forefront of attempts to standardize

care, improve monitoring, develop new drugs and provide

high standards of training and education. The US Institute

of Medicine Report, ‘To err is human,’ singled out anes-

thesiology as an example of good practice because of the

impressive improvements made in patient safety, with the

risk of anesthesia-related mortality said to have been

reduced from 1:10,000 in the early 1980s to 1:200,000 in

the 1990s [4–6].

In contrast, in poorer parts of the world, surgery has

been neglected as a component of public health services,

and improvements in anesthesia safety seen in high- and
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middle-income countries have not been realized. In this

review we will describe the current state of anesthesia care

in low-income countries (LICs), and consider possible

solutions to improve anesthesia provision and outcomes.

Anesthesia-Related Mortality and Development Status

Bainbridge et al. [7••] performed a systematic review and

meta-analysis of studies published up to 2011 that con-

sidered perioperative and anesthetic-related mortality.

Studies were included if they had a sample size[3,000 and

if raw data, including denominator data, were available.

The definition of primary outcomes varied among the dif-

ferent studies, but most reported outcomes within the first

48 h of surgery. Combining studies from all regions of the

world, the risk of dying during surgery with anesthesia as

the sole cause declined significantly over time, from 357

deaths per million operations before the 1970s (approxi-

mately 1:2,800), to 52 per million in the 1970s–1980s

(1:19,230) and 34 per million in the 1990s–2000s

(1:29,400). The reduction in mortality over time was highly

significant (p \ 0.00001). Sicker patients (as expressed by

the ASA score) had a greater risk of perioperative cardiac

arrest or all-cause perioperative mortality. The study also

related anesthesia outcomes to the development status of

countries, reporting them using the UN Human Develop-

ment Index (HDI), an index based on life expectancy, lit-

eracy, enrollment in further education and per-capita

income. When considered separately, the reduction in

anesthesia risk was only seen in high HDI countries

(HDI C 0.8). The risk of death where anesthesia was

identified as a contributory factor also decreased signifi-

cantly over time, but again, only in the high HDI countries.

In low HDI countries (HDI \ 0.8), the risk of mortality

where anesthesia was a contributory factor actually

increased over time. Combining patients of all ASA grades,

the risk of death due to anesthesia as a sole cause in the

1990s–2000s was 1:40,000 in high HDI countries and

1:7,000 in low HDI countries. Publications from Zambia,

Malawi, Zimbabwe and Togo were excluded from the

Bainbridge study because of their small size, but reported

an even greater risk of anesthesia-related mortality,

between 1:133 and 1:1925 [8–13].

Many deaths in the smaller studies were related to

hypoxia or hypovolemia, which the authors suggest could

have been prevented with investment in functioning

healthcare systems, training and equipment [8–13]. A study

of patients undergoing cesarean section from Malawi

described a 1.05 % overall mortality rate, with lack of

anesthesia training also identified as a particular risk factor

[14]. Spinal anesthesia is often considered the technique of

choice for obstetric anesthesia in low-resource areas, as it

is a simple technique to learn and requires a minimum of

equipment [14]. However, the fifth Comprehensive Report

on Confidential Enquiries into Maternal Deaths in South

Africa published in 2012 described a substantial number of

deaths due to spinal anesthesia (73 of the 92 direct anes-

thesia deaths), the majority occurring in level 1 district

hospitals in rural areas, mainly associated with severe

uncorrected hypotension or hypotension/high motor block

[15••]. Important governance issues were identified,

including failure to ensure a supply of essential drugs, lack

of on-going maintenance and replacement of equipment,

and inadequate numbers of competent staff. The authors

concluded that poorly managed spinal anesthesia may be

directly responsible for maternal deaths and should not be

assumed to be safer than general anesthesia in resource

constrained settings.

Poor Access to Surgery

In 2008, Weiser described a major discrepancy in access to

surgery between high, middle and low-income countries

[16••]. The global volume of surgery was estimated from

surgical data and related to per capita expenditure on

healthcare in the WHO member states. The global volume

of surgery was large (estimated 234 million major surgical

procedures per year), but most surgery was performed in

wealthier parts of the world. Countries with low expendi-

ture on healthcare (\$100 per head annually) accounted for

only 3.5 % of surgical procedures, even though they

included 34.8 % of the global population, while countries

with high expenditure on health ([$1,000 per head annual

healthcare expenditure) accounted for 73.6 % of proce-

dures and 30.2 % of the global population.

Poor access to surgery is likely to contribute to high

surgical mortality, particularly for those living in rural

areas, and also contributes to maternal and newborn deaths

[17, 18, 19•, 20, 21••, 22–24]. The ideal cesarean section

rate at a population level has not been clearly defined, but a

lower limit of at least 5 % is thought to be necessary to

protect maternal and newborn outcomes (complications

such as complete placenta previa or obstructed labor occur

in 1–2 % of pregnancies). A recent review of published

rates of cesarean section described rates of less than 5 % in

18 countries in southern Asia and sub-Saharan Africa, with

extremely low levels in some countries (less than 2 % in 10

countries in sub-Saharan Africa) and in poorer populations

(less than 1 % for the poorest 20 % of the population in 12

study countries) [25••]. The low rates of cesarean section

were attributed to infrastructure deficiencies and poor

access to basic surgical services, which the authors sug-

gested contributed to the high maternal and newborn

mortality recorded in these populations [25••].

Curr Anesthesiol Rep (2014) 4:90–99 91

123



In many district/rural hospitals where surgical services

are poorly developed, cesarean section represents the most

common major surgical procedure performed. Two groups

have suggested that the ratio of cesarean section to major

operations is a useful proxy index to describe the provision

of surgical services in a particular country, district or

hospital and can be used to track improvements in these

services; a high ratio of cesarean section to major surgery

describes a large unmet general surgical need [26•, 27•,

28]. Of note, cesarean section accounts for approximately

29 % of total surgery in Ethiopia [24] and 14–63 % of

surgery in district hospitals in Uganda, Mozambique and

Tanzania [17], again illustrating the enormous unmet need

for surgery in these countries. The unmet need is likely to

be particularly high in countries such as Ethiopia where a

cesarean rate of less than 0.6 % has been recorded [24].

From a patient perspective, lack of access to elective and

emergency surgery and limited trauma care translates to

high levels of disability and many unnecessary deaths. The

Surgeons OverSeas Assessment of Surgical Need (SOSAS)

has been developed to assess the prevalence of surgical

conditions and the unmet surgical need in low- and middle-

income countries [21••]. A cluster randomized cross-sec-

tional survey of 1,843 households in Sierra Leone sug-

gested that 25 % of 3,645 respondents interviewed had an

untreated surgical condition and that 25 % of deaths

occurring in the respondent’s household during the previ-

ous year may have been averted by surgery in the week

before death, most commonly to treat abdominal distension

or pain, bleeding or illness during childbirth, or trauma.

Respondents in rural areas were more likely to be in need

of surgery than those in urban areas. The survey tool was

also used in 1,626 households in Rwanda; 6.4 % of

respondents had a current surgical condition, and 33 % of

deaths in the household in the previous year may have been

related to a surgical condition [20].

The World Bank sponsored Disease Control Priorities

publication in 2006 estimated that 11 % of the global

burden of disease is due to conditions that can be treated

surgically [29]. The impact of disease expressed in dis-

ability adjusted life years (DALYs), the sum of years of life

lost due to injury (YLL) and years lived with disability

(YLD), is used as an outcome measure in the recently

updated Global Burden of Disease study [30]. This showed

that injuries contribute to 11 % of DALYs globally, with

road traffic accidents the 10th most common cause of

DALY [30]. Surgery can no longer be considered a luxury

in public health terms, and indeed, in terms of cost/DALY

averted, surgical interventions compare well with other

public health interventions, for instance oral rehydration

therapy, vitamin A supplementation or anti-retroviral

therapy for HIV [29]. It has been recommended that

elective surgery for common conditions, such as hernia,

cataract, clubfoot, or cleft lip and palate, and emergency

surgery for the acute abdomen, obstetric complications and

trauma should be prioritized within public health programs

[29, 31••].

Inadequate Infrastructure to Support Surgery

Successful surgical intervention requires an efficient

anesthesia service. Anesthesia is a clinical specialty

dependent on technical resources including equipment,

drugs and trained anesthesia providers. The World Feder-

ation of Societies of Anaesthesiologists (WFSA) and the

WHO have described minimal standards for anesthesia in

small health centers, district hospitals and referral hospitals

[32••, 33]. The standards describe the level of training for

anesthesia personnel and the essential drugs and equip-

ment, both disposable and non-disposable, required for the

scope of work being performed. Without the basic facilities

described, safe anesthesia cannot be provided.

Unfortunately, in many LICs, the current lack of surgi-

cal provision at both local and district hospital level means

that when patients present, often with advanced pathology,

facilities are poorly equipped and so unable to provide the

care that is needed, particularly in the rural areas.

Within the last decade, there have been many studies

that have described the state of healthcare facilities and

availability of trained anesthesia providers in LICs. A

questionnaire survey of anesthesia providers in Uganda in

2006 suggested that only 23 % of providers had the facil-

ities to deliver safe anesthesia to an adult, 13 % to deliver

safe anesthesia to a child and 6 % to deliver safe anesthesia

for a cesarean section [34]. The survey was repeated at

hospitals in rural southwest Uganda in 2008, when it was

found that only 29 of 72 hospitals that should have been

able to undertake surgery were able to do so, mainly due to

a shortage of essential personnel (anesthesia provider or

surgeon). None of the hospitals undertaking surgery con-

sistently met the minimum standards described by the

WFSA and WHO [19•]. Similar surveys have now been

completed for more than 800 facilities in at least 24 low-

and middle-income countries (LMICs), using a question-

naire based on the WHO Integrated Management for

Emergency and Essential Surgical Care (IMEESC) toolkit

[35–46], the PIPES tool (personnel, infrastructure, proce-

dures, equipment, supplies), developed by Surgeons

OverSeas (SOS) [20, 47–49], or a tool developed by the

Helfen Beruhrt Study Team [45–51]. All studies demon-

strate, not unsurprisingly, that where the healthcare budgets

are inadequate, maintaining a skilled workforce and well-

equipped hospitals is impossible. Basic infrastructure

requirements such as running water, electricity and oxygen

are not consistently available, particularly in rural areas or
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in countries with low per capita health expenditure. Keta-

mine, spinal anesthesia and general anesthesia are used

commonly, but anesthesia equipment, such as anesthesia

machines, monitoring and airway equipment, particularly

for children, is often not available in rural centers. A

review of 590 facilities in 22 LMICs showed that 55 % did

not have reliable access to oxygen supplies (cylinder or

oxygen concentrator), and 40 % did not have a functioning

anesthesia machine [44]. Access to opioids is a particular

problem, and it has been estimated that 85 % of countries

do not have access to adequate supplies of morphine

because of concerns about addiction and abuse [52].

Pulse oximetry has been identified as a standard of care

by the WHO, WFSA and in all countries that have national

anesthesia standards, and pulse oximetry has been sug-

gested as a surrogate measure of the availability of essen-

tial equipment for operating theatres. Funk et al. [53•]

estimated that 51–70 % of hospitals in sub-Saharan Africa

did not have access to a pulse oximeter, illustrating the

challenge inherent in equipping operating theatres in many

LMICs. The authors suggested that 2 billion of the world’s

population did not have realistic access to a safe surgical

facility (less than two operating theatres per 100,000

population) [53•].

Lack of Trained Workforce

The global deficiency in healthcare workers is well

described, as is the problem of medical migration [54–56].

There is an estimated shortfall of 720,000 physicians and

670,000 nurses required to provide basic health services in

sub-Saharan Africa, and a strong negative correlation

between numbers of physicians and maternal mortality

rate, independent of per capita income, poverty or female

literacy [57].

Numerous surveys of facilities have confirmed that

anesthesia is largely delivered by a non-physician work-

force, nurses or clinical officers, and in population terms,

with very few anesthesiologists compared to high-income

countries [20, 35–51, 54, 58]. Where anesthesiologists are

available, they are mainly based in larger regional or

referral hospitals in urban centers.

Increasing the number of trained personal through task

shifting is often recommended as a solution to this workforce

crisis, but in anesthesia, task shifting occurred decades ago,

particularly in sub-Saharan Africa. Non-physicians, either

nurses or clinical officers, are the main anesthesia providers,

often after limited training, with no access to on-going sup-

port supervision, books or continuing professional devel-

opment [20, 35, 50]. Low numbers of anesthesiologists and

lack of anesthesia advocacy may account for some of the

infrastructure deficits seen in some countries. The

relationship between task shifting and the high anesthesia-

related mortality found in LIC is not clear, although the

outcomes must be better than the alternatives, which are long

delays or no anesthesia service at all [14, 56]. Extreme

shortages of anesthesia providers has led to another cadre,

the ‘trained on job’ anesthetist, who has received no formal

training but is trained of necessity in facilities where there are

only one or two providers [14, 19•, 34, 50, 59]. Fenton

identified limited training as one of the important factors

associated with maternal death after cesarean section [14].

The South African maternal mortality report suggested that

even intern doctors with comprehensive undergraduate

training are not necessarily able to translate their theoretical

knowledge into practical anesthesia skills [15••].

Lack of Resources

Major improvements in anesthesia safety in low-income

regions of the world will only be possible when both sur-

gery and anesthesia are recognized as being an integral part

of comprehensive public health services. Resources are

clearly a limiting factor; in 2011 the per capita expenditure

on health in the UK, Germany and France was $3,609,

$4,875 and $4,952, respectively, compared to $89, $31 and

$45 in Zambia, Malawi and Togo [60]. Most hospital

expenditure relates to staffing, and these costs are obvi-

ously much lower in LICs, but even so, the expenditure on

surgical services is disproportionately low, compared to

other health service expenditure. The Bellagio Essential

Surgery Group (BESG) estimated the per capita spending

on surgery in six government district hospitals in Uganda,

Mozambique and Tanzania in 2007 ranged from $0.05 to

$0.14, excluding out of pocket expenditure by patients and

capital costs. Hospital expenditure on surgery represented

10–14 % of inpatient expenditure, with hospitals relying on

external donations for essential equipment such as an

operating tables and theatre lights [58].

Improving Anesthesia Safety in Low-Income Countries

Drawing together the reviews and information described

above, it is not surprising that anesthesia outcomes in LICs

have not improved in recent decades. Lack of access to

surgery is a major problem; patients are sicker when they

present for surgery, with higher ASA grade and hence

increased risk. Economic constraints and weak governance

play their part. Providers with a minimum basic training

struggle to provide care for patients of high acuity, often

without access to even the most basic of resources. The

requirements for safe anesthesia are well described, and we

suggest the following areas need to be addressed:
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1. Investment in surgical care

2. Investment in training and workforce

3. Investment in technology and infrastructure

4. Improving the quality of existing services

Investment in Surgical Care

If anesthesia safety is to be improved, the first priority is

investment in cost effective surgical care in LICs [31, 58]. A

number of recent initiatives may improve future funding for

surgery. The United Nations ‘Global Thematic Consultation’

was completed in 2013 with the aim of identifying develop-

ment priorities post 2015 [61]. Strengthening health systems,

universal health coverage and equity of access were identified

as health priorities as well as the existing health Millennium

Development Goals (MDG) for maternal and newborn health.

While not targeting surgery specifically, investment in health

systems, national ownership of the agenda and global part-

nerships were identified as key drivers [61].

The recently launched Lancet Commission on Global

Surgery is particularly timely. The aim of the Commission

is to bring clinicians and public health experts together to

address the unmet global burden of disease due to surgical

conditions and to provide consensus recommendations for

funding, provision and governance of surgical care, define

clear metrics to track surgical care structure, process and

outcomes, and consider the research agenda for global

surgery [62•]. The Disease Control Priorities Project

(DCPP) published by the World Bank is due to be updated

in 2014, and it is hoped will also help define priorities for

surgery in LICs [63].

The requirements for anesthesia have been defined for

different settings [32••], but, although obvious to anesthe-

siologists, this information needs to be presented in terms

of cost effectiveness for public health comparison. Anes-

thesiologists should be mature in the way that they present

their specialty, particularly where resources are limited, so

that policy makers make appropriate investments [64]. The

appropriateness of DALY-based metrics has been ques-

tioned for surgical interventions, and alternative metrics

based on prevalence, backlogs to treatment, and disability

incurred by treatment delays have been suggested [65].

Appropriate metrics to assess anesthesia provision at a

population level are also required.

Investment in Training and Workforce

Improvement in anesthesia safety requires investment in

training and training capacity for both medical and non-

medical anesthesia providers, with an assessment of need

in terms of numbers required for the health system. Access

to continuing professional development, on-going clinical

supervision, acceptable working conditions, career pro-

gression and adequate remuneration are all essential if

trained healthcare workers are to be retained [13, 55, 56].

The work involved in training includes curriculum

development, sourcing educational materials, assessment

methods, teaching in the workplace and continuous pro-

fessional development. The duration of training for anes-

thesiologists varies from 3 to 8 years, for non-medical

providers 6 months–3 years. However, length of training is

no guarantee of quality. In most high-income countries

training programs are the result of decades of development

with many resources having been invested. National stan-

dards have generally been developed through professional

colleges or national societies—countries vary from one to

another. In places with low numbers of practicing clini-

cians, the workload required to ensure training may be

impossible to meet alongside busy clinical jobs. Journals

offering free access to their content for those in LIC have a

key role to play, and the Internet offers unprecedented

opportunities to distribute anesthesia resources. However, a

curriculum cannot simply be transferred from one setting to

another—the educational standards at entry to training may

vary, as well as the requirements in the destination hospital.

There are striking positive examples of how some

countries, regions and programs have succeeded, for

instance the Faculty of Anaesthetists of the West African

College of Surgeons (http://www.wacs-coac.org), advances

often achieved by those returning after completing training

fellowships out of country. The World Federation of

Societies of Anaesthesiologists (WFSA—www.wfsahq.

org) has supported anesthesia training in LIC since incep-

tion and provides a source of educational materials, train-

ing fellowships and international standards for anesthesia.

The WFSA also coordinates a Train the Trainers course to

assist in educational development and links the many other

national and regional societies that support anesthesia

training beyond their borders.

Partnerships between professional organizations and

between institutions can make an important contribution to

anesthesia training programs. They are not a panacea, but

can provide short-term support while growing local

capacity. Newton has described a model for training nurse

anesthetists in Kenya, with nurses referred from rural

hospitals to a regional non-government hospital for train-

ing. The 16-month curriculum was developed to reflect

local surgical conditions and the facilities available in the

community hospitals [66•].

The Ugandan Society of Anesthesia and the two main

training institutions in Uganda, Mulago Hospital and

Mbarara University Hospital have formed partnerships

with the Association of Anaesthetists of Great Britain
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Ireland (AAGBI), Global Partners in Anesthesia and Sur-

gery (GPAS) and Massachusetts General Hospital in the

USA, and St. Joseph’s Health System International Out-

reach Program in Canada and others, which have trans-

formed anesthesiology training in Uganda. Anesthesia was

previously unpopular as a physician specialty, with many

graduates preferring to train in surgery or public health

because of higher status or salary associated with exter-

nally funded projects. The drive to improve training has

been coordinated and led by the anesthesiology leadership

in the two departments of anesthesiology in Uganda.

Interventions have included top-up salary support for

trainees, large scale donation of new textbooks and

e-learning materials, hands on training by visiting faculty,

scholarships for Ugandan anesthesiologists to train in

Canada and support for long-term volunteers in Uganda,

and more recently, development of research partnerships

and training courses for clinical officer anesthetists [67•,

68•]. This has resulted in a major increase in recruitment to

physician anesthesia in Uganda, from two trainees in 2006

to 43 trainees up until the end of 2013, with Ugandan-

trained anesthesiologists now leading outreach training

courses in obstetric anesthesia for anesthetic officers, fun-

ded by UK Aid [69]. Similar initiatives to support anes-

thesiologist training have been developed between the

Canadian Anesthesiologists’ Society International Educa-

tion Foundation (CASIEF) and Rwanda [70•], and more

recently, as a partnership between the UK and Zambian

governments to support anesthesiology training in Zambia

[71•]. If effective, partnerships, like friendships, will be

longer lasting than the projects alone, but they need support

from local Ministries of Health if positive impacts are to be

sustained.

Investment in Equipment and Hospital Infrastructure

Internationally, the anesthesia equipment market is domi-

nated by a few firms developing and selling complex

products to meet anesthesia needs in high-income coun-

tries. There has been minimal investment into technology

that is low cost, robust and functional in more austere

environments. Modern large-scale procurement processes

are frequently inaccessible to small and remote hospitals,

and perversely, many have to pay more for an item of

equipment that well-resourced Western centers are able

access at lower cost. This also applies to essential drugs,

disposable and specialist anesthesia equipment and

monitors.

The poorer economies are not an obvious investment

target for large global companies, yet hospitals in these

countries represent a huge potential market for development.

However, it is essential that international procurement

processes address infrastructure requirements, particularly

in relation anesthesia equipment, for instance the need for

reliable electricity supply, a secure supply of pressurized

oxygen and maintenance. Unless this is ensured, large sums

of money will be wasted, and the desired improvements in

anesthesia safety will not be achieved. It is welcome in this

respect that an ISO standard has been published for anes-

thesia machines for use in areas with limited logistical sup-

plies of electricity and anesthetic gases, and an ISO standard

for draw-over anesthesia systems is in preparation [72].

Oxygen concentrators have been suggested as the most

reliable, cost-effective way for hospitals to access oxygen,

and a call has been made to place oxygen supplies higher on

the global health agenda [73].

There have been some novel approaches to address the

challenges associated with anesthesia equipment, many led

by clinicians with experience of working in low-incomes

countries. Two companies have developed anesthesia

delivery systems based on the oxygen concentrator (Gra-

dian Health Systems ‘Universal Anaesthesia Machine’

www.gradianhealth.org and Diamedica Medical Equip-

ment www.diamedica.co.uk). It would be helpful if other

larger equipment companies could follow their lead. Life-

box Foundation is a charity that has been established to

promote safer surgery, including access to pulse oximetry,

and the education and training to sustain this (www.

lifebox.org). Based on existing oximetry technologies, the

Lifebox Foundation developed specifications for a robust,

low-cost and high-quality oximeter specifically customized

for use in low- and middle-income countries. An interna-

tional procurement process was led by the WFSA, and a

pooled purchasing contract was developed, in effect com-

bining hospitals to increase market share. A company

realizing that the market place is thousands rather than tens

should be encouraged to invest in this area. Recent clinical

testing confirmed the Lifebox pulse oximeter meets current

USA Food and Drug Administration standards for accu-

racy, supporting the development of affordable monitoring

equipment without compromising standards [74]. Over

7,000 units have now been distributed to over 90 countries

in conjunction with dedicated training programs.

Other innovative technologies have also been devel-

oped, such as mobile phone oximeters, some of which are

seeking regulatory clearance for medical use [75]. In order

to improve anesthesia safety on a population basis, these

novel initiatives need to be scaled up in countries where

resources are lacking, and their practicality awaits day-to-

day testing in that environment.

Most anesthesia can fortunately be performed with a

simple list of drugs, and the WHO List of Essential Med-

icines makes a start in this direction, although access to

opioids and other analgesic agents needs to be considered

as integral to anesthesia [76]. The 2013 Essential
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Medicines List omitted thiopentone and ether, although

they are still widely used in a number of LICs. Halothane

and ketamine are far from ideal agents, but they are the

mainstay of anesthesia provision in many LICs; it is

essential that pharmaceutical companies continue to pro-

duce these agents and that procurement processes are in

place to maintain supplies of them.

Improving the Quality of Existing Services

Healthcare systems are complex, and existing healthcare

services need to be improved at national and local levels,

with international support sensitive to local context. Run-

ning a national anesthesia service requires training and

accreditation systems. It also requires effectively managed

hospitals with appropriate facilities to support surgery, and

with reliable procurement systems to maintain supplies of

essential drugs and equipment at a local level. Local gov-

ernance procedures are required to ensure appropriate use

of resources and adequate numbers of trained staff to fill

service rotas and to service and repair equipment when

required. When drugs run out or there is no blood for

transfusion, how can an anesthesia system function or save

lives? Such ‘administrative’ failures have been identified as

a direct cause of perioperative mortality [8–11] and need to

be addressed at every level to improve anesthesia outcomes

[15••].

Productivity in operating theatres in low-income coun-

tries is typically very low, with patients waiting on the

ward for treatment despite lists that often start late and

finish early. Well-run hospitals in LIC are characterized by

clear institutional leadership and goals, adoption of stan-

dardized care protocols and processes for procurement,

effective management of human resources, structured

training programs, measurement of outcomes with report-

ing of adverse events and good financial oversight [77].

Such institutions may serve as models for others to follow.

Quality improvement initiatives based on long-term

institutional partnerships can help improve existing ser-

vices and have been championed by The UK Tropical

Health Education Trust (www.THET.org) and the UK All

Parliamentary Group on Global Health [78, 79]. The

partnership formed between the Kybele Foundation in the

USA and the Ghana Health Service resulted in a 34 %

reduction in maternal mortality and 36 % reduction in

stillbirth at the Ridge Regional Hospital in Accra between

2007 and 2009, despite an increase in activity at the hos-

pital [80••]. Improvement activities were focused on sys-

tem failures and used local personnel to implement

changes, with tri-annual multidisciplinary visits lasting

1-2 weeks to provide coaching and feedback. Long-term

volunteering with organizations such as Voluntary Service

Overseas (VSO) (www.vso.org.uk) offers important

opportunities for training and quality improvement [81].

Long-term sustainable impact is increasingly the focus of

short-term surgical missions [82].

The WHO Patient Safety Second Global Patient Safety

Challenge ‘Safe Surgery Saves Lives’ highlighted the

avoidable harm associated with surgery and anesthesia in the

global population and led to the publication of WHO

Guidelines for Safe Surgery [33]. One of the main outputs of

the Patient Safety Challenge was the Surgical Safety

Checklist, which for the first time, included pulse oximetry

as a standard of care recommended by the WHO. Imple-

mentation of the checklist (including pulse oximetry) has

been shown to improve outcomes associated with surgery in

all healthcare settings, including in LICs [83–85]. A recent

systematic review has suggested that in high-income set-

tings, use of the surgical checklist improves outcomes

through improved teamwork and communication [86],

although compliance with the checklist items, particularly by

medical teams, and integration into work practices is chal-

lenging [87–89]. Conversely, the benefits of the checklist in

LICs may be influenced by the availability of resources, and

lack of resources may act as a significant barrier to imple-

mentation [85, 90]. In such settings, it remains to be seen

whether local checklist adaptation with progressive imple-

mentation might provide the necessary stimulus to support

system-wide improvements, for example, the development

of blood transfusion services or antibiotic supply chains.

Many international organizations have made important

contributions to improvements in anesthesia safety in LIC,

but as witnessed in other areas of development, it is

important to make sure that these efforts are coordinated

and align with the needs of local clinicians. In anesthesia,

international organizations such as the WFSA have a role

to play in coordinating these efforts.

Conclusion

In many countries’ anesthesia services are considerably

underdeveloped and represent a significant risk to patients.

The detail and size of the problem have been described in

many studies over the last 2 decades. Our specialty needs

to make the case for investment in surgical services with

those who control healthcare planning and budget alloca-

tions at all levels. Training needs to be recognized as a key

component of anesthesia, with appropriate investment in

time and resources—this requires support from interna-

tional healthcare bodies, with encouragement from over-

seas partnerships in collaborative ways. Basic drug and

equipment supplies need to be reliable and cheap, with

clear supply chains. Healthcare planners need to consider
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how low-cost anesthesia machines can be designed and

manufactured with the needs of the remote hospital in

mind. Existing services can be strengthened through long-

term partnerships between professional organizations and

institutions and by adopting formal quality improvement

processes. A coordinated message is required at local,

national and international levels; without this, anesthesia

services in LICs will not improve and could well continue

to deteriorate over the next decade.
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