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More than 5 of the world’s 7 billion people lack access to safe anesthesia and surgical services.
Surgical disease accounts for 30% of global disease burden, yet less than 1% of development
assistance for health supports delivery of anesthesia and surgical care. Lack of access to safe,
timely, and affordable anesthesia and surgery kills more than 4 times as many as acquired immunodeficiency syndrome (AIDS), tuberculosis (TB), and malaria combined.
Lack of access to safe anesthesia and surgical services are among the most neglected crises in
global health. Anesthesia-related mortality in some low-income countries (LICs) is reported in
the 1:100s and is mostly avoidable. The burden of surgical disease is growing and disproportionately affects low- and middle-income countries.
Pain is one of the top causes of morbidity worldwide, and inadequate access to analgesia is
among the most inequitable global public health crises the world faces today. Five and a half
billion people have limited or no access to narcotic medications for analgesia. Six high-income
countries (HICs) account for 80% of the world’s opioid consumption. Key drug control policies,
organizations, and politics continue to influence issues of access and abuse, with disproportionately negative impacts for underserved populations.
Critical shortages and the inequitable distribution of anesthesia providers are significant barriers to increasing access to safe anesthesia and surgical care. The density of surgery, anesthesia,
and obstetric providers is 0.7 per 100,000 population for LICs as compared with 57 per 100,000
population for HICs.
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Modern anesthesia workforce training and practice models vary widely from country to country. Innovative workforce solutions are needed to increase provider numbers while simultaneously ensuring quality and promoting access for underserved populations.
Anesthesia, analgesia, and surgical services are feasible in resource-constrained settings and
are as cost-effective as many other public health interventions (e.g., vaccinations).
Issues of access, safety, and resource utilization are relevant to all anesthesia providers. Equipping anesthesia providers with knowledge and skills needed to address global challenges in
anesthesia will become increasingly important in order to expand access to safe and affordable
anesthesia care worldwide.
Health care providers from multiple disciplines (nursing, surgery, obstetrics, anesthesia, and
many more) are needed to effectively provide surgical and perioperative care. Anesthesiologists routinely work across the perioperative disciplines and can play a significant role to improve cohesive advocacy efforts and lead progress in global health equity for surgical disease
and analgesia.
The global anesthesia community is lagging behind other health disciplines in addressing
global health challenges and must rapidly expand investment in initiatives to help characterize (research), address (implementation and policy), and support (financing) global anesthesia
challenges.
Developing infrastructure, expanding workforce, improving data to drive policy, providing
financial risk protection mechanisms for surgical patients, improving referral and prehospital
systems, and providing essential medicines are actions the global anesthesia community must
prioritize. The need to act promptly is immense and must be balanced but not overshadowed
by research agendas.

Introduction
There have been considerable efforts in recent years to
define a global “standard” or “optimal” practice of anesthesia.1-4 These debates, investigations, and innovations have
most often been framed in the context of maximizing patient
safety. More recently the focus of these efforts has expanded
to also incorporate the important goals of maximizing not
only safety, but also accessibility and affordability of anesthesia services.5
With scientific advancement and economic development, anesthesia—like much of medicine—has changed
dramatically since the first public display of ether anesthesia in October of 1846. However, over the past 150-plus
years, advances in anesthesia have been neither uniform
nor universal, resulting in vastly heterogeneous anesthesia practice models and massive inequities in access to safe
anesthesia care worldwide. The majority of the world’s
population does not have access to safe, affordable surgical,
anesthesia, or pain services, and relatively few resources
are being invested by governments, donors, or the global
anesthesia community to address this crisis.
In this chapter we build off the work of Dr. Miller and
colleagues’ to explore not only the evolution and diversity
of anesthesia practice models from around the world, but
also challenges facing the global anesthesia community. A
better understanding of the evolution of modern anesthesia
care models, as well as the challenges they face and have
overcome, is a key step to improving access and patient
safety worldwide.
The first section of this chapter describes the scope and
magnitude of the ongoing global surgical, anesthesia, and
pain crises. This section also explores reasons why these
crises have been relatively neglected by the global public
health community, and reviews potential areas for intervention, advocacy, and change.

TABLE 2.1 World Bank Income Classifications by Gross
National Income per Capita
GNI per Capita (US $)
Low income

<1,005

Lower-middle income

1,006-3,955

Upper-middle income

3,956-12,235

High income

>12,235

GNI, Gross national income.
Source: https://blogs.worldbank.org/opendata/new-country-classificationsincome-level-2017-2018.

The second section of this chapter presents examples of
different anesthesia care models from around the world,
including select historical milestones and snapshots of current challenges from regional and country-level perspectives.
The final section of this chapter provides a primer on
essential clinical and nonclinical knowledge relevant for
anesthesia practice in resource-constrained settings. The
chapter concludes by discussing the role of anesthesia providers beyond the confines of the operating room or hospital
setting, who increasingly will be called upon for solutions
that increase access to safe anesthesia, surgery, and analgesia in the global context.!

Section 1: Anesthesia and “Global
Health”
The terms anesthesia and global health, when used
together, often invoke thoughts of providers from highincome countries (HICs) providing clinical care in low- and
middle-income countries (LMICs) as part of humanitarian
outreach or “mission trips” (Table 2.1). Although such
initiatives comprise a substantial proportion of efforts that
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TABLE 2.2 Definitions of Global Health and Global Surgery
Global Health*

Global Surgery†

Approach

Field of study, research, practice and advocacy.
Emphasizes global perspective and a scientific
approach to health promotion and disease
prevention, including broad determinants
of health.

Area for study, research, practice, and advocacy that places
priority on improving health outcomes and achieving health
equity for all people worldwide who are affected by surgical
conditions or have a need for surgical care.

Geography

Focuses on issues that directly or indirectly
affect health but that can transcend
national boundaries.

Global surgery emphasizes supraterritorial and transnational issues,
determinants, and solutions.

Level of
cooperation

Development and implementation of solutions
often require global cooperation.

Recognizes that the determinants of inadequate or inequitable
surgical care are often the result of common and interdependent
global structures and processes, and require global cooperation
for global solutions.

Individuals or
populations

Embraces both prevention in populations and
clinical care of individuals.

Encompasses surgical care for underserved populations in all
countries with special emphasis on those affected by conflict, displacement, and disaster.

Access to
health

Health equity among nations and for all people is
a major objective.

Equitable access to safe and affordable anesthesia, analgesia, and
surgical care is a major objective.

Range of
disciplines

Highly interdisciplinary and multidisciplinary
within and beyond health sciences.

Incorporates all surgical specialties including obstetric and
gynecological surgery, anesthesia, perioperative care, aspects
of emergency medicine, rehabilitation, and palliative care, and
nursing and the allied health professions involved in the care of
the surgical patient. Engages non-clinical stakeholders including
health economists, governments, and policymakers.

*Modified from Koplan JP, Bond TC, Merson MH, et al. Towards a common definition of global health. Lancet. 2009;(9679);1993–1995; Fried LP, Bentley ME, Buekens P, et al. Global health is public health. Lancet. 2010;375(9714):535–537.
†Modified from Dare AJ, Grimes CE, Gillies R, et al. Global surgery: defining an emerging global heath field. Lancet. 2014;384(9961):2245–2247.

aim to increase access to surgical and anesthesia services
in resource-constrained settings, they represent only a fraction of the ever-expanding role of the anesthesia community in global health.
In this chapter, the term “global health” refers to a multidisciplinary field of study, research, practice, and advocacy that
develops and implements solutions to promote health equity.
Global health transcends national boundaries, requires global
cooperation, and utilizes both population-level (e.g., injury
prevention) and individual-level (e.g., clinical care) strategies
(Table 2.2). Although some debate exists over the optimal definition of global health and its distinction, or lack thereof, from
public health, it is worth highlighting that global health is not
synonymous with international aid (i.e., going abroad from
one’s own country) or the transfer of technologies or interventions from HICs to LMICs.6,7 Global health encompasses much
more, including local providers working in the local environment (whether that is a low-, middle-, or high-income setting),
and increasing emphasis on health equity.8
Global health has received unprecedented levels of interest in recent decades, expanding from its infectious disease origins to now incorporate a wider range of diseases,
including the social and environmental factors affecting
health.9,10 Despite this expanded scope, surgery and anesthesia have remained relatively forgotten by the global
health community.
In June of 1980, then Director-General of the World
Health Organization (WHO), Dr. Halfdan Mahler, gave a presentation to the International College of Surgeons in Mexico
City entitled “Surgery and Health for All.” In this speech, Dr.
Mahler stated that “Surgery clearly has an important role to play
in primary health care and in the services supporting it. Yet, the
vast majority of the world’s population has no access whatsoever

to skilled surgical care, and little is being done to find a solution. I
beg of you to give serious consideration to this most serious manifestation of social inequity in health care.”11
Despite recognition of the global anesthesia and surgical crises several decades ago, it has been only recently that the global
health community has begun to take notice and action.12–17
In 2004, the WHO created the Emergency and Essential Surgical Care Program (EESC) and in 2005, the WHO Global Initiative for Emergency and Essential Surgical Care (GIEESC) was
formed to convene multidisciplinary stakeholders interested
in surgical disease. In 2007, the Bellagio Essential Surgery
Group and Burden of Surgical Disease Working Group (later
renamed the Alliance for Surgery and Anesthesia Presence
[ASAP]) formed as two of the earliest concerted efforts to raise
international awareness for surgical disease by advocating for
the integration of surgery into health systems and the promotion of research and collaboration across disciplines.18 These
efforts followed in the wake of a seminal chapter on surgery in
the Second Edition of the Disease Control Priorities in Developing Countries (DCP2) book in 2006.19 In 2008, the WHO
launched the Safe Surgery Saves Lives initiative along with the
WHO Safe Surgery Checklist.20,21 Also in 2008 multiple leaders in global health highlighted surgery as the “neglected stepchild” and as the “other neglected disease” in global health,
drawing comparison with the then emerging term, “neglected
tropical diseases.”22,23
Despite these pleas and consistent, albeit limited, data
demonstrating the massive scale of the surgical disease crisis, it was not until 2014–15 that greater attention began to
be realized. In 2014, the Amsterdam Declaration on Essential Surgical Care was created, and in 2015, the 68th World
Health Assembly (WHA) unanimously passed resolution
68.15 (WHA68.15) to strengthen emergency and essential
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BOX 2.1 Key Messages From the Disease
Control Priorities 3rd Edition
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!□!

!□!
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!□!

!□!

Provision of essential surgical procedures would avert an
estimated 1.5 million deaths a year, or 6%-7% of all avertable
deaths in low- and middle-income countries (LMICs).
Essential surgical procedures rank among the most costeffective of all health interventions. The surgical platform of
first-level hospitals delivers 28 of the 44 essential procedures,
making investment in this platform also highly cost-effective.
Measures to expand access to surgery, such as task-sharing,
have been shown to be safe and effective while countries make
long-term investments in building surgical and anesthesia
workforces.
Because emergency procedures constitute 23 of the 28 procedures provided at first-level hospitals, such facilities must be
widely geographically available.
Substantial disparities remain in the safety of surgical care,
driven by high perioperative mortality rates and anesthesiarelated deaths in LMICs. Feasible measures, such as the World
Health Organization’s (WHO’s) Surgical Safety Checklist,27a
have led to improvements in safety and quality.
The large burden of surgical conditions, the cost-effectiveness
of essential surgery, and the strong public demand for surgical
services suggest that universal coverage of essential surgery
(UCES) should be financed early on the path to universal health
coverage.
We point to estimates that full coverage of the component of
UCES applicable to first-level hospitals would require slightly
more than $3 billion annually of additional spending and yield a
benefit to cost ratio of better than 10:1. It would efficiently and
equitably provide health benefits and financial protection, and
it would contribute to stronger health systems.

From Jemison DT, Alwan A, Mock CN, et al: Universal health coverage and
intersectoral action for health: key messages from Disease Control Priorities, 3rd edition. The Lancet 391, Issue 10125, 2018:1108–1120.

surgical and anesthesia care as a component of universal
health coverage.24,25 Also in 2015, publication of DCP3 and
the Lancet Commission on Global Surgery (LCOGS) “Global
Surgery 2030” report significantly expanded the body of
data characterizing the global surgical and anesthesia crises, and also outlined strategies for addressing some of these
challenges (Boxes 2.1and 2.2).5,26 During the LCOGS development, Jim Kim, President of the World Bank, echoed the
words of Dr. Mahler from 35 years earlier by stating, “…surgery is an indivisible, indispensable part of health care and of
progress towards universal health coverage.”27
These events provided a much needed boost to efforts
aimed at improving the accessibility, affordability, and
safety of surgical, obstetric, and anesthesia care worldwide.
They also helped provide a framework for including surgery
and anesthesia as global health priorities by linking surgery
and anesthesia care to universal health coverage. Surgery
and anesthesia were not included in previous priority-setting efforts, in part, because it was not clear how to incorporate them. Limited data about the scale of the crises, as well
as misperceptions around complexity and cost-effectiveness
(as discussed in the next section) resulted in surgery and
anesthesia care being peripheral to global health prioritysetting efforts like the Millennium Development Goals
(MDGs). Although surgery and anesthesia are not explicitly a focus of more recent global health priority initiatives
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BOX 2.2 Key Messages From The Lancet
Commission on Global Surgery
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5 billion people do not have access to safe, affordable surgical
and anesthesia care when needed. Access is worst in lowincome and lower-middle-income countries (LMICs), where
9 of 10 people cannot access basic surgical care. 143 Million
additional surgical procedures are needed in LMICs each year to
save lives and prevent disability. Of the 313 million procedures
undertaken worldwide each year, only 6% occur in the poorest
countries, where over a third of the world’s population lives.
Low operative volumes are associated with high case-fatality
rates from common, treatable surgical conditions. Unmet need
is greatest in eastern, western, and central sub-Saharan Africa,
and South Asia.
33 Million individuals face catastrophic health expenditure
due to payment for surgery and anesthesia care each year. An
additional 48 million cases of catastrophic expenditure are
attributable to the nonmedical costs of accessing surgical care.
A quarter of people who have a surgical procedure will incur
financial catastrophe as a result of seeking care. The burden of
catastrophic expenditure for surgery is highest in low-income
and lower-middle-income countries and, within any country,
lands most heavily on poor people.
Investing in surgical services in LMICs is affordable, saves lives,
and promotes economic growth. To meet present and projected population demands, urgent investment in human and
physical resources for surgical and anesthesia care is needed. If
LMICs were to scale-up surgical services at rates achieved by the
present best-performing LMICs, two thirds of countries would
be able to reach a minimum operative volume of 5000 surgical
procedures per 100,000 population by 2030. Without urgent
and accelerated investment in surgical scale-up, LMICs will
continue to have losses in economic productivity, estimated
cumulatively at US$12.3 trillion (2010 US$, purchasing power
parity) between 2015 and 2030.
Surgery is an “indivisible, indispensable part of health care.”1
Surgical and anesthesia care should be an integral component
of a national health system in countries at all levels of development. Surgical services are a prerequisite for the full attainment
of local and global health goals in areas as diverse as cancer,
injury, cardiovascular disease, infection, and reproductive,
maternal, neonatal, and child health. Universal health coverage
and the health aspirations set out in the post-2015 Sustainable
Development Goals will be impossible to achieve without ensuring that surgical and anesthesia care is available, accessible,
safe, timely, and affordable.

Mock CN, Donkor P, Gawande A, et al: Essential surgery: key messages from
Disease Control Priorities, 3rd edition. The Lancet 385, Issue 9983, 2015:
2209–2219.

like the Global Health 2035 report and the United Nations
(UN) Sustainable Development Goals (SDGs), these reports
emphasize noncommunicable diseases, injuries, healthcare
workforce expansion, and universal health coverage, which
incontrovertibly depend on surgery and anesthesia.28,29
Milestones like LCOGS, the WHA resolution 68.15, and
the Lancet Commission on Palliative Care and Pain Relief
have helped call attention to the global anesthesia, analgesia, and surgery crises at hand.30 Entities like the World
Federation of Societies of Anaesthesiologists (WFSA), Association of Anesthetists of Great Britain and Ireland (AAGBI),
Canadian Anesthesiologists’ Society International Education
Foundation (CASIEF), and Lifebox are among the increasing
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number of anesthesia organizations working on systemlevel changes, research, and large-scale education initiatives
in LMICs. Many national anesthesia societies, such as the
United Kingdom’s Royal College of Anaesthetists (RCoA), the
Royal College of Anesthesiologists of Thailand, and the Chilean Society of Anesthesiologists are also actively engaged in
such activities. The number of these global anesthesia efforts
is unprecedented, but still nascent and evolving.
If surgery is described as the neglected step-child of
global health, then anesthesia is the forgotten relative.
Despite significant interdependence, surgery, anesthesia,
and obstetrics have yet to harmonize global health efforts
and maximize impact. Global health efforts involving
either surgery or anesthesia have become known collectively as “global surgery” (see Table 2.2). In 2014, “global
surgery” was defined “…as an area for study, research,
practice, and advocacy that places priority on improving health outcomes and achieving health equity for all
people worldwide who are affected by surgical conditions
or have a need for surgical care. Global surgery incorporates all surgical specialties, including obstetric and gynecologic surgery; anesthesia; perioperative care; aspects of
emergency medicine; rehabilitation; palliative care; and
nursing and the allied health professions involved in the
care of the surgical patient. It encompasses surgical care
for underserved populations in all countries and for populations affected by conflict, displacement, and disaster,
and promotes access to safe, quality care. Global surgery
emphasizes supraterritorial and transnational issues,
determinants, and solutions, recognizing that the determinants of inadequate or inequitable surgical care are often
the result of common and interdependent global structures and processes, even though they are predominantly
experienced within individual countries and communities.31” This definition was abbreviated to state “global
surgery is an area of study, research, practice, and advocacy that seeks to improve health outcomes and achieve
health equity for all people who require surgical care, with
a special emphasis on underserved populations and populations in crisis. It uses collaborative, cross-sectoral, and
transnational approaches and is a synthesis of populationbased strategies with individual surgical care.” Although
anesthesia is not directly mentioned in this definition,
“global surgery” has become a rallying point for anesthesia global health efforts.

SCOPE AND SCALE OF THE GLOBAL
ANESTHESIA, SURGERY, AND PAIN CRISES
Global Burden of Surgical Disease
Nearly 30% of global morbidity and mortality is surgically treatable, with tens of millions of lives lost each year
due to surgical conditions.5 This burden of surgical disease predominantly affects LMICs and kills 4 times more
people than human immunodeficiency virus (HIV), TB,
and malaria combined (Fig. 2.1).32 In addition to negative
impacts on health and well-being, there is also significant
economic burden associated with surgical morbidity and
mortality. By 2030, morbidity and mortality from surgical conditions could reduce annual gross domestic product (GDP) growth by an estimated 2% in LMICs. In the

past, similar calculations were used to successfully generate global investment in malaria, but had estimated much
lower (1.3%) decreases in GDP due to malaria.33 Without
significant and immediate intervention, surgical disease
will produce economic productivity losses of more than
US$12 trillion for LMICs between 2015 and 2030. While
it is generally agreed that surgical conditions account for a
large proportion of global morbidity and mortality, precise
data to support this have been lacking. This challenge has
been attributed in part to a lack of resources being invested
in such research and also to several inherent difficulties in
quantifying surgical diseases.
The term “global burden of disease” (GBD) uses the disability-adjusted-life-year (DALY) as a unit to quantify premature death (years of life lost) and disability (years of life
lived in a state of less than full health) (Fig. 2.2). The DALY
was originally developed for the seminal GBD 1990 Study to
quantify the burden of different diseases around the world
and has since become commonly used in public health and
health economics.34,35 Because the DALY is routinely used
to inform resource allocation, it has been utilized to describe
surgical and pain disease burdens as well. The global health
community has moved away from using terms such as third
world, developed, or developing when describing countries’
level of economic development. Leading causes of DALYs are
often reported geographically by World Bank income level
(see Table 2.1) or more recently by socio-demographic index
(SDI) (Figs. 2.3 and 2.4). The SDI is a composite average of
three indicators predictive of health outcomes: income per
capita, average educational attainment (for population >15
years old), and total fertility rate.
The 2006 DCP2 publication was one of the first attempts
to quantify surgical disease burden and did so by asking 18
surgeons for an educated guess, using convenience sampling and an online survey. Although the reported number

20
18
Deaths per year (millions)

14

16
14
12
10
8
6
4
2
Surgical
conditions

HIV/AIDS, TB, and
malaria

Fig. 2.1 Surgical conditions account for more annual deaths (16.9
million) than HIV/AIDS (1.03 million), TB (1.21 million), and malaria
(0.72 million) combined. AIDS, Acquired immunodeficiency syndrome; HIV, human immune virus, TB, tuberculosis. (Data from Shrime
MG, Bickler WS, Alkire BC, et al. Global burden of surgical disease: an estimation from the provider perspective. Lancet Glob Health. 2015;3:S8–S9;
and GBD collaborators 2016. Global, regional, and national age-sex specific
mortality for 264 causes of death, 1980–2016: a systematic analysis for the
Global Burden of Disease Study 2016. Lancet. 2017;390[10100]:1151–1210.)
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DALY
Disability Adjusted Life Year is a measure of overall disease
burden, expressed as the cumulative number of years lost due to
ill-health, disability, or early death

Healthy life

=

YLD
Years Lived With Disability

Disease or disability

+

YLL
Years of Life Lost

Early death

Expected
Life years

Fig. 2.2 The disability-adjusted life year (DALY). (From Wikipedia. https://en.wikipedia.org/wiki/Disabilityadjusted_life_year#/media/File:DALY_disability
_affected_life_year_infographic.svg. Creative commons license: CC BY-SA 3.0.)

(11%) was eye-opening and widely quoted, it was likely a
significant underestimation.
In 2015, the DCP3 provided another attempt to assess
the public health impact of surgical care by estimating
morbidity and mortality averted by scaling up basic
surgical and anesthesia services in LMICs (i.e., surgical
care for appendicitis, paralytic ileus, intestinal obstruction, hernias, gallbladder and bile duct disease, maternal
hemorrhage, obstructed labor, abortion and neonatal
encephalopathy, trauma resuscitation, surgical airway,
peripheral venous access, suturing, laceration and
wound management, chest tube or needle decompression, fracture reduction, escharotomy, fasciotomy, skin
grafting, and trauma-related laparotomy and amputation). They concluded that an estimated 1.4 million
deaths and 77.2 million DALYs could be prevented each
year by scaling up basic surgical and anesthesia services
in LMICs.26

The LCOGS produced another attempt to estimate global
morbidity and mortality from surgical disease by asking
173 surgeons, anesthesiologists, internists, nurses, and
public health practitioners from around the world, “What
proportion of patients with the following conditions would,
in an ideal world, require a surgeon for management?”
The result of this survey was 28% to 32% of overall GBD
requires a surgeon for management. Based on these results,
LCOGS estimated that 30% of GBD is surgically treatable
with an estimated 17 million lives lost per year due to surgical conditions.5
These reports are consistent with the 1990 GBD Study
data, which demonstrate that the morbidity and mortality
associated with surgical diseases is significantly larger than
that of HIV, TB, and malaria combined.32 Unintentional
injuries are the single largest contributor of DALYs worldwide. The majority of deaths that can be prevented with
surgical care are due to injuries (77%), maternal-neonatal

Low SDI
Low–Middle SDI
Middle SDI
High–Middle SDI
High SDI

Fig. 2.3 Socio-demographic Index (SDI) is calculated for each geography as a function of lag-dependent income per capita, average educational attainment
in the population older than age 15 years, and the total fertility rate. SDI units are interpretable; a zero represents the lowest level of income per capita and
educational attainment and highest total fertility rate observed during 1980–2015, whereas a one represents the highest income per capita and educational
attainment and lowest total fertility rate observed in the same period. Cutoffs on the SDI scale for the quintiles have been selected on the basis of examination
of the entire distribution of geographies 1980–2015. GBD, Global Burden of Disease. (From GBD 2015 Mortality and Causes of Death Collaborators. Global, regional,
and national life expectancy, all-cause mortality, and cause-specific mortality for 249 causes of death, 1980–2015: a systematic analysis for the Global Burden of Disease
Study 2015. Lancet. 2016;388[10053]:1459–1544. Copyright © 2017 The Author[s]. Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.)
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1990 rank

Global
Both sexes, all ages, DALYs Per 100,000

2016 rank
Communicable, maternal,
neonatal, and nutritional
diseases

1 Diarrhea/LRI/other

1 Cardiovascular diseases

2 Cardiovascular diseases

2 Diarrhea/LRI/other

3 Neonatal disorders

3 Neoplasms

Noncommunicable diseases

4 Other noncommunicable

4 Other noncommunicable

Injuries

5 Neoplasms

5 Neonatal disorders

6 Unintentional Inj

6 Mental disorders

7 Mental disorders

7 Musculoskeletal disorders

8 NTDs and malaria

8 Diabetes/urog/blood/endo

10 Musculoskeletal disorders

9 Unintentional inj

12 Diabetes/urog/blood/endo

14 NTDs and malaria

1990 rank

Low SDI
Both sexes, all ages, DALYs Per 100,000

2016 rank

1 Diarrhea/LRI/other

1 Diarrhea/LRI/other

2 Neonatal disorders

2 Neonatal disorders

3 NTDs and malaria

3 NTDs and malaria

Communicable, maternal,
neonatal, and nutritional
diseases
Noncommunicable diseases

4 Nutritional deficiencies

4 HIV/AIDS & tuberculosis

Injuries

5 HJV/AlDS & tuberculosis

5 Cardiovascular diseases

6 Other noncommunicable

6 Other noncommunicable

7 Cardiovascular diseases

7 Nutritional defldencles

8 Unintentional Inj

8 Unintentional Inj

9 Other group I

9 Mental disorders

12 Mental disorders

12 Other group I

Fig. 2.4 Leading causes of death and disability-adjusted-life-years (DALYs), 1990–2016, global versus low Socio-Demographic Index (SDI). AIDS, Acquired
immunodeficiency syndrome; HIV, human immune virus. (From https://vizhub.healthdata.org/gbd-compare/. Reproduced under Creative Commons NonCommercial-No Derivatives 4.0 International License.)

conditions (14%), and digestive diseases (9%).26 Global
industrialization and an “epidemiological transition” (i.e.,
people living longer) in many LMICs have resulted in rising noncommunicable disease and injury burdens (most
notably from road traffic crashes) that will likely contribute
to increased global surgical disease burden in the coming
years.
Each of the methods previously described to estimate
surgical disease burden is imperfect. Challenges and limitations include complex methodologies (e.g., Institute for
Health Metrics and Evaluation [IHME], GBD Studies), difficulty with measuring and defining surgical diseases (e.g.,
the same neoplasm in one person may be treated with surgery but in another person may be treated with chemotherapy), and challenges in assigning DALYs to diseases
(i.e., disability weighting) and assigning DALYs averted to
surgical procedures.26 To overcome these shortcomings,
additional metrics for global surgery and anesthesia have
been proposed and include measuring disease prevalence,
treatment backlogs for non fatal conditions, morbidity and
mortality as a result of delays in care, social benefit, economic benefit, and value of a statistical life (rather than
costs per DALY averted).36
One significant role for the academic anesthesia community in the global context is working to increase efforts that

better quantify the growing surgical disease and pain burdens in order to facilitate appropriate resource allocation
and subsequent evaluation of interventions.!

Global Burden of Pain
As with surgical disease burden, there is general consensus
on the staggering prevalence and incidence of pain worldwide though there are relatively limited data and significant
challenges to quantifying pain burden in the global context.
Pain is one of the most common reasons for seeking medical attention, is among the top five causes of DALYs worldwide, and directly accounts for four (low back pain, neck
pain, musculoskeletal pain, migraine) of the top 10 causes
of years lived with disability (YLDs).32,37 These statistics do
not even account for pain secondary to oncology, injury, or
postoperative etiologies, which likely increase these numbers substantially. It is estimated that 10% to 25% of the
world’s population suffer from recurring and chronic pain,
with increasing numbers caused by intentional physical
harm such as war, violence, and torture.38 Uncontrolled
pain has many potential negative impacts on health, wellbeing, and economic productivity, including increased risk
of myocardial infarction and chronic pain.
The 2017 Lancet Commission on Palliative Care and
Pain Relief defined serious health-related suffering (SHS)
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as suffering associated with illness or injury that compromises physical, social, or emotional functioning,
and cannot be relieved without medical intervention.30
Approximately half of all deaths worldwide involve SHS
and more than 80% of people who die with SHS are from
LMICs. It is estimated that 2.5 million children die with
SHS each year. Ninety-eight percent of these children
live in LMICs, and more than 90% of these deaths are
avoidable. Among the top 10 conditions associated with
SHS are HIV, malignancy, and injury. Though not as
obvious as injury or cancer, HIV/AIDS is a major source
of pain and analgesia need.39 Pain related to HIV is not
routinely managed by anesthesiologists when compared
to other more common pain etiologies, however, the relevance of HIV as a rallying point to advocate for greater
access to analgesics in LMICs is discussed further in this
chapter. In many countries, conditions such as diabetes,
sickle cell, and leprosy are also responsible for significant
pain burdens. With increasing longevity and industrialization, the disease burden for malignancy and injury are
expected to increase significantly in LMICs. As providers
with often the most experience administering analgesics,
anesthesia providers play an expanded and critical role
in pain management, especially in resource-constrained
settings.!

Disparities in Access, Affordability, and Safety
The exact level of disease burden attributable to surgical disease or pain is a focus of ongoing debate and research, yet
it is generally accepted that the surgical, anesthesia, and
pain crises are massive, largely avoidable, and disproportionately affect LMICs. Of the roughly 300,000 maternal deaths
worldwide, 99% occur in low-resource settings (66% in subSaharan Africa) and the majority are preventable with relatively basic surgical, anesthesia, and perioperative care.40
Approximately 70% of global cancer deaths occur in LMICs,
with the majority requiring surgical, anesthesia, or analgesia services.41 Scaling access to basic surgical and anesthesia
services in LMICs could avert 77 million DALYs and 1.5 million deaths per year.26 Injury represents the majority (77%)
of this avoidable morbidity and mortality, followed by maternal and neonatal conditions (14%). Approximately 90% of
deaths and DALYs that are lost due to road traffic accidents
occur in LMICs.
Based solely on the inequitable distribution of operating theatres, more than two billion people have no access
to surgical services.42 When also accounting for timeliness, facility capacity, safety, and affordability, nearly 5 billion people—the majority of the world’s population—lack
access to surgical and anesthesia care. The Global Initiative for Children’s Surgery (GICS) estimates that 1.7 billion children lack access to surgical care.42a It is estimated
that approximately 143 million additional surgeries are
required each year.5 Of the 234 million major surgical procedures performed annually, only 3% to 6% of them are
estimated to occur in LIMCs.5,43 Disparities in access disproportionally affect lower-income areas like sub-Saharan
Africa or South Asia, where more than 95% of the population do not have access to surgical and anesthesia care. In
some higher-income areas like North America and Europe,
access varies considerably, but generally more than 95%
of the population has access (Fig. 2.5).44 Even in HIC like
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the United States, access to anesthesia, surgical, and analgesia care can be limited for rural and underserved populations.45,46 It is estimated that universal access to “essential”
surgical procedures (which include treatments for injury,
obstetric complications, abdominal emergencies, cataracts,
and congenital anomalies) would prevent approximately
1.5 million deaths per year or 6% to 7% of all preventable
deaths in LMICs.26
Inadequate access to analgesia is among the most
neglected and inequitable global public health challenges.
The global burden of pain disproportionately affects the
world’s poor due to the high-burden conditions associated
with pain (e.g., HIV, malignancy, and injury) in LMICs,
and the general lack of access to analgesics. Although
pain is the most common reason for seeking medical attention, and analgesia is considered a basic human right,
gaps in access to analgesia are significant and among the
most striking global health disparities worldwide.47–49
Injury and malignancy, two conditions with significant
analgesia needs, represent a significant proportion of surgical disease burden in LMICs, yet the vast majority of
LMIC populations have limited or nonexistent access to
opiate analgesia. Six HICs account for 80% of the world’s
opiate consumption, and countries that contain 17% of
the world’s population (Canada, United States, Western
Europe, Australia, and New Zealand) are responsible for
92% of the world’s opiate consumption (Figs. 2.6 and
2.7).30,50-52 Pain and palliative care remain relatively
neglected by the global health community and disproportionately affect vulnerable populations in LMICs.30,53
In recent decades, access to opiates has improved in some
LMICs, but not all (e.g., consumption in Africa and South
Asia has declined).52 Inequitable access to analgesia is
not unique to LMICs and has been repeatedly described in
many HICs, including the United States.54-56 Reasons for
the inequitable distribution of analgesia are discussed further in the next section of this chapter.
For the proportion of the world’s population that has access
to surgical and anesthesia care, they must confront significant disparities in safety. In the last half-century perioperative
patient safety has improved by more than 10-fold, though the
majority of the gains have been seen in HICs.57 In the United
States during the 21st century, anesthesia-related mortality
decreased from 1:1560 around 1950 to less than 1:13,000,
and is significantly better than this in healthy patients.58,59
Worldwide, approximately 32 million people per year receive
anesthesia without adequate monitoring, and more than
77,000 operating rooms (19%) worldwide lack pulse oximetry. In some regions, more than 70% of operating rooms lack
pulse oximetry.42 Data on surgical outcomes in LMICs remain
limited but have expanded significantly in the early part of the
21st century. Reports of perioperative mortality rates (POMRs)
from low-income countries (LICs) have varied widely in both
methodology and results, ranging from 0.2% to 6% overall,
with significantly higher mortality for emergent procedures
(10% overall, 20% for typhoid intestinal perforations).60–64
One international, prospective, observational cohort study of
adults undergoing inpatient surgery in 247 hospitals from 25
African countries reported a 30-day in-hospital mortality rate
(2.1%) that was twice the reported global average, despite a
significantly younger and lower American Society of Anesthesiologists (ASA) physical classification patient population.65
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Fig. 2.5 The proportion of population without access to surgery. (From Alkire BC, Raykar NP, Shrime MG, et al. Global access to surgical care: a modelling study. Lancet Glob Health. 2015;3:e316–e323. doi: 10.1016/S2214-109X(15)70115-4. Epub 2015 Apr 27. Copyright © 2015 Alkire et al. Open Access article
distributed under the terms of CC.)
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Fig. 2.6 Mean availability of opioids for pain management in 2011–2013. S-DDD, Defined daily doses for statistical purposes. (From Berterame S,
Erthal J, Thomas J, et al. Use of and barriers to access to opioid analgesics: a worldwide, regional, and national study. Lancet. 2016;387:1644–1656. https://doi.o
rg/10.1016/S0140-6736[16]00161-6. Copyright © 2015 Berterame et al. Open Access article distributed under the terms of CC.)
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Fig. 2.7 Distributed opioid morphine-equivalent (morphine in mg/patient in need of palliative care, average 2010–2013), and estimated percentage
of need that is met for the health conditions most associated with serious health-related suffering. (From Knaul FM, Bhadelia A, Rodriguez NM, et al. The
Lancet Commission on Palliative Care and Pain Relief—findings, recommendations, and future directions. Lancet Glob Health. 2018;6:S5–S6. Copyright © 2018
The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY 4.0 license.)

In several African countries, anesthesia-related mortality
has been reported to be in the 1:100s (Malawi 1:504; Zimbabwe 1:482; Nigeria 1:387 for C-sections; Togo 1:133 to
1:250).66–69 In one report of 24-hour surgical outcomes in
Togo, 30 deaths occurred (total cases 1464), 22 were deemed
avoidable, and 11 were due to avoidable anesthesia complications.15 Another report from Togo reported a mortality rate of
1:250 and found less than half of the 26 facilities surveyed had
pulse oximetry, and none had capnography.70 In a national
report on maternal mortality in South Africa, nearly 2.35% of
recorded maternal mortalities were anesthesia related, and the
majority (93%) were deemed avoidable. One of the most common causes of anesthesia death in this report was the provision of spinal anesthesia without skills necessary to manage an
airway or convert to general anesthesia.71 Other commonly
cited causes of avoidable anesthesia mortality in resourceconstrained settings include inadequate staffing, monitoring,
and drug overdose. A recent meta-analysis of anesthesiarelated maternal mortality in LMICs found the risk of death
from anesthesia for women undergoing obstetric procedures
to be 1.2 per 1000 (vs. 3.8 per million in the United States),
with higher risk reported if general anesthesia was used or if
anesthesia was provided by a nonphysician72. In this analysis,
anesthesia was the cause in 2.8% of maternal deaths in LMICs
and 13.8% of all deaths during or after C-section in LMICs. To

state this differently, anesthesia-related maternal mortality is
300-fold higher for neuraxial and 900-fold higher for general
anesthesia than is reported in the United States.
It is important to note that the relationship between
hospital-based perioperative morbidity and mortality and
surgical disease morbidity and mortality must be interpreted with caution in settings where patients lack access
to hospitals. In other words, in an HIC a patient’s chances
of dying from a ruptured viscous are roughly the same as
the chances of dying from surgery for a ruptured viscous
because more than 95% of the population has access to
care. However, in an LIC, while the perioperative mortality
for a ruptured viscous may be 10%, the majority of patients
with this condition never make it to surgery and have mortality rates that are dramatically higher.
Affordability is another significant barrier to accessing
surgical and anesthesia services. Each year, approximately
33 million people face catastrophic out-of-pocket expenditure due to payment for surgery and anesthesia (Fig. 2.8)
with an additional 48 million people facing catastrophic
expenditure related to non medical costs of accessing surgical care (e.g., transportation, lodging, and food).5,73
Nearly half (3.7 billion) of the world’s population is at risk
of catastrophic expenditure if they were to have surgical
and anesthesia care. The majority of those at risk live in
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Fig. 2.8 Risk of catastrophic expenditure for surgical care in 2014 (% of people at risk). (Data from http://databank.worldbank.org/data/home.aspx. Originally printed: http://blogs.worldbank.org/opendata/africacan/pt/comment/reply/2341. Copyright © 2018 The World Bank. Reproduced under CC BY 4.0
license.)

sub-Saharan Africa, and South and Southeast Asia. The
issue of affordability applies not only to surgery itself but
also to components of perioperative care including analgesia and transfusions.74 For example, in South America,
a monthly prescription of opiate for chronic pain may cost
200% of annual income.57 In India (where nominal gross
national income per capita is $1670), a unit of blood often
costs up to $247 despite a legal limit of $25.75,76 Global
health and development leaders including the WHO and
World Bank prioritize financial risk protection as a key component of achieving universal health coverage goals for all
countries. Despite relatively high out-of-pocket costs at the
individual level for some procedures, surgery is a highly
cost-effective public health intervention as discussed further in the following sections.!

GLOBAL ANESTHESIA, SURGERY, AND
PAIN CRISES: ORIGINS AND AREAS FOR
INTERVENTION
Workforce shortages, inadequate infrastructure, lack of
policy and prioritization, and increasing burden of surgical disease are among many factors contributing to current
limitations in access, affordability, and safety of anesthesia
and surgical services worldwide.77 As previously discussed,
global industrialization and an “epidemiological transition”
in many LMICs have resulted in rising noncommunicable
disease and injury burdens with lagging investment to
address these issues. While these fundamental imbalances
between healthcare needs and healthcare resources underlie much of the current global surgery, anesthesia, and pain
crises, several additional factors have also contributed.

Misperceptions and Limited Data
Two common misperceptions about surgery and anesthesia have contributed to the delayed recognition of these
fields as global public health priorities: (1) the scope and

scale of surgical disease and pain burdens were vastly
underestimated; and (2) surgical and anesthesia care
were erroneously assumed to be too expensive and technology dependent to be done safely or cost-effectively in
resource-constrained environments. In this section we
discuss reasons why the surgical disease and pain burdens are historically poorly characterized. Misperceptions
about cost-effectiveness and feasibility of safe surgery and
anesthesia care also have roots in a historical data void,
especially from LMICs.
Several innovative service delivery models in the public
and private sectors of LMICs (e.g., Indus hospital, Aravind
Eye Hospitals, and Narayana Hrudayalaya Heart Hospital)
have demonstrated that it is feasible to provide cost-effective, safe, and affordable surgical and anesthesia care in
resource-constrained countries.78–81
Recent data have consistently demonstrated that surgical
services are among the most cost-effective public health interventions (Fig. 2.9). There are several methods to define costeffectiveness thresholds, each with pros and cons.82 One of the
most commonly cited methods uses GDP-based thresholds.
This approach was suggested by the WHO Commission on
Macroeconomics and Health and has been defined by authors
from the WHO’s Choosing Interventions that are Cost–Effective project (WHO-CHOICE) as, “interventions that avert one
DALY for less than average per capita income for a given country or region are considered very cost–effective; interventions
that cost less than three times average per capita income per
DALY averted are still considered cost–effective; and those that
exceed this level are considered not cost–effective.”83
In 2003 in Bangladesh, one of the earliest cost-effectiveness studies on surgical care reported the cost of emergency
obstetric care at less than $11 per DALY averted.16 This
was 3 times more cost-effective than the measles vaccine
(in 2003 dollars). The DCP2 and DCP3 demonstrated costeffectiveness of the first-level surgical hospital, with essential surgical services all being highly cost effective and many
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Fig. 2.9 Cost-effectiveness of surgery in low-income and middle-income countries compared with other public health interventions. Data points are
medians, error bars show range. Surgical interventions are denoted by the diamonds and solid lines, public health interventions by the circles and
dashed lines. BCG, Bacillus Calmette–Guérin; DALY, disability-adjusted life-year; HIV, human immune virus. (Source: Chao TE, Sharma K, Mandigo M, et al.
Cost-effectiveness of surgery and its policy implications for global health: a systematic review and analysis. Lancet Glob Health. 2014;2:e334–e345. Copyright ©
2015 Elsevier Ltd. Creative Commons Attribution License [CC BY].)

costing $10 to $100 per DALY averted. This is comparable
to the cost-effectiveness of other public health interventions such as immunizations ($13-$26 per DALY) or bed
nets for malaria prevention ($6-$22 per DALY), and much
more cost-effective than other high-priority public health
interventions such as HIV treatment ($500 per DALY).84 A
recent analysis of the cost-effectiveness of a pediatric operating room in Uganda found a cost of $6.39 per DALY averted
and $397.95 per life saved, with a net economic benefit of
over US$5 million per year (cost of $41,000 per year).85
In a 2012 forum hosted by the Copenhagen Consensus,
five leading health economists, including four Nobel laureates, were asked how best to spend US$75 billion over 4
years to “advance global welfare,” especially in LMICs. The
leading priority identified by the group was the expansion of
surgical care capacity (US$3 billion per year).86
In the past 5 years the global surgery and anesthesia communities have expanded the volume of data that dispel prior
misconceptions and support prioritization of surgical and
anesthesia care in the global health agenda. During this timeframe, there has also been an explosion of articles that expand
available data on a wide range of global anesthesia and surgical topics. The majority of these articles have been published in
the surgical journals though recently anesthesia publications
have begun to actively support global anesthesia research.
The global anesthesia community must increase research productivity in global health and also invest in advocacy, policy,
and implementation sciences in order to ensure impact.!

Advocacy and Policy
There are many reasons why surgery, anesthesia, and pain
have historically not been prioritized by national health
systems, donors, or the broader global health community.
Although surgical disease accounts for 30% of global disease
burden, less than 1% of development assistance for health
supports delivery of anesthesia and surgical care.87 Imbalance between resource allocation and disease burden is
found in many health conditions, though the degree of this
disparity for surgical disease and pain is particularly striking.

As discussed previously, lack of disease burden data
and misperceptions about safety and cost-effectiveness
have significantly hindered advocacy efforts for global
anesthesia and surgery. In a qualitative analysis of
factors that have hindered political prioritization for
global surgery, several additional factors were identified
including: fragmentation of the global surgery community, lack of leadership and consensus, and inadequate
political strategy (e.g., not capitalizing on opportunities
such as the MDGs).88 In another analysis to determine
why certain disease-specific global health networks are
relatively more or less effective than others, four common challenges were highlighted, each with relevance
to global anesthesia and surgery: (1) defining the problem and how it should be addressed; (2) positioning the
issue in a way to inspire action by external audiences; (3)
building coalitions that include stakeholders outside the
healthcare sector (coalitions are too often dominated by
HIC providers); and (4) creating governance institutions
that facilitate collective action (Fig. 2.10).89 Another
study that examined factors influencing prioritization
of surgery in national health systems concluded that
sustained advocacy, effective framing of problems and
solutions, robust country-level data, and support from
regional and international partners were critical for success but often lacking.90
Advocacy efforts for surgery, anesthesia, and pain face a
few additional and relatively unique challenges. Unlike infectious diseases such as HIV or Ebola, surgical disease and pain
are not pandemic and do not incite similar action by the
HIC donor community. Furthermore, most surgical conditions and pain are difficult to advertise and are not disease
specific. While select pediatric conditions (e.g., cleft lips) are
easily marketable, other conditions like trauma, hernias, and
cesarean section are more difficult to compassionately portray in media in attempts to improve public awareness.
The WHA resolution 68.15 emphasized advocacy and
resource development in five key focus areas for global surgery
(workforce, essential medicines, information management,
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Fig. 2.10 Four challenges that global health networks face. (From Shiffman J. Four challenges that global health networks face. Int J Health Policy Manag.
2017;6[4]:183–189. Copyright © 2018 The Author[s]. Published by Kerman University of Medical Sciences. This is an open access article under the CC BY 4.0
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service delivery, and advocacy). The LCOGS provided clear
framing of problems (see Box 2.2), outlined priorities for
country-level data collection, and helped to provide frameworks for national surgical, obstetric, and anesthesia plans
(NSOAPs) in LMICs. As more NSOAPs are produced, they
have the potential to serve as key rallying points for national
advocacy efforts.
Anesthesia, surgery, and pain need global champions.
Only recently has advocacy by leading global organization
(e.g., the World Bank, WHO) and select local governments
in LMICs focused attention on anesthesia and surgery in the
global context. This is in part due to advocacy efforts by several relatively recent initiatives (e.g., LCOGS, The Global Alliance for Surgical, Obstetric, Trauma, and Anaesthesia Care
[G4 Alliance], WFSA, GICS, and several more). These multidisciplinary efforts must be expanded and sustained in order
to reach the critical mass needed to overcome prior misperceptions and affect change. It is essential that advocacy
efforts for surgery, anesthesia, and pain be consistent with
the key messages of LCOGS, the Global Health 2035 Report,
WHA resolution 68.15, and the SDGs, and emphasize that
anesthesia, surgery, and analgesia are indispensable components of “universal health coverage.” No longer can surgery
be seen as a vertical (i.e., disease-specific) program.
One key objective for advocacy efforts will be to identify
new streams of funding from global donors, national budgets, private sectors, and innovative models. Similar to the
large-scale funding initiatives to combat HIV/AIDS and
other infectious diseases (e.g., the U.S. President’s Emergency Plan for AIDS relief, Gavi Vaccine Alliance, The
Global Fund), surgery and pain require comparable attention and support. In addition to domestic and international
financing mechanisms to support health system scale-up,
public-private partnerships and innovative patient-level
financial risk protection strategies must be integral components to advocacy efforts.5
As leaders in safety, pain, perioperative care, and more,
the global anesthesia community must actively engage in
policy, research, and innovative global initiatives to expand
access to quality care. Academic institutions from all countries can play a significant role in supporting a coordinated
research agenda, creating a global voice for advocacy,

sharing information, and harmonizing educational standards and opportunities. Anesthesia must follow the lead
of other medical disciplines to not only cultivate but also
support faculty and trainees with interests in global public
health careers. Such advocacy will likely require coordination and partnership with multiple disciplines, including
nonphysician provider cadres who perform a significant
proportion of anesthesia services, especially in LICs.91!

Workforce Shortages and Strategies for Expansion
The critical shortage of trained anesthesia providers in
resource-constrained settings is one of the most significant
barriers to expanding access to safe surgical, anesthesia,
and pain services for billions of people worldwide. Although
shortages of many key members of the surgical workforce
exist (including surgeons, obstetricians, pathologists, radiologists, laboratory technicians, nurses, biomedical engineers,
and more), anesthesia provider shortages in LMICs are particularly striking and relatively neglected. Countries like the
Central African Republic have no physician anesthesiologists
and only 24 nonphysician anesthesia providers (NPAPs) for
a population of nearly 5 million. Ethiopia, with a population
of over 100 million people, has only 35 physician specialist anesthesiologists. A survey of emergency obstetric care
capacity at facilities in Uganda found that lack of staff had
the greatest correlation with observed mortality rates.92 In a
survey of 64 public and private hospitals in Uganda, 84% did
not have a physician specialist anesthesiologist, and 8% had
no trained anesthesia providers at all.93 In another survey of
anesthesia providers from five main referral hospitals in East
Africa (Uganda, Kenya, Tanzania, Rwanda, and Burundi),
only 7% reported adequate anesthesia staffing.94 In settings
where providers exist but in small numbers, the workforce
shortage is compounded by heavy administrative burdens
and non-clinical duties.
While the anesthesia workforce shortage is most severe
in LICs and particularly pronounced in sub-Saharan Africa,
regional workforce shortages also exist in HICs and can significantly limit access to care for rural populations.95,96 In one
survey of rural hospitals in the United States, 36% reported
delay or cancellation of surgery due to a lack of anesthesia providers.97 Data from HICs demonstrate differences in trauma
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Fig. 2.11 Life expectancy tends to be higher in countries with a surgical workforce larger than 20 workers per 100,000 people. (Data source: http://da
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mortality are significantly worse starting at five miles from a
trauma center in a major urban city.98 One can only imagine
outcome differences in settings where there may be no surgical
or anesthesia provider for tens or even hundreds of miles.
The optimal number of specialist surgical, anesthetic, and
obstetric workforce (SAO) providers needed to give access to
safe surgery is unknown and likely to vary significantly based
on local resources and needs. The SAO density correlates with
life-expectancy and in one study, as SAO providers increased
from 0 to 20 per 100,000 population, maternal mortality
decreased by 13.1% for each 10 unit increase in provider
density (Fig. 2.11). These benefits were also observed with
workforce expansion beyond 20, though with less magnitude beyond 30 and 40 providers per 100,000 (Fig. 2.12).99
Based on these findings, the LCOGS recommended prioritizing expansion of the SAO workforce to 20 per 100,000 population by 2030, with anesthesia-specific targets of 5 to 10
anesthesia providers per 100,000.100
The density of SAO providers has been estimated at 0.7
per 100,000 population for LICs as compared with 56.9
per 100,000 population for HICs.101 Worldwide, 77 countries report an anesthesia provider density less than 5 per
100,000, with a 90-fold difference between the average
physician workforce density in HICs as compared to LICs.
The anesthesia workforce crisis is most severe in sub-Saharan Africa, where most countries have approximately 1.0
physician anesthesiologist per 100,000 population as compared to approximately 19 in Europe or 21 per 100,000 in
the United States (Fig. 2.13).100 Twenty-six countries in
sub-Saharan Africa reported less than 0.5 physician anesthesia providers (PAPs) per 100,000. In many LICs, NPAPs
provide the majority of anesthesia care. When NPAPs are
included in calculations of total anesthesia provider density, 16 countries in sub-Saharan Africa still report less
than 1 anesthesia provider per 100,000, and worldwide
70 countries still report less than 5 anesthesia providers
per 100,000 population. Estimates from the WHO Global

Surgical Workforce database demonstrate that 12% of the
SAO workforce provides care for approximately a third of
the world’s population.101 Worldwide, LICs and LMICs
have 48% of the world’s population but only 20% of the
SAO workforce.
Multiple factors have contributed to the ongoing surgical
and anesthesia workforce crises in LMICs, including limited
training infrastructure, relatively low professional status,
lack of career advancement (especially for NPAPs), perceived
limited job opportunities relative to other professions (e.g.,
infectious disease in LMICs), cost of training, inefficient hiring
mechanisms, provider burnout, as well as internal (e.g., private practice in urban settings) and external brain drain (e.g.,
leaving the country).102,103 Lack of consensus on anesthesia
practice models and polarized views on who should provide
anesthesia care (i.e., physician versus nonphysician, supervised versus independent) are additional factors limiting a
clear path for rapidly scaling the global anesthesia workforce
(Table 2.3).91 Task-sharing is a prominent and controversial
component of many surgical workforce expansion efforts.
Each of the aforementioned challenges must be addressed
as part of any national or international effort to expand the
anesthesia workforce. The long-term goal of building robust
training infrastructures in low-resource settings requires
locally led plans for national advocacy, implementation,
and evaluation. Such efforts can benefit from international
investment and collaboration.104-108
Significant heterogeneity in anesthesia care models exists
worldwide. Although the varied anesthesia practice and
training models have evolved to address different local needs
and challenges, excess heterogeneity and lack of consensus
on anesthesia workforce strategy may provide an additional
challenge to global workforce expansion. For example, within
sub-Saharan Africa, formal nonphysician training programs
range from 3 to 72 months in duration with widely different
entry requirements, no standardized curricula or assessment
tools, and different scopes of practice. For countries seeking
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Fig. 2.12 Specialist surgical workforce density and maternal survival. A surgical workforce density of less than 20 per 100,000 specialist surgeons,
anesthesiologists, and obstetricians correlates with lower rates of maternal survival. Maternal survival per 100,000 livebirths = 98,292!×!ln (workforce
density)!+!99,579. (From Meara JG, Leather AJ, Hagander L, et al. Global Surgery 2030: evidence and solutions for achieving health, welfare, and economic
development. Lancet. 2015;386:569–624. Data from Holmer H, Shrime MG, Riesel JN, et al. Towards closing the gap of the global surgeon, anaesthesiologist
and obstetrician workforce: thresholds and projections towards 2030. Lancet. 2015;385(suppl 2):S40. Copyright © 2018 The Author(s). Published by Elsevier Ltd.
This is an open access article under the CC BY 4.0 license.)
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to increase anesthesia provider numbers, no clear roadmap
exists. In most of these countries, task-sharing with NPAPs will
likely play a key role in workforce expansion efforts. Collaborative efforts involving stakeholders from different countries and
different anesthesia provider cadres can support anesthesia
workforce expansion efforts by offering frameworks for anesthesia training, competency assessments, and potential practice models that are feasible with local resources and that meet
local needs. Initiatives that ensure quality (e.g., education
programs, credentialing bodies, and licensing exams) are as
important as those that focus on increasing absolute numbers.
The global anesthesia community can play a significant role
via advocacy, research, education, and partnership to address
many of the challenges that have created the current global
anesthesia workforce crisis.!

Infrastructure Challenges
The provision of surgical and anesthesia care requires
infrastructure that is often lacking in many LMICs. As discussed elsewhere in this chapter, such infrastructure does
not necessarily need to be high-cost or based on advanced
technologies to provide safe care. In addition to the provider
shortages already discussed, additional infrastructure challenges that frequently limit surgical and anesthesia service
delivery include: underdeveloped patient referral and prehospital systems, medication and equipment shortages, and
inadequate supply chains and facility resources.
In maternal health, and more recently for surgery and
anesthesia, a “three delays framework” has been used to
describe factors delaying timely access to safe healthcare
services.5 The “first delay” in this model (delay in seeking
care) may occur due to financial, cultural, education, or
other patient factors. Anecdotally, fear of bad surgical outcomes (whether true or not) and more specifically a fear
of anesthesia may also contribute to the “first delay.” The
second and third delays are more directly linked to infrastructure limitations. The “second delay” (delay in reaching
care) occurs when health facilities cannot be reached in a
timely manner and may be due to geographic distance or
challenges with transportation (e.g., bad road conditions,
no access to a car, no money for public transport). Although
efforts to improve healthcare infrastructure often focus on
facility-based interventions, emphasis on infrastructure
that minimizes this “second delay” is underappreciated
despite evidence of cost-effectiveness.109 For example, the
lack of prehospital care systems in many LMICs is a significant source of avoidable morbidity and mortality. The
DCP3 estimates that 4.7 million deaths in LMICs each year
are due to surgical conditions that are potentially addressable through prehospital and emergency care systems. In
Uganda, less than 25% of the population lives within 2
hours of a surgical facility, and worldwide approximately 2
billion people lack access due to this second delay.
When discussing infrastructure limitations, most people
think of the “third delay” (delay in receiving care), which
occurs when patients reach a facility but may not receive
adequate care because of limitations in facility resources.
Data from 800 first-level health facilities in LICs demonstrate that relatively few first-level hospitals could provide
C-sections (64%), laparotomies (58%), or open fracture
repairs (40%), and most did not have reliable electricity
(31%), running water (22%), oxygen (24%), or Internet
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access. Without reliable utilities, standard equipment like
monitors, ventilators, anesthesia machines, and autoclaves
are often not functional, assuming they are even present at
all. In recent years, the number of surgical and anesthesia
capacity assessment tools increased significantly, although
most tools have focused on surgical care with limited ability
to assess anesthesia or analgesia capacity.110–117
The WHO Surgical Safety Checklist includes requirements
for pulse oximetry, anesthesia machine check, and confirmation of instrument sterility, yet these may not currently
be feasible in many LMIC health facilities. As the consensus
on what constitutes “essential” or “standard” anesthesia
and surgical safety equipment is evolving, it is universally
agreed that far too many health facilities face routine shortages of even the most basic anesthesia equipment.
Inadequate access to indicator strips, maintenance support, power, and distilled water result in low compliance
with the 2016 WHO/Pan American Health Organization
(PAHO) standards for cleaning, disinfection, and sterilization in most LMICs.118,119 In a survey of 28 district hospitals
in Zambia, 35% did not have a laryngoscope.120 A study
from Nigeria found that most facilities could not provide
general anesthesia (53%); another survey in the Democratic
Republic of Congo demonstrated 40% of hospitals lack suction, and in Guatemala only 17% of facilities surveyed had
capnography.121,122 In Uganda, a 2014 survey of health
facilities that offer emergency services and surgical care
revealed only 22% had pediatric airway equipment, 41%
adult airway equipment, and 28% a pulse oximeter.123 In
one survey about obstetric operating room capacity in the
five main referral hospitals in East Africa (Uganda, Kenya,
Tanzania, Rwanda, and Burundi), only 4% of the providers
surveyed reported the presence of electrocardiograph (ECG),
pulse oximetry, continuous blood pressure monitoring, capnography, thermometer, stethoscope, difficult airway cart,
suction machine, recovery room, and intensive care unit
(ICU) facilities.94 Access to reliable oxygen is a common
problem in resource-constrained health systems. In such
settings, oxygen is rarely available through central pressurized gas lines and more often provided via tanks or oxygen
concentrators, the latter of which has been shown to offer
long-term cost savings and increased reliability.124 (Further
discussion of oxygen supply challenges in resource-limited
settings is provided in the section, Essentials for Practice in
Resource-Constrained Settings of this chapter)
Equipment donations are common in LMICs, however,
they often have limited long-term impact and multiple
unintended consequences. Donations are frequently made
with limited understanding of local needs, lack of communication between donor and recipient, and absence of
ongoing technical support or access to consumables. Wellintentioned donors are often unaware of WHO Guidelines
for Medical Device Donation, or of the fact that purchase
costs account for only 20% of total lifetime costs for a piece
of equipment.125 As a result, up to 30% of donated equipment may only transiently or never become operational,
and commonly accumulates in equipment graveyards
because of a sense of obligation by recipients to not throw
anything away. For example, donations of modern anesthesia machines from HICs is commonly encountered in many
LMICs. Without reliable power, pressurized gas supplies,
biomedical support, or access to disposables (e.g., carbon
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TABLE 2.3 Heterogeneity in Global Anesthesia Workforce
Population (millions)

Australia

Canada

China

Colombia

Fiji

India

Lebanon

24.1

36.3

1,379

45.5

0.9

1,324

6

GNI per capita (USD)

$54,230

$43,880

$8,250

$6,310

$4,780

$1,670

$7,980

Year formed as a
specialty

1952

1910

1989

1963

1970

1964

1954

*Specialist physician
anesthesiologists

5,535

3,318

71,698

3,600

18

25,000

500

*Nonphysician anesthetists

0

0

0

0

0

0

70

Anesthesia providers per 100,000
people†

23.0

9.1

5.2

7.9

2.0

1.9

9.5

Years of post-second- 12
ary education to
qualify as specialist
physician anesthesiologist

13

11

10

13

8

11

Duration of physician 5
specialist training

5

3

3

4

4†

4

Physician specialist Yes

Yes

Yes

Yes

Yes

Yes

Yes

Physician nonspecialist

Yes

Yes

No

No

No

No

No

Nurse anesthetist

No

No

No

No

No

No

Yes

Non-nurse,
nonphysician
anesthetist

No

No**

No

No

No

No

Yes

Members of anesthesia care team

Key national challenges

Rural staffing
Rural staffing,
and training,
large rural
salaries at risk population
from governmental
defunding

Inconsistent
Rural staffing and Workforce
Workforce short- Regional instabilmedical traininequity, low
shortage, few
age, rural staffity, limited
ing, workforce
salaries, high
specialist job
ing, polarized
resources and
shortage limiting
workload
posts, limited
views on taskworkforce,
obstetric and
postgradusharing, poverty
large refugee
NORA coverage
ate funding,
population
limited access to
(∼1⁄3 population)
resources

Critical care

Yes

Yes

No

Yes

Yes

Yes

No

Cardiac anesthesia

No

Yes

Yes

Yes

No

Yes

Yes

Pediatric
anesthesia

No

Yes

Yes

No

No

Yes

No

Regional
anesthesia

No

Yes

Yes

No

No

Yes

No

Obstetric
anesthesia

No

Yes

Yes

No

No

Yes

No

Subspecialty training programs

GNI, Gross national income.
*In many countries (e.g., South Africa) large numbers of physician non-specialists provide anesthesia, but accurate counts of these cadres are unavailable.
†Physician specialist anesthesia training in India includes 3 years anesthesia training after 1 year as a “house surgeon.”
**In Canada, Anesthesia Assistants are trained to perform many of the anesthesia tasks including intubation, extubation, maintenance of anesthesia
(including administering drugs) as directed by the anesthesiologist, but are not designated as the primary anesthesia provider for a given case.
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Mexico

Norway

Pakistan

Paraguay

Romania

South Africa

Uganda

USA

Vietnam

127.5

5.3

193.2

6.7

19.7

55.9

41.5

325.7

92.7

$9,040

$81,980

$1,500

$4,060

$9,480

$5,480

$630

$56,850

$2,060

1934

1949

1960

1973

1957

1935

1985

1940

1960

13,000

1,138

3,000

258

1,400

1,500

72

50,000

1,000

10

2,000

0

497

0

0

430

50,000

2,000

10.2

59.2

1.6

11.3

7.1

2.7

1.2

30.7

3.2

10

11

10

10

11

13

9

12

11

3

5

4

3

5

4

3

4

5

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

No

No

No

Yes

No

No

No

No

Yes

No

No

No

No

Yes

Yes

Yes

No

No

No

Yes

No

No

Yes

Yes

No

27

Rural staffing, Inadequate
Medication and
Inconsistent train- Workforce shortlarge rural
time for
workforce
ing standards for
ages, regional
population, non-clinical shortages,
non-physicians
staffing shortpolitical
activities
geographic
ages, no stanand civil
during
distribution and
dardized nurse
stability
training
inconsistent
curriculum
quality of care

Workforce short- Workforce
Rural access to Inconsistent
age, large
shortage, rural
specialists,
medicapoor and rural
staffing, high
high cost of
tion and
population,
workload, low
care, polarequipment
inequitable
remuneration,
ized views on access,
access to care
medication
task-sharing,
geoand equipmaternal
graphic
ment access,
mortality
distribupolarized
tion of
views on taskworkforce
sharing

Yes

Yes

Yes

No

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

No

No

No

No

Yes

No

Yes

Yes

No

No

No

No

No

Yes

Yes

Yes

No

No

No

No

No

No

Yes

Yes

Yes

Yes

No

No

No

No

No

Yes

Yes
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BOX 2.3 World Health Organization Essential Medicines List—Anesthesia Medications
General Anesthetics and Oxygen
!□!
!□!
!□!
!□!
!□!
!□!

Halothane, isoflurane, nitrous oxide
Oxygen
Ketamine
Propofol (or thiopental)
Bupivacaine
Lidocaine!

Muscle Relaxants
!□!
!□!
!□!
!□!
!□!

Atracurium
Neostigmine
Suxamethonium
Vecuronium
Pyridostigmine*!

Preoperative Medication and Sedation for Short-Term
Procedures
!□!
!□!
!□!

Atropine
Midazolam
Morphine!

Medicines for Pain and Palliative Care
!□!
!□!
!□!
!□!
!□!
!□!
!□!
!□!
!□!
!□!

Acetylsalicylic acid
Ibuprofen
Paracetamol
Codeine
Fentanyl transdermal (for cancer pain)
Morphine
Methadone
Dexamethasone
Amitriptyline
Diazepam

!□!
!□!

Haloperidol
Ondansetron!

Additional Medications†
!□!
!□!
!□!
!□!
!□!
!□!
!□!
!□!
!□!
!□!
!□!
!□!
!□!
!□!
!□!
!□!
!□!
!□!
!□!
!□!
!□!

Epinephrine
Hydrocortisone
Naloxone
Lorazepam
Enoxaparin
Heparin
Tranexamic acid
Digoxin
Verapamil
Amiodarone*
Hydralazine
Lasix
Sodium nitroprusside*
Dopamine*
Mannitol
Insulin
Glucose
Ergometrine
Misoprostol
Oxytocin
Misoprostol*!

Notable deletions
!□!
!□!
!□!
!□!

Ether (2005)
Ephedrine (1995)*
Magnesium sulfate (1988)
Pethidine (2003)

*Ephedrine is listed in the complementary list of medications in the 2017 20th Edition EML. The complementary list presents essential medicines for
priority diseases, for which specialized diagnostic or monitoring facilities, and/or specialist medical care, and/or specialist training are needed.
†Blood products, antiseptics, and antibiotics are included in the EML and not listed here.
Data from http://www.who.int/selection_medicines/committees/DELETIONS.pdf?ua=1.https://www.who.int/medicines/publications/essentialmedicin
es/20th_EML2017.pdf?ua=1/.

dioxide absorbent, humidity filters, circuit tubing), it is
sometimes hard to argue in favor of these machines.
Reliable access to medications and blood are two additional
common infrastructure challenges limiting access to safe surgery and anesthesia services worldwide. The WHO Essential
Medicines List includes medications to safely perform general
anesthesia, monitored anesthesia care (MAC), neuraxial,
regional, local anesthesia, as well as acute and chronic pain
management (Box 2.3).126 Despite the existence of the list
for more than 40 years, critical shortages of many medications persist. A WHO survey of all health facilities in Uganda
examined availability of twelve anesthetic drugs (atracurium, bupivacaine, halothane, isoflurane, desflurane, sevoflurane, ketamine, lidocaine 2%, lidocaine 5% heavy spinal
injection, midazolam, nitrous oxide, and suxamethonium)
and found that only 2% of the surgical health facilities had
all of these medications and only 19% had half.123 The same
WHO survey in the Democratic Republic of Congo found that
only 33% of hospitals had bupivacaine, 21% thiopental, and
16% halothane. Factors specifically affecting access to analgesics are discussed further in the next section, though supply chain, cold storage, and cost are common challenges that
limit availability for many drugs. Drug quality is also a factor
in some LMICs where variable manufacturing quality and

fraud (i.e., counterfeiting) are commonly encountered.127 It
is estimated that 1 in 10 medical products (e.g., medications)
found in LMICs are substandard or falsified and result in hundreds of thousands of deaths each year.128,129
The WHO Essential Medicines List also includes blood
products. Despite more than four decades of global advocacy
(1975 WHA28.72) for universal access to safe blood, limited
transfusion capacity significantly impacts the ability to provide safe surgery and anesthesia care, especially for rural and
LMIC populations. Most rural surgical facilities are unable to
provide consistent access to safe blood. Patients lack timely
access to safe blood as a result of several common challenges
including inadequate blood supply, distribution networks,
rural blood banking capacity, safety protocols, workforce
(e.g., pathologists, laboratory technicians), testing supplies,
and policy implementation, as well as high costs of blood and
high prevalence of infectious diseases.75,130,131 The whole
blood donation rate is used as an indicator of blood availability. The LCOGS recommends a minimum of 15 blood donations per 1000 people per year, yet this rate is 4.6 per 1000
people per year in LICs (compared with 32.1 per 1000 people
per year in HICs).5,132 Most LMICs cannot maintain adequate
supply from voluntary non-remunerated donors (VNRDs)
alone (as advocated by WHO), and the use of paid donors or
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family donors poses numerous logistic and safety concerns.75
According to WHO data, 71 countries collect the majority
of their blood supply from family or paid donors, 50% lack
capacity to separate blood components, and 23.5% of countries have less than 100% screening for at least one of these
transfusion-transmissible infections: HIV, hepatitis B, hepatitis C , or syphilis.132 For many LMICs, investment in transfusion infrastructure, expansion of transfusion research, and
advocacy (including rethinking of well-intentioned but context-limited policies such as VNRD-only mandates, requirements for onsite pathologists, and mandatory replacement
units) are critical areas for engagement by anesthesia providers in the greater global health community.75,133
There is an evolving consensus on global standards for anesthesia equipment, medications, and other infrastructure.3,117
As a result, most assessments of facility or national capacity
capture different data that may over- or underestimate current infrastructure limitations. For example, lack of access to
rocuronium, sevoflurane, or propofol does not necessarily indicate inability to safely perform anesthesia if suxamethonium,
halothane, isoflurane, or thiopental are available. Currently
efforts are underway by the WFSA, GICS, and other organizations to develop anesthesia-specific research tools to assist
LMICs in monitoring and evaluation of anesthesia capacity.116,117 The global anesthesia and surgical communities are
likely to benefit from continued collaboration and harmonization of efforts that assess global anesthesia infrastructure.!

Inequities in Analgesia
Five billion people worldwide have little or no access to
analgesia. As with the surgical disease crisis, inequities in
analgesia access are in part a result of the limited availability of data that quantify the problem. Unlike most traditional global health metrics that focus on extending healthy
life and productivity, alleviating pain may not always target
these same goals (e.g., acute surgical pain relief and palliative care), thus adding to the complexity of quantifying pain
burden. Massive inequities in access to analgesia are also
attributed to several additional factors including advocacy
challenges (pain is not disease specific or easy to associate
with a “face”), limited training opportunities for healthcare
professions, fear of addiction and diversion, financing, supply chain limitations, cultural attitudes, and regulatory and
legal barriers (Box 2.4).52,53 In the ensuing discussion, we
consider some of these barriers and potential areas for intervention by the global anesthesia community.
Limited financial resources and infrastructure hinder
the ability of healthcare systems to deliver analgesia (i.e.,
effective supply chains) and limit the ability of patients to
afford such care. Countries with a lower GDP or human
development index have less access and use of opiates.53
Opiate prices in LMICs are often significantly higher relative to GDP. In the recent past in Argentina and Mexico, the
monthly cost of an opioid prescription for oncologic pain
was reported to be more than 200% the average monthly
income.74,134 In Rwanda, the reported price of injectable
morphine is 6 times the lowest cost reported in the International Drug Price Indicator Guide.30,135 Drivers of these
inflated prices include import costs, taxes, licensing fees,
storage and sales restrictions, and limited public finance
programs. International regulations and misconceptions
about pain treatment and addiction form the basis for many
of these interventions.
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BOX 2.4 Factors Affecting Access to and
Availability of Analgesia
Knowledge and Attitudes
!□!
!□!
!□!
!□!
!□!
!□!

Providers—limited training
Patients—limited health literacy
Opiophobia—fear of addiction, diversion, or side effects
Cultural attitudes and beliefs about pain
Limited data to estimate pain burden or accurate national analgesia needs
Challenging advocacy (pain is not disease specific or easy to
associate with a “face”)!

Regulations and Policy
!□!
!□!
!□!
!□!
!□!

Prohibitionist bias
Implementation requires significant resources
Onerous regulations (e.g., limits on who can prescribe, duration,
dose and indication)
Complex regulations create fear of prosecution among providers
Limited global advocacy efforts to expand analgesia access!

Economics and Financing
!□!
!□!
!□!
!□!

Poverty
Relatively high analgesic costs in LMICs
Costs of implementing/enforcing international regulations
Few mechanisms for financial protection from analgesic costs
(e.g., subsidies or UHC)!

Health Systems
!□!
!□!
!□!
!□!
!□!

Supply chains (timely import, procurement, storage, and distribution)
Limited analgesic options
Few providers trained/skilled to provide adequate analgesia
Inadequate number/distribution of facilities providing analgesia care
Limited national government capacity

LMIC, Low- and middle-income countries; UHC, universal health coverage.
Modified from: Berterame S, Erthal J, Thomas J, et al. Use of and barriers
to access to opioid analgesics: a worldwide, regional, and national
study. Lancet. 2016;387(10028):1644–1656.
Goucke CR, Chaudakshetrin P. Pain: a neglected problem in the lowresource setting. Anesth Analg. 2018;126(4):1283–1286.
INCB 2017 report https://www.incb.org/documents/Publications/Annual
Reports/AR2017/Annual_Report/E_2017_AR_ebook.pdf.
Misinformation about analgesia has biased knowledge
and attitudes among providers, patients, and policymakers, and has resulted in significant undertreatment of
pain. Several studies have demonstrated that the risk of
addiction associated with appropriate analgesic administration is significantly exaggerated and especially low for
acute, oncologic, or end-of-life pain.136 Nonetheless, widespread and excessive fears over diversion and addiction
have resulted in unnecessarily onerous regulatory barriers that often confuse tolerance and dependence, users
and addicts, and disproportionately affect poor and marginalized populations.137 In China, for example, a domestic ketamine abuse problem has led to repeat lobbying of
the International Narcotics Control Board (INCB) by the
Chinese government to reschedule ketamine as a schedule I drug for all countries. Such regulation would effectively remove the nearly ubiquitous access to ketamine in
LMICs, and further exacerbate the ongoing global pain crisis.138 Ketamine is inexpensive, accessible, and safe, and
as a result has become a critical resource for the provision
of safe and accessible anesthesia and analgesia services
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worldwide. Fortunately, attempts to restrict ketamine
have been promptly recognized as heartless and a violation of international regulatory policies.
Tramadol is another analgesic with frequently misunderstood pharmacology that is commonly found in LMICs. Tramadol is not controlled by international regulations, which
has led to its widespread availability for analgesia but also to its
abuse.139 Abuse is widely reported in many HICs (e.g., Canada)
and LMICs (e.g., many countries in Africa and the Middle East)
and is so severe that in countries like Cameroon, it can literally
be found in the groundwater as a result of human excretion.140
Tramadol is not considered an adequate substitute for opiates
and is not included in the WHO Essential Medicines List.
Contemporary legal and regulatory/policy frameworks
have significantly exacerbated disparities in access to analgesia care. In the wake of several key events in the 1800s that
fueled skyrocketing opioid abuse, including the Opium Wars
and invention of the hypodermic syringe, the beginning of the
20th century produced several of the first national and international efforts to restrict and regulate narcotics. This included
the first international conference on narcotics in 1909 (International Opium Convention in Shanghai) and the first multilateral drug treaty in 1912 (The Hague Opium Convention).
One of the most notable regulations of the 20th century is the
1961 UN Single Convention on Narcotic Drugs. The opening
sentence of the “Single Convention” recognizes, “…that the
medical use of narcotic drugs continues to be indispensable
for the relief of pain and suffering and that adequate provision must be made to ensure the availability of narcotic drugs
for such purposes…” The Single Convention set out to control the use and trade of plant-based drugs (opium, cannabis,
and cocaine) while also assuring availability for medical purposes.141 This regulation mandated government participation
(reporting national estimates of narcotic needs, meticulous
record keeping), regulated drug cultivation, restricted trade
to authorized international parties, and created the INCB. The
INCB was tasked with monitoring UN drug convention implementation and required each country to designate an enforcement office (e.g., the Drug Enforcement Administration [DEA]
in the United States). While most countries adopted this onerous regulation, most poor countries did not have the extensive
resources needed to enact all of these changes. The Single Convention’s “global estimates” system has been particularly difficult for many countries to implement. This system requires
all countries to provide an estimate of opiate need (for medical
purposes) in order to inform global production goals and limit
excess opiate supplies that are at risk for illicit use. Accurate
estimates require significant resources, and for many LMICs,
inability to provide accurate estimates translates directly to
inadequate supply. For example, 2017 opiate estimates for
Chad (population 14.5 million) predicted 341 g fentanyl, 249
g morphine, and 105 g codeine. When compared to estimates
from Canada (population 36.3 million: 150,000 g fentanyl,
4,750,000 g morphine, 40,020,000 g codeine, and 70 other
controlled substances) the disparity and gross underestimation is apparent.142 By approving such gross underestimates,
the INCB effectively is legally prohibiting patients from having
access to opiates. In times of humanitarian crisis, the Single
Convention impedes the ability to emergently augment local
analgesia capacity as became evident in the wake of the 2010
Haiti earthquake.143
Global regulations to curb illicit use have dominated
efforts to ensure access to analgesics for medical purposes

(or to ensure access to substance abuse treatment). In
1985, the Parliament of India passed the Narcotic Drugs
and Psychotropic Substances Act to enforce international
drug policy (e.g., the Single Convention). The Act’s onerous
regulations and extreme penalties (including the death penalty for certain drug-related crimes) resulted in more than
a 90% decrease in the medicinal use of morphine.144,145
This imbalance, referred to by some as “collateral damage
from the war on drugs,” disproportionately affects LMICs
and continues to cripple access to analgesics for the majority of the world’s population.143 Such bias has also impaired
scaleup of addiction treatment initiatives. For example,
addiction treatment (methadone and buprenorphine) was
not added to the WHO Essential Medicines List until 2006,
approximately 100 years after the passage of the earliest
narcotic regulations and 40 years after the list’s creation.
The prohibitory biases of prior international drug policy has resulted in numerous national regulatory barriers
that include limitations on who can prescribe, dispense,
or administer opiates, as well as limitations on indications
(e.g., postoperative but not cancer pain), dosages, or duration of therapy.137 For example, in Armenia only oncologists with the approval of multiple providers can prescribe
outpatient opiates, whereas in the Ukraine, healthcare
providers must travel to the patients’ homes to administer
outpatient opiates. In Jordan, the maximum duration of an
opiate prescription for oncologic pain is 10 days, and only
three days for all other conditions.146 These myriad regulations create an additional barrier by inducing fear of prosecution for noncompliance among health professionals,
thereby reducing provider willingness to prescribe. Lack of
adequate training opportunities for healthcare providers,
especially in LMICs, coupled with the rare use of analgesics
in clinical practice, create a cycle whereby fewer and fewer
providers feel comfortable prescribing opiates.
Several amendments to the Single Convention have been
enacted including the 1971 Convention of Psychotropic
Substances, the 1988 UN Convention Against Illicit Traffic
in Narcotic Drugs and Psychotropic Substances, the inclusion of morphine in the first WHO Essential Medicines List in
1977, and introduction of the WHO Pain Ladder in 1986.
Despite these efforts most of the world’s population remains
without reliable access to analgesia. Nearly 60 years after
the Single Convention, the number of drug abusers in many
countries is near all-time highs while 150 countries still
lack reliable access to analgesia. Even the UN’s SDGs, which
aim to set development priorities for the world, reflect the
prohibitory bias of prior international policies. SDG 3.5
calls for improved prevention and treatment for substance
abuse, including narcotics, but fails to mention pain or palliative care anywhere else in the SDGs.29
Advocacy and education efforts by the global stakeholders,
including the anesthesia community, as well as rethinking of
international analgesic policy (including the Single Convention) are essential for progress in addressing the global pain
crisis.125,147 Education for healthcare providers, policymakers, and the public can play a significant role in expanding
access to analgesia. Such efforts should focus on pharmacologic treatment strategies, but should also emphasize better
understanding and management of causes and contributors
to pain, including social and economic determinants. Efforts
by numerous Ministry of Health agencies have had small successes. In Vietnam and India, grassroots- and civil-society-led
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Fig. 2.14 Two operating theatre setups in Uganda, 2018. Left, The Ugandan Heart Institute. Right, Epstein, Macintosh, Oxford (EMO) ether vaporizer
at a first-level hospital providing surgical services. (Copyright © 2018 Cornelius Sendagire, reproduced with permission.)

policy initiatives to allay opiophobia and reduce institutional
licensing regulations have significantly increased access to
analgesia without an increased diversion.148–151 In Uganda,
advocacy efforts by the nongovernmental organization Hospice Africa Uganda helped convince the Uganda Ministry of
Health in 1993 to import morphine powder and to provide
domestically made morphine liquid free to all cancer or HIV/
AIDS patients. In 2004, the Uganda Ministry of Health legalized opioid prescribing by nurses and clinical officers with
palliative care training, which significantly expanded access
to analgesia especially in rural communities. The import
and domestic packaging of oral morphine for palliative care
has translated into greater access to oral morphine for the
anesthesia and surgical communities. A similar model is currently being adopted in Rwanda, Nigeria, Kenya, Swaziland,
and Malawi.152!

Section 2: Evolution of Anesthesia
Care Models and Challenges
Around the World
In the mid-19th century the use of inhaled anesthetics (e.g.,
most notably ether) began in HICs and spread relatively
quickly even to many relatively less resourced countries as
a consequence of colonial systems. Today, more than 170
years later, ether is still used in some LICs (Fig. 2.14). The
practice of anesthesia has changed significantly, though
these changes—including large improvements in patient
safety—disproportionately occurred in HICs. The practice of anesthesia varies widely between, and even within,
countries. Of the numerous challenges and factors that
have shaped this heterogeneity, many are shared by multiple countries regardless of income level. These include
common challenges such as inadequate workforce (number, composition, or distribution); high cost of care; limited
access for rural and poor populations; and lack of standards
for practice and training.
This section explores anesthesiology in six geographic
regions of the world, providing examples from countries of
diverse economic, political, and population backgrounds.

Regional variation in anesthesia care models including key
milestones in the development of these systems as well as
current challenges they face for providing access to safe,
affordable anesthesia care are highlighted. This section is
not intended to be comprehensive but to provide examples that are representative of the diversity in anesthesiology despite shared common objectives and many similar
challenges.

AFRICA
Africa is the second largest continent, with 1.2 billion
people, and the youngest population of all the continents
(median age ∼19 years vs. 38 years in the United States).
Africa is also the poorest continent. Recent estimates by
the World Bank demonstrate that 11% of the world’s population lives on less than US$1.90 per day, and most of
the world’s extreme poor (over 400 million people) live in
Africa (Fig. 2.15).153
Economically, Africa is growing fast with an annual
change in GDP for most countries of approximately 3%
to 6% (Uganda—an LIC 6.3%, South Africa—an upper
middle-income country 1.2%).154 Total health expenditure (THE) has grown more rapidly than GDP with average
increases in THE/GDP from 4.8% in 1995 to 5.9% in 2014
for the continent. Out-of-pocket payments as a proportion
of THE have also been decreasing (South Africa decreased
from around 17% in 1995 to approximately 5% in 2014,
and in Uganda from around 45% to around 40%).155
African countries have widely disparate health systems.
According to a recently published study on outcomes after
surgery in Africa, countries participating in the study
reported poor outcomes relative to higher-income regions
(despite healthier patients) and attributed worse outcomes
to limited resources and lack of access to surgical care.65
The public healthcare sectors of Uganda and South Africa
are, in many ways, representative of the current state of
anesthesia and surgical care in Africa.

Uganda (Mary T. Nabukenya and Sarah Hodges)
Uganda (population ∼40 million) is one the youngest and
most rapidly growing nations in the world (fertility rate
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Fig. 2.15 Where are the global poor living? The global poor, by region,
2013. (Source: Most recent estimates, based on 2013 data using PovcalNet [online analysis tool], World Bank, Washington, DC, http://iresearch.
worldbank.org/PovcalNet/. [Figure originally appeared in The World Bank
Group. Taking on Inequality, Poverty and Shared Prosperity 2016. Copyright © 2016 The World Bank. This image is reproduced under the CC BY
4.0 license.])

∼6). Uganda has a gross national income per capita of $630
(see Table 2.1) and despite recent increases in THE/GDP
(7.2% vs. 17.10% in the United States), many healthcare
challenges exist (life expectancy 56 years), especially with
regard to anesthesia and surgery.76,156
The first recorded anesthetic in Uganda was a cesarean
delivery in 1879 with the use of banana wine as the anesthetic.157 The first modern anesthetic (chloroform) was
given by Sir Albert Cook in 1897.158
Anesthesia was initially most commonly given by surgeons. Theater attendants and medical assistants were
also trained on the job to administer anesthesia. In the
1970s and early 1980s, a 2-year anesthesia diploma program (anesthetic assistants) was created. In 1985, during
a meeting of the Commonwealth Health Ministers of the
East, Central, and Southern Africa region, it was established that a medical background was vital for anesthesia provider training. This resulted in abolishment of the
“anesthetic assistant” programs and creation of a 2-year
diploma (anesthetic officers) in 1986 that required a
diploma in clinical medicine, nursing, or midwifery as a
prerequisite.
Until the 1980s, training of Ugandan physician anesthesiologists was primarily foreign-based, and due to
political turmoil, few returned to Uganda to practice. One
anesthesiologist returned in the mid-1970s and started the
Department of Anesthesia at Mulago Hospital (Kampala,
Uganda). Together, with an Australian anesthesiologist,
they established a 1-year Diploma in Anesthesia in 1985,
and the following year the Anesthesia Master of Medicine
(MMED), a 3-year residency program at the Makerere University Medical School. In 1990, with a total of 4 physician anesthesiologists and roughly 100 nonphysician

anesthetists in the country, the Uganda Society of Anesthetists was founded.
Today there are two physician MMED and three nonphysician diploma programs in Uganda. A new nonphysician, 4-year Bachelor’s in Anesthesia program was also
started in 2017. Each institution awards a qualification to
its graduates, as currently there is no accrediting body for
anesthesia in Uganda. Regionally, the College of Anesthesiologists for East, Central, and Southern Africa (CANECSA)
was founded in 2014 but has not started accreditations.
From 2000–18, the number of physician anesthesiologists in Uganda has increased from less than 10 to over
80, with the majority working near the capital (Kampala).
Nonphysician anesthetists outnumber the physician anesthesiologists by almost 6 times and are distributed widely
throughout the country where they usually practice
without supervision or team support. Despite increasing
numbers in recent years, vast shortages in the anesthesia
workforce limit access to care throughout the country. Over
the past decade, about 10% of physician anesthesiologists
have moved to other countries in Africa. This brain drain
has been reported in many other countries, including Francophone Africa under the Cotonou program, where brain
drain was reported at nearly 18%.108 In addition to this
external brain drain (i.e., emigrating to another country),
internal brain drain (e.g., leaving the public sector for private practice, staying in urban centers, or leaving the field
of anesthesiology) is also a significant challenge throughout the region. These moves are motivated by economic
incentives and political changes.
In 2007, the Ugandan health ministry established health
sub-districts in each county (about 150 countrywide), each
with an operating theater for provision of emergency obstetric and surgical care. Unfortunately, they were ill-equipped,
and many are nonfunctional. None of the 33 district hospitals have a physician anesthesiologist (despite position
vacancies), and only 4 of 13 regional referral hospitals have
an anesthesiologist on staff. There are currently 25 anesthesiologists in the national referral hospital together with
the teaching faculty in the two MMED programs. All other
physician anesthesiologists in Uganda are working in private hospitals and universities.
Safety standards in Uganda are based mainly on WFSA
guidelines, however, these are not strictly enforced.3 Compliance rates with the WHO Surgical Safety Checklist are
low as is capacity to comply with the checklist requirements. A survey of utilization of the checklist in major
East African hospitals showed variable compliance (19%
to 65%).94
Administration of ether anesthesia with the Epstein,
Macintosh, Oxford (EMO) vaporizer is still used in remote
locations of Uganda, although its use has declined significantly in recent years. Throughout the country there are a
wide range of configurations ranging from EMO drawover
setups to modern anesthesia machines for cardiac bypass
surgery (see Fig. 2.14). Limitations in reliable power, disposables, and oxygen are among the many infrastructure
challenges that affect daily anesthesia care in almost all
locations. Even with monitoring, there are significant differences in what is available ranging from a basic stethoscope and blood pressure cuff to monitors allowing for
invasive monitoring. In recent years, the scope of practice
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has expanded as more providers are completing subspecialty training abroad (e.g., pediatrics, cardiac, obstetrics,
critical care, and regional) and returning to practice and
teach locally.
Besides the nearly universal problem of remuneration,
the greatest challenge for anesthesia in Uganda is the massive imbalance between the workforce and the workload.
This imbalance coupled with ill-equipped workplaces makes
the provision of safe care difficult, and provider burnout is
commonplace.!

South Africa (Hyla Kluyts)
South Africa is home to approximately 56.5 million people
of diverse ethnicity and culture.159 Since the first democratic election in 1994 and the adoption of the South African Constitution in 1996, the country has been struggling
to address its inequalities. In health care, there have been
successes such as the decreasing incidence of HIV infections
and increasing life expectancy (from 55.2 years in 2002
to 62.4 years in 2016). South Africa has a gross national
income per capita of $5,480 (upper middle-income country), yet approximately 19% of the population live below
the World Bank poverty line (US$1.90 per day) and only
17% of the population have private medical insurance.76
The proportion of the population living below the extreme
poverty line is much higher than that of many other middle-income countries. A recent collaborative report by
the World Bank denotes South Africa as “one of the most
unequal countries in the world.”160 The South African
Department of Health is working toward universal health
coverage and a draft National Health Insurance Bill was
published in June 2018.160a
Ether was first used for dental extractions in Cape Town
in April 1847, and the first major operation under anesthesia was performed in June of the same year. The first
specialist anesthetist, British-born and -trained Dr. Bampfylde Daniel, was appointed at Johannesburg Hospital in
1907. The South African Society of Anaesthesiologists
(SASA) was founded in 1943 and was a founding member of the WFSA in 1955. SASA published its first Practice Guidelines in 1987, with five subsequent revisions,
including 2012 and 2018 revisions that adhere to the
WHO-WFSA International Standards on the Practice of
Safe Anaesthesia.161
Physicians are trained and accredited to provide anesthesia care as general practitioners or specialists. General practitioners are registered as independent practitioners after
completing 6 years of undergraduate study and 3 years of
supervised training as interns and subsequent communityservice medical officers. A general practitioner can obtain a
Diploma in Anaesthesia after 6 months of full-time supervised practice in an accredited institution. Specialists can
register as such after completing a 4-year postgraduate training period, completing of a research project, and successfully
passing the South African College of Anaesthetists’ final Fellowship examination.
The Health Professionals Council of South Africa
(HPCSA) certifies medical professionals and is the accreditation body for anesthesia training. Eight university
departments across the country are responsible for the
academic input and implementation of training pathways,
whereas the Provincial Departments of Health dictate
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the number of posts within these training pathways. The
curricula are determined by the Colleges of Medicine of
South Africa, which also is responsible for assessments and
examinations.
Anesthesia providers in South Africa consist of independent practitioners (general practitioners or specialists in both
private and public sectors) supplemented by interns, community service medical officers, specialist trainees, and foreign
physicians who do not qualify for registration as independent
practitioners and must work under supervision in the public
sector. Anesthetists in private practice in South Africa are
not hospital based and travel between hospitals according to
demand from surgical colleagues. The SASA therefore plays a
significant role in the private sector as a representative body
for clinician interaction with other stakeholders. In contrast,
all public sector anesthetists are employed by the provincial
Departments of Health at specific hospitals.
The already limited specialist anesthesia workforce is also
unequally distributed between the private and the public
sector, and between rural and urban areas in South Africa.
For example, approximately 1800 specialist anesthesiologists were registered with the HPCSA in 2017, of which
around 1100 specialists are SASA members, and of these,
790 work in the private sector. Roughly 9 million patients
are insured and cared for in the private sector.161 Unsatisfactory working conditions and remuneration are the
most commonly quoted reasons for anaesthetists leaving
the public sector for the private sector after registering as
specialists.
There is limited information available regarding the
number, distribution and training of non-specialist anesthesia providers in South Africa. The number of non-specialists choosing full-time anesthesia practice as a career
is relatively low and likely does not significantly address
the lack of anesthesia services available to the population
in either sectors of the healthcare system. At best, the estimated total number of anesthesia providers per 100,000
of the population is half of the minimum required for safe
care. No non-physicians provide anesthesia in South
Africa. Attempts have been made to train more doctors and
to recruit doctors to areas of need (e.g., implementation of
rural allowance payments). Anesthetists also form part of
the District Clinical Specialist Teams alongside the family
physicians, primary healthcare nurses, and specialist obstetricians. These teams were created to improve maternal and
neonatal mortality and morbidity at a district level, though
anesthesia posts within these teams remain largely unfilled
and are not considered mandatory for “minimal team”
standards.
Access is a major barrier because of the country’s geography and distribution of available resources. About one third
of the poorest population in South Africa have to travel at
least 20 km to the nearest hospital.160 Often these level 1
facilities provide obstetric surgery services but not surgical
services for the bellwether procedures largely because of the
failure to recognize basic surgical care as a public health
issue.
Information on anesthesia-related outcomes is not available on a national level, but some useful data are obtained
through reports from the National Committee for the Confidential Enquiry into Maternal Deaths.71 Surgical outcomes
for South Africa and Africa have been reported following
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recent multicenter studies.65 Regulation of healthcare
expenditure, improving access to essential surgical care
in rural parts of the country, and increasing data perioperative care and on resource distribution will be critical to
improving anesthesia and surgical care in South Africa.!

NORTH AMERICA
North American countries have widely different economic,
political, and healthcare systems. This section describes
examples from two HICs (Canada and the United States)
and one middle-income country (Mexico). These two HICs
have extremely different models of health care as well as
anesthesia services. Canada has a predominantly physician-based system and universal health coverage, while
the United States is split nearly equally between physician
and nonphysician providers. Mexico is physician-based, but
with a novel and controversial rural physician anesthesia
program. Haiti is the only LIC in North America and suffers
from shortages of healthcare providers that are orders of
magnitude worse than other countries in the region. There
are fewer than 100 anesthesiologists for the country’s population of 10.85 million, and most only work in the capital city. In 1998 Médecins Sans Frontières began a nurse
anesthetist training program in collaboration with the Ministry of Public Health and Population (independent from
The Haitian Medical Association and the Haitian Society of
Anesthesiologists), though numbers of nurse anesthetists
remain critically low.100,162

Canada (Tyler Law)
The first reported anesthetic in Canada was administered
in 1847, just after Morton’s demonstration in Boston, as a
result of the ship carrying the news from Boston to London,
via Halifax.163 The first formal anesthetic training program
began in 1910 in Toronto, and anesthesia as a profession
became formalized with the creation of the Canadian Anesthesiologists Association in 1943.164
PAPs undertake a 5-year specialist anesthesia residency
directly from medical school, or through the International
Medical Graduate program designed to train practicing
physicians from other countries to national standards. This
training focuses on the progressive, successful demonstration of task competency (termed entrustable professional
activities [EPAs]), rather than time-based rotation training.
The EPAs are consistent across residency programs, and
residents receive frequent feedback on their performance.
Residents must demonstrate competency in EPAs before
advancing to the next phase of training.165,166
The Royal College of Physicians and Surgeons of Canada sets accreditation standards and required competencies for anesthesiologists in conjunction with the training
programs. In conjunction with EPAs, the Royal College
certifies a national examination with written and oral components that tests knowledge, application of knowledge,
and clinical judgment. Standardized simulation scenarios
are being gradually introduced as a component of specialty
certification.
The count of physician anesthesiologists in Canada has
increased significantly from 2500 in 2005 to 3300 in
2018, resulting in a provider density of 9 anesthesiologists
per 100,000 population. In Canada, anesthetics are largely

given by specialist physicians, with several additional
healthcare provider cadres also administering anesthesia
care. Graduates of the two-year Family Medicine residency
may opt to take a 1-year “added skill” training program in
anesthesia. They practice anesthesia independently for less
acute patients and procedures, often in a community or
low-volume setting.
A small number of dentists administer both general
anesthesia and sedation for dental procedures, typically
in ambulatory settings in the clinic or hospital. A 3-year
training program undertaken after the completion of dental school enables them to care for ASA physical classification 1, 2, and stable 3 patients.167 The anesthesia care
team also includes anesthesia assistants, who undertake
a prescribed educational program (most often 1 year in
duration) and provide technical assistance with equipment
and perform clinical tasks (such as intubation or intraoperative medical management) under the supervision of an
anesthesiologist.
Guidelines for anesthesia practice have been established by the Canadian Anesthesiologists Association
and are regularly updated for the core elements of anesthesia practice in Canada, and guidelines from the ASA
and other international societies are commonly referenced. Notable elements of recent guidelines include
encouraging the use of a structured handover protocol,
and requiring capnography monitoring for moderate or
deeper sedation.168
Most anesthesiologists practice in academic health centers and community hospitals.169 The costs of most surgical, anesthetic, and postoperative inpatient care services
are covered under provincially administered public health
insurance schemes. Only 0.7% of private health spending is
directed toward physicians, so the market for private anesthetic services is small and usually restricted to services not
covered under public plans, such as dental and cosmetic
procedures.170
Despite universal health coverage and a relatively large
number of anesthesia providers, Canada still faces several
challenges relevant to anesthesia and surgical care. Canada
is the second largest country (by land mass) in the world,
and while much of the population is geographically clustered, rural areas suffer from the lack of consistent access
to health care, particularly lack of access to specialists
including anesthesiologists. Many northern communities
have sizable First Nations (indigenous) populations, who
are disproportionately underserved. Similar to the United
States, tension among anesthesia provider roles is an ongoing issue.!

Mexico (Gerardo Prieto)
The Aztec and Maya were among the earliest anesthetists
in Mexico and known for using herbal beverages to produce
analgesia, with adjuncts such as rattlesnake fangs, leeches,
porcupine needles, and the maguey needles to produce local
numbness.171 The Maya witch doctors were divided into
specialty groups according to the diseases that they either
cured or produced. The first mention is a witch doctor who
produced “sleepiness” called Ah Pul Uenel, who used plants
that produce hallucinations and nervous system stimulants. Also mentioned is Pul-Yahob who treated wounds
and pain with different rituals, plants, and animals.
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As in many countries, surgeons provided the first contemporary anesthetics in Mexico. The first ether anesthesia
in Mexico was performed in 1847 by the military surgeons
E. H. Barton and Pedro Vander Linden for a cannon ball
wound amputation, during the U.S. Intervention War in
Veracruz.172 In 1852, Dr. Pablo Martinez Del Rio used ether
in an obstetric patient during a session of the Medical Society. Dr. Ramos Alfaro is attributed as the founder of Mexican
anesthesia with his introduction of chloroform anesthesia
in 1852.173 In 1900, Dr. Juan Ramon Pardo Galindo performed the first spinal anesthetic in Mexico and Latin America. In 1934, the first formal diploma in anesthesiology (DA)
was awarded, and The Mexican Society of Anesthesiology
(Sociedad Mexicana de Anestesistas) was formed. In 1957
the first contemporary anesthesia residency programs were
formed, and in 1973 the Mexican Council of Anesthesia
was registered and was active until 2013 when it became
the National Council of Certification in Anesthesia (CNCA).
In Mexico, anesthesia training programs are 3 to 4 years
in duration after medical school and authorized by a university and a recognized institute of medicine. Once this program is completed, trainees must pass the National Council
of Certification in Anesthesia to receive a 5-year license.
Mexico has subspecialty training in cardiac, pediatric,
neuro, obstetrics and gynecology, and trauma anesthesia.
Mexico City is one of the most populated cities in the
world, absorbing an estimated 70% of all Mexican anesthesiologists in a 300-mile radius. Many factors make medical
access extremely difficult for large parts of the population,
such as the broad geographic distribution of the Mexican
population, rural indigenous tribes speaking different dialects, low per-capita income (gross national income per
capita US$16,176), and the concentration of healthcare
resources in urban areas.
In the wake of Mexico’s economic crisis in 1994, the
country was forced to evaluate how to improve access for
the most impoverished and marginalized parts of the population. The program that emerged was called PROGRESA
(Programa de Educación, Salud, y Alimenación) and was
designed to alleviate poverty by developing human capital. Part of this program aimed to fill the shortage of specialists working in rural environments. The government
and Mexican Social Security Institute established the idea
of training “rural specialists” in surgery, obstetrics, pediatrics, and anesthesiology. Medical school graduates who did
not pass the national examinations for admission to residency programs were enrolled and trained to work in rural
areas for as little as 6 months to 2 years (often with limited
educational resources). In many instances these providers
migrated to the larger cities or towns. Approximately 500
graduates have been trained by this program, and in 2016
the government ordered the National Council of Certification in Anesthesia to allow rural anesthesia graduates to
take the national examination. If these providers pass, they
are given a certificate for rural practice only. If they do not
pass the written examination in three attempts, they are
given the opportunity to complete a practical examination. The efficacy of this training and impact of the program
overall remain controversial.
In Mexico there are approximately 13,000 certified
anesthesia practitioners for 128 million people (7 per
100,000 population), with 70% located in central Mexico.
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Approximately 85% of surgical procedures are performed
in Government Social Hospitals and 15% in private practice. The Mexican Social Security Institute estimated that
2.5 million procedures were performed in 2015, and when
including all the government hospitals and private practices, it is estimated that well over 5 million anesthetic procedures are performed each year.8
Mexico faces significant challenges providing access
to anesthesia services outside of a few urban settings. In
2012, it was estimated that 21.5% of the population (∼25
million people) lacked access to health services. The country has relatively sufficient anesthesia training capacity
and increasing numbers of specialist anesthesiologists, yet
provider maldistribution is currently the dominant factor
limiting access. Additional challenges facing the anesthesia
community in Mexico include provider burnout, addiction,
and limited data on anesthesia safety.
A number of anesthesia patient safety initiatives are
ongoing in Mexico, including legal mandates (the “Norma
Oficial Mexicana de Anestesiologia 006”) that specify practice requirements for anesthesiologists and hospitals. Success of these efforts will be contingent on addressing each of
the challenges discussed previously.!

United States (Ronald D. Miller and Adrian
W. Gelb)
Anesthesia slowly gained acceptance as a medical specialty
in the United States after the initial ether demonstrations by
Morton in 1846. It was taught irregularly and informally
throughout the early 1900s as a task performed by medical students, interns, or nurses. A large proportion of anesthesia in the United States was provided by nurses, even
though the designation of Certified Registered Nurse Anesthetist (CRNA) was not formalized until 1956.
The first anesthesia society in the United States was the
Long Island Society of Anesthetists, established in 1905,
and the first department of anesthesia and residency program was established by Ralph Waters at the University
of Wisconsin in 1927. This program produced several key
leaders in anesthesiology directly (e.g., Cullen, Apgar, and
Rovenstein) and indirectly (Stoelting, Miller) (Fig. 2.16).
The American Board of Anesthesia (ABA) was formed in
1938 to serve as the certification body for anesthesiologists.
Anesthesia was recognized as a specialty by the American
Medical Association (AMA) in 1940, and the ASA was
established in its current form in 1945.163
Physician anesthesiologists in the United States must
obtain a medical degree (Doctor of Medicine or Doctor of
Osteopathic Medicine) followed by specialty (residency)
training in anesthesia. An undergraduate bachelor’s
degree (3-4 years) is required before entering medical
school.174 Residency in anesthesia lasts 4 years: 1 year of
general medical internship and 3 years of anesthesia and
perioperative medicine training. Residents rotate through
the operating room (including subspecialty cases), pain
medicine, and at least 4 months of intensive care. Residency training requirements are prescribed by the Accreditation Council for Graduate Medical Education (ACGME).
Graduates of an ACGME-approved program are eligible for
ABA certification after passing two written examinations
(BASIC and ADVANCED), a standardized oral examination,
and an objective structured clinical examination. Board

Downloaded for alex arman davidson (arman@amazingstudy.tk) at Florida International University from ClinicalKey.com by Elsevier on October 21, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.

36

SECTION I • Introduction

Fig. 2.16 The Aqualumni tree (created by Lucien E. Morris, Ralph M.,
and Jean P. Morris) depicting names of chairpersons or heads of academic anesthesia centers that came from the lineage of the world’s
first postgraduate academic residency program in anesthesiology led
by Dr. Ralph Waters at the University of Wisconsin. (Copyright © 2018
https://www.woodlibrarymuseum.org. Image reproduced courtesy of the
Wood Library-Museum of Anesthesiology, Schaumburg, IL.)

certification is a prerequisite for most hospital-based jobs in
anesthesia.
Nurses with at least 1 year of practice in critical care are
eligible to train as CRNAs. Training ranges from 24 to 42
months and confers a master’s-level degree or higher. Training guidelines are specified by the Council on Accreditation
of Nurse Anesthesia Educational Programs and mandate at
least 465 hours of classroom education, exposure to a minimum of 600 clinical cases, and 2000 clinical hours.175 Like
physicians, CRNAs who complete an accredited program
may take the National Certification Exam administered by
the National Board of Certification and Recertification for
Nurse Anesthetists.
Certified Anesthesiologist Assistants are a relatively new
anesthesia provider group in the United States. Although
the first training program opened in 1969 in an attempt to
address significant provider shortages that existed in the
United States at that time, the cadre has been relatively slow
to increase numbers. Certified Anesthesiologist Assistants
complete an undergraduate degree with pre-medical studies and then enter a 2.5-year anesthesia training program
that is done in collaboration with an anesthesiology department. They conduct anesthesia as directed by a supervising
anesthesiologist, and work in close collaboration with the
anesthesiologist who leads the care team.
Physician anesthesiologists in the United States are
involved in all aspects of perioperative care, including

preoperative optimization in outpatient clinics, management of acute postoperative pain, obstetrical anesthesia
services, and responding to traumas and inpatient emergencies. They also frequently manage ICUs after completing
subspecialty training in critical care.
There are approximately 50,000 physician anesthesiologists, and 50,000 registered CRNAs in the United States,
for a combined density of approximately 31 providers per
100,000 people.176,177 The composition of the anesthesia
care team may include from physician anesthesiologists
only, to physician anesthesiologists supervising either
CRNAs or anesthesia assistants, to CRNA-only models. Federal regulations mandate physician supervision of CRNAs,
but 17 states have opted out of this requirement following
the introduction of legislation in 2001.178 Among the 17
states that have opted out, 14 require some degree of physician oversight (not necessarily by an anesthesiologist) and
only 3 allow completely independent CRNA practice.
While it is unproven if nonphysician cadres in the United
States increase access to anesthesia or provide care with
different quality outcomes, data demonstrates that CRNAs
are more likely to practice in rural locations and perform
more anesthetics under sedation (i.e., MAC) than physician
anesthesiologists.179,180
Although overall provider density is high in the United
States, there is stark geographic maldistribution with providers concentrated in urban areas. Many less populated
areas report significant surgical delays due to the lack of
anesthesiologists.95 Access to subspecialists is also limited.
For example, nearly one third of the United States pediatric
population lives more than 50 miles from the nearest pediatric anesthesiologist.181
Maternal mortality has increased in the United States in
the last 10 years, though anesthetic-related maternal mortality has declined.182 The causes are multifactorial, may be
attributable to the changing risk profile of obstetric patients,
and pose a dynamic challenge to anesthetists.
The high costs of care and incomplete financial coverage
(insurance) are two additional, evolving challenges in the
United States with significant repercussions and relevance
for anesthesia care. Lastly, significant ongoing debate exists
over anesthesia provider roles.!

EUROPE
Although Europe and the European Union (EU) may
appear as one entity, the countries represented are diverse
with regard to population, economic situation, culture,
and political leadership. Similar diversity is also seen for
the training and organization of anesthesiology services
in these countries. The official EU title of the specialty is
“Anaesthetics,” and the only EU training requirement is
that its duration should be 3 years.183 In reality, the duration of training is anything from 3 to 7 years, and the
involvement in anesthesia, intensive care, pain, and critical
emergency medicine varies to a great extent among countries.184 The European Section and Board of Anaesthesiology (EBA) of the European Union of Medical Specialists
(UEMS) is the political branch of European anesthesiology.
The UEMS aims to promote and harmonize the highest level
of training of the medical specialists, medical practice, and
health care within the EU, and to promote free movement
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of specialist medical doctors within the EU. The EBA/UEMS
has published training guidelines to encourage countries
to aim for an agreed standard.185 In cooperation with the
scientific branch of European anesthesiology, the European
Society of Anaesthesiology (ESA), the UEMS offers the European Diploma of Anaesthesia and Intensive Care (EDAIC).
Another building block for European Anaesthesiology is the
Helsinki Declaration on Patient Safety in Anaesthesiology,
which was introduced in 2010.186 In the following paragraphs we describe the situation in two countries—Romania, a middle-income EU member state with a population
of 19.7 million and physician-only service, and Norway,
a high-income, non-EU member state with a population of
5.2 million and where the team approach is the anesthesia
service model.

Norway (Jannicke Mellin-Olsen)
In Norway, the first ether anesthetic was provided at Rikshospitalet (the National Hospital) in Oslo on March 4, 1847.187
In April, the first ether inhalation for labor followed. At that
time, younger surgeons and GPs and later nurses were in
charge of anesthesia delivery. In the 1930s two surgeons
(Carl Semb and Johan Holst) facilitated anesthesia training
opportunities for physicians Otto Mollestad and Ivar Lund
in London and Boston (Massachusetts General Hospital),
respectively. Dr. Mollestad was hired without salary in 1939,
and as the first consultant in anesthesiology in 1947.
The Norwegian Society of Anaesthesiology was founded
in January 1949 with only seven members. The founding members faced significant difficulties promoting the
specialty, but the anesthesia nurses welcomed physician
involvement and leadership.
Physician specialty training is 5 years. There is no final
examination, but there are course exams and procedure
checklists, in addition to continuous individual assessment.
Trainees are encouraged to take exams for the EDAIC. The
nurse anesthetist training program is 1.5 years after 3 years
of nursing education. Both physician anesthesiologists and
nurse anesthetists are accredited by the Directorate of Health.
The first guidelines that described the scope of practice
and dynamics of the anesthesia team were authored by
both physicians and nurses in 1993.188,189 It was agreed
that anesthesiology is a medical specialty. A physician is
responsible for all anesthetic procedures, although nurses
are allowed to provide anesthesia for ASA physical classification 1 and 2 adults with indirect supervision. At
induction and emergence, there must always be two anesthesia-trained persons immediately available. The “flexible
anesthesia team” usually consists of one physician and one
nurse.
Anesthesiology is an attractive and prestigious specialty
in Norway (second to thoracic and neurosurgery only),
and works closely with almost all other hospital specialists,
including the surgeons.190 In contrast to many other countries, anesthesiologists in Norway are highly respected by
the general public. This is partly due to increased visibility,
as anesthesiologists provide leadership not only in anesthesia, but also perioperative medicine, pain management,
intensive care, and critical emergency medicine (including
prehospital services). There are currently 1329 physician
anesthesia providers (25.5 per 100,000 population) and
2000 nurse anesthesia providers.100 Anesthesiology is
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among the medical specialties with the lowest female representation (30%). As Norway has generous paid maternity
and paternity leave, the norm is that both sexes stay in the
profession and work full-time.
Health care in Norway benefits from the country’s economic prosperity, robust public programs, and emphasis on
patient safety. The Norwegian Society of Anaesthesiology
was among the first signatories of the Helsinki Declaration
on Patient Safety in Anaesthesiology, and the WHO Surgical Safety Checklist is distributed and used nationwide. Norwegian health care is funded primarily by the government.
Hospital care is free of charge for the patient, as are medication costs once a specified amount is surpassed. Private
hospitals exist but provide mostly elective surgery.
Current challenges facing the anesthesia community in
Norway include concerns about costs and quality, although
in general, hospitals are well equipped. In recent years
there has been increasing frequency of medicine shortages,
mostly due to the lack of domestic production and export
policies of drug companies that can have adverse safety
consequences.!

Romania (Daniela Filipescu)
The first anesthetic in Romania (ether for a limb amputation)
was documented in the journal “TemesvarerWochenblatt”
and took place on February 13, 1847.190a The world’s firstever use of opioids for intrathecal anesthesia was presented
by a Romanian in Paris in 1901.191 Thoma Ionescu further
developed the technique and published the first textbook of
intrathecal anesthesia—La rachianesthésie générale.191,192
The first anesthesia training course in Romania was held
in 1951, and a formal 1-year training course began in 1959,
after the recognition of Anesthesia and Intensive Care Medicine (AICM) as an independent medical specialty.190a The
first ICU was instituted in 1958, but it was only in 1972
that AICM departments were formally introduced in the
Romanian medical health system.
The first AICM study group was founded by Zorel Filipescu in 1958. The study group was included later as part
of the Romanian Society of Surgery and separated as an
independent Romanian Society of Anaesthesiology and
Intensive Care (RSAIC) in 1972. The RSAIC joined the
WFSA the same year.
In Romania, specialist physicians are the only formal
anesthesia provider cadre. After graduating from medical school (MD), physicians may enter specialty training
after passing a written national examination. The number of places for each specialty is decided by the Ministry of
Health, and admission to a specialty depends on candidate
preference and performance on the written examination.
Usually, AICM is among the top specialties chosen for training due to the wide range of opportunities to work abroad.
The Romanian MD and specialist diplomas are automatically recognized in EU countries.
The AICM specialty training is five years and includes
two years in intensive care medicine. Romania endorsed
the competency-based European Board of Anaesthesiology
Curriculum for Anaesthesiology, Intensive Care, and Pain
Therapy, but this has been only partially implemented. For
obtaining the specialist certification, written and oral examinations must be taken at the end of the training period.
Romania adopted the EDAIC Part I examination organized
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by the ESA as the national written examination since 2010.
All physicians practicing in Romania have to be evaluated
and re-licensed based on a minimum 200 continuing medical education (CME) credits accumulated every 5 years.
There are no specialized anesthesia nursing cadres recognized in Romania, but general nurses may apply for posts
in AICM departments where they are trained locally for the
job.
An estimated 1400 anesthesiologists are currently practicing in Romania, and approximately 180 trainees are
entering the specialty each year. Trainees are distributed to
12 academic centers in the country, although most trainees
are taught in the five largest academic centers. The majority of anesthesiologists work in public hospitals though a
small number work in private centers and some in both.
Safety in AICM is promoted by the RSAIC, which signed the
Helsinki Declaration on Patient Safety in Anaesthesiology,
endorsed the WHO checklists, the ESA clinical guidelines,
and launched national guidelines. Despite this attention
to patient safety, the European Surgical Outcomes Study
(EuSOS), which included 17 hospitals and 1298 patients
from Romania, demonstrated a higher postoperative mortality (6.8%) after nonemergent general surgery in Romania than the European mean value (4%).193 Subsequently,
a national program for critical care was implemented, and
the more recent International Surgical Outcomes Study
(ISOS), which included 1875 patients from 26 Romanian
hospitals, demonstrated improved outcomes.194
The anesthesia community in Romania faces several
challenges. A key challenge limiting anesthesia access in
Romania is the shortage of providers (anesthesiologists and
trained AICM nurses) as well as equipment technicians.
Reasons for these shortages include internal and external brain drain (mostly to Western Europe).195 Workforce
shortages particularly affect ICU activities as well as operating theaters where a provider may be assigned multiple
rooms simultaneously. Another barrier to scaling the workforce is the lack of a nationally standardized AICM nurse
curriculum and training. Additional challenges routinely
encountered in Romania include the uneven distribution of
specialists and equipment as well as significant infrastructure limitations and drug shortages. For example, ultrasound and certain essential medications (e.g., tranexamic
acid, amiodarone) are not universally available. Although
the practice of AICM includes perioperative care, there are
no formal anesthesia preoperative evaluation or pain therapy centers organized in the public hospitals in Romania.
A final and significant challenge facing anesthesia providers is the unavailability of adequate malpractice coverage
options which has resulted in defensive medical practices.
Despite the current challenges, the AICM is one of the
most dynamic specialties in Romania, with a tremendous
development led by dedicated RSAIC leadership.!

ASIA AND THE MIDDLE EAST
Asia is the largest continent with a population of 4.43 billion. There is a wide socioeconomic variation among the
countries with the GDP PPP (at purchasing power parity)
per capita income ranging from 1944 International dollars for Afghanistan to 127,480 for countries like Qatar.76
Anesthesia services also vary widely. Anesthetic societies

are functional in the majority of the countries and a number of societies located in the same geographic regions have
voluntarily come together to form regional societies. The
officially recognized regional sections of the WFSA in Asia
are the Pan Arab Federation of Societies of Anesthesia,
Intensive Care and Pain Management (PAFSA) founded in
1884, Confederation of ASEAN Societies of Anaesthesiologists (CASA) as part of the Asian Australasian Regional Section founded in the 1970s, and the South Asian Association
of Regional Co-operation—Association of Anaesthesiologists, which came into existence in 1991.

India (Bala Krishnan Kanni)
The first administration of ether anesthesia in India was on
March 22, 1847, and the first chloroform anesthesia was
administered on January 12, 1848. Chloroform and ether
continued to be used until the mid-1950s in many hospitals. Halothane was introduced in 1960 and isoflurane
in 1992.196 Regional anesthesia (with cocaine) was first
reported in 1894 and spinal anesthesia with hyperbaric
Stovaine (amylocaine) was reported in 1908. In 1935,
the first Boyle’s apparatus machine arrived in India, and
the same year the first oxygen plants were established in
Calcutta (Kolkata). The Indian Society of Anesthesia (ISA)
was established in 1947. The first official Journal of the ISA
was published in July 1953, and in 1956 the ISA joined the
WFSA as a founding member.
Formal anesthesia training for undergraduates in India
officially started in 1906, followed by diploma (1946) and
MD/MS degree programs (1955) in anesthesia. The National
Academy of Medical Sciences started Diplomate of National
Board of Examinations in 1970 followed by PhD programs in
anesthesia. Today, all anesthesiologists in India are required
to undergo one of three training pathways prior to independent practice. These pathways take place after completing 4
years of medical school (Bachelor of Medicine, Bachelor of
Surgery–MBBS) and 1 year as an intern or “house surgeon.”
The first training pathway requires physicians to complete
3 years of postgraduate anesthesia training with a dissertation at a university hospital. The second potential pathway is called the Diplomate of the National Board (DNB)
and requires 3 years of training as well as a dissertation at
a hospital approved by the National Board of Examinations.
Physicians can also pursue a 2-year postgraduate diploma
program at a university hospital without dissertation. Holders of this latter postgraduate Diploma in Anesthesia often
practice with supervision of more senior anesthesiologists.
There are no nurse anesthetists in India, and the total number of anesthesiologists in the country (population 1.34 billion) is approximately 25,000 (see Table 2.3).
There have been several attempts to train non-anesthesiologists as stop-gaps for the ongoing workforce crisis. In
2002 the Indian government started a short-term training
program for doctors but this could not be sustained due to
problems in implementation and lack of support from the
government. One ongoing program provides 6 months
of training to physicians post-medical school to carry out
cesarean sections and lifesaving anesthetic skills for emergency obstetric care in rural facilities where no anesthesiologist exists.197,198 This program is controversial and not
universally supported. India also trains Operation Theatre Technologists (OTT) or Assistants who may undergo
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a 3-year diploma or 6-month to 1-year training program
straight from secondary school. These cadres have limited
scopes of practice (e.g., can place IVs or administer medications) and must practice under direct supervision of anesthesiologists. Although the OTTs are not permitted by the
ISA to perform tasks such as intubation or neuraxial anesthesia, there are significant concerns that such practice
takes place in some centers.
In addition to shortages in number, the anesthesia workforce in India also suffers from inequitable distribution, with
a disproportionate number of providers in urban areas.
Because anesthesiologists in India are also responsible for
many services outside of the operating theaters (e.g., preoperative preparation, postoperative care, and critical care),
these services are also frequently unavailable.
The ISA is actively engaged in several activities to promote anesthesia safety throughout India. With initial
financial assistance from WFSA, the ISA started a CME
program for rural anesthetists to update knowledge and
techniques. The ISA endorses the WFSA and WHO guidelines for minimum monitoring standards, the WHO Safe
Surgery Checklist, as well as many other anesthesia safety
practices (e.g., color coding of drugs, syringe labelling,
machine checks, and appropriate records of anesthetic
care). Significant efforts have also been made to educate
the public about anesthesia and its safety by holding public education programs.199
Although safe anesthesia services are available in many
institutions both public and private throughout India,
access to modern equipment and facilities are not universal.
Much like providers, anesthesia infrastructure is also concentrated in urban areas. Anesthesia subspecialties such
as neuro, cardiac, pain, pediatrics, and obstetrics are available in most urban hospitals but few rural facilities.200 As a
result, many rural facilities lack capacity for safe anesthesia
care. Additional challenges limiting access to safe anesthesia care in India include poverty, distance to care, social and
cultural barriers, and comorbidity.!

Lebanon and The Middle East (Patricia Yazbeck)
The oldest medical writings in the region were found in
cuneiform tablets and Eber’s papyrus in Mesopotamia
and the Nile valley, describing herbal treatments like Belladonna, Cannabis, and Mandragora. Phoenicians also
obtained artificial sleep by using calming herbs, opium
poppy, and juniper leaves. In the Middle Ages, prominent
Arab scholars (Avicenna, Al Razi, Ibn Al Quff, Al Baghdadi,
and others) made important contributions to the field of
medicine.
In 1835, the first Arab medical school in the Middle
East was established by Dr. Clot in Kasr-Al-Aini Hospital,
in Cairo. Graduates practiced in all the large cities of the
region. In 1860, American, French, and British powers
intervened in the region and with the inflow of missionaries, more medical schools and hospitals were established.
In Lebanon, the Syrian Protestant College (American University of Beirut) was founded by American missionaries in
1886 while the French Medical School (St Joseph University) was founded by the French Jesuits in 1883. The first use
of inhalational anesthesia occurred in 1865 by Dr. George
Post, an American missionary surgeon who administered
“kulfera” (chloroform) in the village of Abeih-Lebanon. Dr.
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Post is considered the pioneer of modern anesthesia in the
Middle East (Fig. 2.17).201
At the end of WWI, the practice of anesthesia still
depended on foreign surgeons, and on local and foreign
nurses or technicians, administering ether or chloroform.
But the beginning of oil production in the region contributed to economic improvement and led to the foundation of
many faculties of medicine in Syria, Sudan, and Iraq. After
1950, Middle Eastern countries established fully independent anesthesia departments with their own structure, staff,
residency training, research, and certification by international academic institutions. In addition, in the 1960s and
1970s, many countries founded their own national anesthesia societies and in 1985 a Pan Arab Society of Anesthesia, regional section of the WFSA, was founded.
Anesthesia departments in the Middle Eastern countries
are staffed by highly qualified faculty certified either by
the Arab Board or by foreign academic bodies, such as the
American, French, or European Boards of Anesthesiology
or by the RCoA.
A residency program of 4 years in a recognized center
may be followed by 1 or 2 years of fellowship in pain management, critical care, obstetric anesthesia, cardiopulmonary anesthesia, or others as recognized by the national
anesthesia societies, which also track CME.
Anesthesia is routinely administered by a qualified anesthesiologist. Trainee anesthesiologists or anesthesia nurses
can administer anesthesia under the supervision of a qualified anesthesiologist. The density of physician anesthesia providers per 100,000 population is less than three in
Morocco, Syria, and Iraq, and less than one in Yemen and
Sudan while it ranges from six to more than 10 in countries
like Egypt, Oman, Jordan, Lebanon, United Arab Emirates,
and Kuwait.
The responsibilities of the anesthesiologist include preoperative assessment and preparation, premedication, as well
as staffing PACUs and ICUs. Anesthesia is administered in
the operating room, delivery suite, radiology department,
and as ambulatory anesthesia. In addition, acute or chronic
pain management is becoming routinely practiced. Departments and societies of anesthesiology in the Middle Eastern
countries are responsible for setting practice guidelines,
matching the standards approved by international societies, such as the American, French, or European Societies of
Anesthesiologists. Anesthetic machines, monitoring equipment, and agents adhere to the international standards.
The major key challenges and barriers to safe anesthesia in
the region are the consequence of the recent turmoil occurring in many Middle Eastern countries (e.g., Syria, Iraq, Libya,
Sudan, and Palestine) resulting in limitations of workforce
and anesthesia access and safety in parts of these countries.!

Pakistan (Fauzia Khan)
From the time Pakistan gained independence (1947) until
the late 1950s, the practice of anesthesia was mostly limited to spinal or open-drop ether after induction with ethyl
chloride. The first chair of anesthesia was established at the
King Edward Medical College, Lahore, in 1959, and a 2-year
diploma course (DA) was introduced at the same institution in 1960. The first ICU in Pakistan was established in
1976 at Mayo Hospital, Lahore, and the Pakistan Society of
Anesthesia (PSA) was founded in 1971 in Karachi. A higher
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A

B
Fig. 2.17 Dr. George Post (A), in an operating room with a female patient on the table (B).

diploma, the Fellowship of the College of Physicians and
Surgeons of Pakistan (FCPS), was instituted by the College of
Physicians and Surgeons of Pakistan (CPSP) in 1972.
The CPSP includes anesthesia faculty and accredits all
physician training programs in the country. Two training
tracks are offered for anesthesia: (1) a higher professional
diploma (FCPS) that requires 4 years of competency-based
standardized training; and (2) a Membership of the College
(MCPS) that requires 2 years of training after medical school
and 1 year of internship. Only FCPS diploma holders can
progress in the academic ladder in university anesthesia
jobs. Certification in either track requires written, practical,
and oral examinations. License to practice is provided by a
separate body, the Pakistan Medical and Dental Council.
The anesthetic workforce in Pakistan is comprised of
3100 physician specialists (1.64 physician anesthetists per
100,000 population) (see Table 2.3). Anesthesia almost
always is provided by physicians, although in some remote
areas surgeons may administer local blocks or even spinal
anesthesia. The main clinical responsibility for the majority
of anesthesiologists is to provide operating room anesthesia and preoperative assessment, but in several institutions
they also lead ICUs and chronic pain management clinics.
Health care in Pakistan is provided mainly by the private
sector, with the government contributing only about 20%
of services. Government-owned institutions are tiered into
teaching, district, and county (taluka) hospitals. A system
of basic health units provides primary health care. The
majority of anesthesiologists hold two jobs as remuneration
from just one is not sufficient. Only a few public institutions
allow in-house private work by anesthesiologists. Brain

drain is an ongoing issue with a significant proportion of
the workforce emigrating to the Middle East or Europe.
There are currently no national guidelines relating to
anesthesia and little awareness of international safety standards. There are also limited data on anesthesia outcomes
in Pakistan.202 There is no national body responsible for
quality and safety in health care, however, the Punjab
Healthcare Commission (PHC) is an autonomous health
regulatory body created by the provincial government for
the Punjab province (96 million people). The PHC aims to
improve quality, safety, and efficiency of healthcare service
delivery for the population of Punjab by implementing Minimum Service Delivery Standards (MSDS) in all areas and
all disciplines including anesthesia. This model is soon to be
replicated in the other provinces.
Anesthesia care varies significantly among health facilities within the country. Larger hospitals in bigger cities
have access to modern equipment and monitors comparable to HICs. Many government teaching hospitals and secondary health centers are underfunded and have only basic
equipment for monitoring (e.g., ECG and noninvasive blood
pressure). Medication shortages are a frequent occurrence
as several routine anesthetic medicines like fentanyl, inhalational agents, antiarrhythmics, and vasoactive drugs are
imported. Even drugs manufactured within the country like
morphine and ephedrine are frequently unavailable. Remifentanil, sufentanil, esmolol, S-ketamine, and clonidine
are among many drugs not available at all due to licensing
issues.
Additional challenges currently facing the Pakistani
anesthesia community include maldistribution of human
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resources, limited biomedical technician support, and lack
of political will. There is great necessity for regional collaboration to collect data on anesthesia and surgical need,
resources, and outcomes to help improve safety and better
allocate resources.203!

China (Yugaung Huang)
Modern anesthesia was introduced along with Western medicine into China in the early 20th century. In the
1950s, only simple anesthesia care was available in China,
including open-drop ether, tracheal intubation under inhalational anesthesia, and single-shot procaine spinal anesthesia together with peripheral nerve blocks. Because of
economic limitations from the 1950s to the 1980s, intravenous procaine combined with opioid anesthesia and even
acupuncture anesthesia were common. Anesthesiology in
China has evolved in the past 2 decades as a crucial medical
specialty that is integral to multidisciplinary surgical care
and collaboration. This has resulted in modern anesthesiology shifting from narrowly focused on surgical anesthesia
to perioperative medicine.
The training of anesthesia practitioners remains a big
challenge. Currently in China, medical school studies range
from 5 to 8 years resulting in an inevitable variation in educational quality. The national resident training program
was initiated in 2000 and standardized in 2014, which will
make the specialty catch up with the international standards of training and help to eliminate disparities due to difference in initial medical education.
To ensure patient safety, it is emphasized that clinical
anesthesia is provided by anesthesiologists rather than
anesthesia nurses. To meet the rapidly increasing needs outside of the operating room, anesthesiologists are required
in nonsurgical diagnostic and therapeutic procedures for
endoscopy, painless labor, and delivering optimal care to
improve the quality of patient care throughout the hospital.
With the economic boom, the majority of Chinese hospitals
are equipped with sophisticated anesthetic machines and
monitors and have a modern work environment. However,
there are obvious variations in the quantity and quality of
anesthesia devices and services among the different regions
of China. In some small or medium-sized hospitals, there
are no anesthetic gas monitors, defibrillators, or target-controlled infusion pumps.204
With the support from the National Health Commission (NHC), Chinese anesthesiology has been shifting from
only operating room anesthesia to perioperative medicine
and moving from a volume-based healthcare system to a
value-based healthcare system. Anesthesia safety and quality assurance are of vital significance and great concern.
The National Quality Assurance Center for Anesthesia was
established with Professor Yuguang Huang as its leader in
2011. Thus far 31 Provincial Quality Assurance Centers
have been established throughout mainland China. There
have been only sporadic studies so far providing data on
anesthesia safety and these have come from several large
hospitals, while the current status in resource-limited medical settings remains to be explored.205,206
The anesthesia workforce shortage has become one of
the greatest challenges in China as the number of surgeries
has grown and the anesthesia demand increased without
a concomitant increase in the number of anesthesiologists.
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The density of physician anesthesia providers is only 5.12
per 100,000 population in China, which is approximately
25% of that in the United States. To meet the urgent healthcare needs, Chinese anesthesiologists are struggling with
heavy workloads, and thus have high burnout and low job
satisfaction.207 Long working hours, heavy workload, high
acuity, and fast work pace are all factors associated with
burnout and patient safety. Even with this effort only 10%
of pregnant women can receive epidural analgesia during
labor, and patients undergoing endoscopy have to be on
long waiting lists for analgesia and sedation since anesthesia practitioners are mainly occupied with surgery in the
operating rooms. To bridge the workforce gap, the Chinese
government has made great efforts to emphasize the importance of anesthesiologists and anesthesiology nationwide
with supportive documents focused on improving the perceptions and roles of the anesthesia specialty in medical
care not only for patients but also for anesthesia professionals. It is encouraging to see that an increasing number of
medical graduates are willing to join the profession of anesthesiology, which prognosticates well for the future.
With great efforts by the Chinese Society of Anesthesiology and Chinese Association of Anesthesiologists, Chinese
anesthesiology has developed rapidly to provide patients
with safer anesthesia and better quality of life. Challenges
include variation in anesthesia safety, shortage of workforce, occupational burnout, and unbalanced working conditions across the country. Further efforts are anticipated to
make anesthesia practice even better in China.!

Vietnam (Thi Thanh Nguyen and Thang Cong
Quyet)
The modern history of anesthesia in Vietnam dates as far
back as 1975 only due to the loss of records during the war.
During the war, anesthesia was usually administered by
surgeons, and only occasionally by an anesthesiologist who
had mainly been trained by French or American specialists.
During the war, U.S. military anesthesiologists made multiple seminal discoveries that changed modern transfusion
practices.208,209 Following the war, Vietnamese doctors
gradually took up anesthesia and in 1979, the Vietnam
Society of Anesthesiologists was founded in Hanoi with 100
members and Professor Ton Duc Lang as its first president.
The membership continued to expand and currently there
are more than 1000 anesthesiologists in Vietnam. In 1980,
with the help of Dr. J. Beiboer from The Netherlands, the
Vietnam Society of Anesthesiologists joined the WFSA, the
CASA, and various other specialist societies throughout the
region.
During the past decade, the role of physician anesthesiologists in Southeast Asia has changed remarkably. Physician anesthesiologists have gained recognition by peers
and the populace. Training in anesthesia was initially
undertaken by surgeons concurrently with surgical training. In 1993 the first department of anesthesia was established at Hanoi Medical University. Other departments were
soon established in Ho Chi Minh City, Hue, Can Tho, Thai
Nguyen, and Hai Phong. Several different forms of training
varying in duration from 1 to 5 years were introduced in
order to fulfill different requirements throughout the country, and contemporary anesthesia training is based on both
the American and French systems.
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Medical school is 6 years in duration, though during times
of war a 4-year option has existed for trainees who have
already completed a 2-year nursing program. After medical
school, graduates can enter a 3-year residency in anesthesia (24 months clinical and 12 months research), for which
there are 30 spots per year in the country. Residents do not
receive remuneration during training unless they are bonded
to a hospital where they worked as a general practitioner
between medical school and residency. Upon completing
residency, graduates are awarded a Master’s degree and can
work as a “first specialist” anesthesiologist. Thereafter they
can pursue additional training in either an academic pathway (2-year PhD) or a “practical” pathway with “second
specialist” training (2 years of apprenticeship and consultant
work). The “second specialist” certificate allows these providers to function as a consultant, head of anesthesiology or
as a trainer in the practical training system. An additional
anesthesia training pathway exists for medical school graduates who are not admitted to residency. These physicians
must pass a 1-year anesthesia training program, pursue
2 years of clinical anesthesia practice, and then return to a
medical university to complete 2 more years of anesthesia
training. At the conclusion of this pathway, these providers receive a “first specialist” anesthesiologist certificate,
functionally equivalent to anesthesiologists who have completed the practical pathway previously discussed. There are
approximately 100 training spots available per year in the
country for this anesthesia training pathway. There are no
formal, accredited subspecialty training programs in Vietnam, although several institutions offer 6-month to 1-year
certification programs for select subspecialties. Additional
training opportunities for Vietnamese anesthesiologists have
been introduced in France and Southeast Asia. Numerous
Vietnamese anesthesiologists have participated in the Bangkok Anesthesia Regional Training Center (BARTC), a 1-year
fellowship supported by the WFSA and the Royal College of
Anesthesiologists of Thailand to train anesthesia educators
in Asia.210
In addition to the courses for physician anesthesiologists,
several courses for nurse anesthetists were also introduced,
which varied in duration from 1 year for registered nurses
to 3 years for new nursing students. Nurse anesthetists are
required to always work with a physician anesthesia provider or with permission from the manager of the hospital.
Physician and nurse anesthetists are now able to staff over
1000 hospitals and clinics throughout the country where
surgery is undertaken. In 2012, the Ministry of Health
issued guidelines for anesthesiologists to become involved
in pain management and critical care in addition to preoperative, intraoperative, and postoperative care. These specialties require additional training and formal anesthesia
subspecialty fellowships do not exist in Vietnam.
Prior to 1990 the major techniques used were inhalational anesthesia, first with ether and subsequently with
halothane. Induction was with thiopentone or ketamine
and regional anesthesia with spinal or epidural. Since 1990
the responsibilities of anesthetists have expanded to include
specialist areas such as extracorporeal circulation for open
heart surgery, organ transplantation, ultrasound-guided
regional anesthesia, chronic pain management, preoperative assessment clinics, and out of operating room activities such as epidural analgesia for patients in labor, and

anesthesia for endoscopic procedures. The WHO Surgical
Safety Checklist is commonly applied in every operating
room and clinical practice guidelines are selected from ASA
or ESA guidelines. There is still a maldistribution of anesthesiologists, a shortage of essential medications, and lack
of necessary infrastructure, which can endanger patient
safety.
The Vietnam Society of Anesthesiologists is striving to
raise standards of education in anesthesia to be at par with
international standards in order to enhance the safety of
the practice in the country, encourage scientific research
among members, establish professional guidelines, and
support working with the Ministry of Health to advance
the specialty of anesthesia. At present there are no national
examinations for certification.!

SOUTH AMERICA
South America is a vast continent with a population of
420 million and economies ranging from the eighth largest in the world (Brazil) to some of the poorest in the world
(Bolivia).210a Some cities or areas of cities have HIC health
care including hospitals with top-level research and Joint
Commission certification (77 in 6 countries) whereas many
others do not even comply with national standards.211 This
is a reflection of the social difficulties of the continent where
most countries have poor Gini indexes (measure of distribution of income of a country’s residents) ranking among the
worst in the world.212
Anesthesia workforce density in South America varies
by more than 10-fold among countries (Uruguay 13.7 vs.
Peru 1.7).100 Substantial differences exist in practice models,
ranging from physician-only anesthesia practice in Colombia
to Paraguay where 50% of anesthesia is provided by nonphysicians. This translates into dramatic differences in resources
where some hospitals have anesthesia information systems
and sophisticated monitoring equipment (e.g., intraoperative transesophageal echocardiography with tissue Doppler,
electroencephalograph monitoring), while most still rely on
paper records and limited anesthesia machines. Training
quality and capacity are also highly variable and few homogenizing mechanisms exist to guarantee a minimal standard
of training, as certification mechanisms are virtually absent.

Paraguay (Rodrigo Sosa Argana)
The first reports of anesthesia in Paraguay are of chloroform
use during the war Paraguay fought against the Triple Alliance (Brazil, Uruguay, and Argentina) between 1864 and
1870.213 The country’s first recorded physician anesthesia
provider was Dr. Roberto Olmedo in 1928, and the first trained
anesthesiologist Dr. Luis Ramirez is credited with starting the
specialty in Paraguay in 1948. After this time, the number of
anesthesiologists who trained abroad began to increase.214
The Sociedad Paraguaya de Anestesiología (SPA) was
founded in 1973 by the 18 anesthesiologists practicing in
the country at the time. The first anesthesia training programs were started in 1982, and the first formal anesthesia residency program (3 years in duration) was created in
1992 by the Hospital de Clinicas of the Universidad Nacional de Asunción.
In addition to physician anesthesiologists, the Ministry of
Public Health and Social Welfare also licenses two types of
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nonphysician providers, technicians and diplomates. Technicians have no formal prerequisites and receive minimal
if any formal training (most are taught as apprentices, historically most often by surgeons). Diplomates complete a
3-year anesthesia training program after high school that
consists of once-weekly training days. These providers currently administer anesthesia in the most remote areas and
public hospitals throughout the country, whereas physician anesthesiologists provide the majority of care in urban
settings and the private sector. In the urban and private
setting, the nonphysician cadres often work alongside physician anesthesiologists in a supportive role and with close
supervision. The Ministry of Public Health has defined
a scope of practice for nonphysicians in Paraguay such
that they can perform anesthesia independently in remote
locations where no anesthesiologists are present. In such
circumstances, the nonphysicians are supervised by the
surgeon and generally perform cases of lower complexity,
most often under spinal anesthesia. There has been significant tension between all anesthesia cadres in the country.
The technicians and diplomates consider their training and
expertise as equivalent despite significant differences in prerequisites, training, and practice (see Table 2.3). In recent
decades the number of physician anesthesiologists has
increased relative to the number of nonphysician providers.
There are approximately 258 anesthesiologists and 491
nonphysician providers (technicians and diplomates) in
Paraguay (10.7 anesthesia providers per 100,000 people).
A major challenge in Paraguay at present is ensuring
standards for anesthesia provider training. The SPA has
lobbied the government extensively to curb nonphysician
training in Paraguay due to ongoing concerns about the
quality of training standards. In the last decade the SPA has
been successful in enacting high-level education reform to
improve anesthesia practice standards and has organized
multiple international meetings including a recent large
Latin American Anesthesia conference (CLASA 2013).!

Colombia (Pedro Ibarra)
The first documented anesthetic in Colombia was provided in 1849 using chloroform.215 In these early times,
underperforming medical students were often relegated to
providing anesthesia, and for many years anesthesia services were provided by poorly trained, and often nonmedical, personnel (e.g., technicians, healthcare students, and
nurses). Dr. Isaac Rodriguez was the first Colombian physician dedicated to anesthesia, and the first formally trained
anesthesiologist was Dr. Juan Jose Salamanca who trained
under Dr. Henry Beecher at Massachusetts General Hospital in 1940. The Sociedad Colombiana de Anestesiologia y
Reanimacion (SCARE) was founded in 1949 and was one of
the founding societies of the WFSA in 1955. The first formal
anesthesia training programs in Colombia were established
in the 1960s, at Universidad Nacional and Universidad de
Antioquia (UdeA). The Universidad Nacional program had
input from Dr. Gustavo Delgado, who trained with several
pioneers in anesthesia including Dr. Robert Dripps (see Fig.
2.16). The UdeA program was developed by Dr. Nacianceno Valencia, a second-generation “aqualumni” trained
by Dr. Perry Volpitto (see Fig. 2.16).216,217
The first anesthesia residency programs (2 years in duration) began to increase the number of anesthesiologists in
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the 1960s, but the large magnitude of the workforce shortage forced several medical schools to introduce strong anesthesia training during medical school. This allowed medical
school graduates to provide basic anesthesia care during
their mandatory rural service year after graduation. They
gradually reduced nonphysician anesthesia care in the
1970s in small towns. Many of these physicians remained
in remote towns providing anesthesia care, until 1991
when the first law prohibiting anesthesia practice without
a diploma was issued. Since the late 1990s, anesthesia care
in Colombia has been exclusively provided by physician
anesthesiologists.
Most of the 23 anesthesia residency programs are 3 years
in duration (two programs are 4 years in duration) and are
overseen by the Ministry of Education, which establishes
curricular requirements based on input from the SCARE
and the periodic Anesthesia Education Seminars that have
been held since 1974. There is no national examination,
and license for practice is issued by the Ministry of Health.
Currently there are approximately 3600 anesthesiologists in Colombia for a density of 7.9 anesthesiologists per
100,000 people. Approximately 115 anesthesiology trainees graduate each year, and a nearly matching number of
foreigners or foreign-trained Colombians are incorporated
into the workforce. In recent years, political and economic
uncertainties in Venezuela have increased the influx of
foreign-trained anesthesiologists into Colombia. In some
cases, this increased supply has driven down remuneration
and created tension with locally-trained anesthesiologists.
Rural anesthesia staffing is a significant challenge in
Colombia. The needs of remote areas are often met through
economic incentives and temporary positions. Rural hospitals pay premium salaries for positions that are difficult
to fill and are able to do so because nearly 100% of Colombian citizens have healthcare coverage through the government-funded, multi-institutional insurance scheme.
This single-payer approach allows rural hospitals to receive
reimbursement comparable to institutions with higherincome, urban patient mixes. Because competition for anesthesia jobs is less in rural than urban settings, some rural
hospitals are able to put together competitive compensation
packages and recruit more easily than some public institutions in urban settings where reimbursement is lower and
competition for jobs is higher.
The first Colombian anesthesia standards were published in 1985, and in 1992 a modern version based on
the ASA Standards was published by SCARE and adopted
by the Colombian government. The WHO Surgical Safety
Checklist was adopted in 2008 and has contributed to the
decreasing incidence of malpractice cases involving anesthesiology. Malpractice suits are a significant challenge in
Colombia as well as a driver for improved safety. In 1993,
SCARE created an anesthesia malpractice defense fund,
FEPASDE, which became the major malpractice insurer for
the country. To maintain the economic health of the fund,
SCARE has adopted national healthcare education strategies for adverse outcome prevention.
Colombia’s healthcare system faces several additional
challenges. One is economic sustainability, due to healthcare benefits in excess of national resources. A second is
regional inequity, where healthcare quality differs dramatically between regions. An additional major challenge
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is the ongoing workforce shortage. One driver of the
health worker shortage is the present training system,
which requires residents to pay tuition during specialist
training. There is an effort in the Congress of Colombia to
eliminate this practice. As with many other LMICs, remuneration is a major challenge for anesthesia providers in
Colombia who frequently work more than one full-time
position to increase salary. This has expanded anesthesia
coverage but also increased the risk of provider burnout.!

OCEANIA
There are 16 independent nations in the region of Oceania.
This area of the South Western Pacific accounts for approximately 30% of the world’s surface area but has less than
40 million people with over 70% of people living in Australia and New Zealand. Of the independent island nations,
Papua New Guinea is the most populous with over 8 million
people and Tuvalu the least populous with approximately
11,000 people. The region consists of many remote islands
and is economically diverse with only Australia and New
Zealand being considered as HICs. Australia and New Zealand will be considered together and the independent island
nations of Fiji, Solomon Islands, Vanuatu, Tonga, Papua
New Guinea, Marshall Islands, Micronesia, Nauru, Samoa,
Tuvalu, Palau, and Kiribati will be considered as one group.

Australia and New Zealand (Rob McDougall)
News of the first use of ether for anesthesia reached Australia
by sailing ship in May 1847 and soon after, ether was used
for a dental procedure in Sydney and general surgery in
Launceston.218 Later that year saw the first use of anesthesia
in New Zealand, again following news by ship.219 In 1888
“chloroformists” were first appointed in Australian hospitals
but it was not until 1944 that the first university diploma
course in anesthesia was established.220 The Australian Society of Anaesthetists was established in 1934 and the New
Zealand Society of Anaesthetists (NZSA) followed in 1948.
Anesthesia in Australia and New Zealand is provided by
physicians. Training, examination, and accreditation of
Australian and New Zealand anesthesiologists is the responsibility of the Australian and New Zealand College of Anaesthetists (ANZCA), which was founded in 1992. Prior to this
time, specialist training was administered by the Faculty of
Anaesthetists of the Royal Australasian College of Surgeons,
which was formed in 1952. ANZCA established the Faculty
of Pain Medicine in 1998 and pain medicine was recognized
as a medical specialty in Australia in 2005. In addition,
ANZCA is responsible for the standards of clinical practice of
anesthesia and pain medicine in Australia and New Zealand.
Australia and New Zealand have among the highest
density of anesthesia providers, in population terms, in
the world with 23.09 and 21.79 anesthesia providers per
100,000 population, respectively.100 A minimum of 7
years of postgraduate training is required to become a specialist anesthesiologist.
Specialist anesthetists account for almost the entire anesthesia workforce in New Zealand, however, Australia has
an active body of over 250 GP anesthetists, who predominantly work in regional and remote areas which cannot
sustain full-time specialist anesthetists.221 The training and
accreditation of GP anesthetists is overseen by ANZCA and

the Royal Australian College of General Practitioners. The
provision of high-quality anesthesia in remote areas of Australia continues to be a challenge.
In 2014, the average age of the Australian anesthesiologist workforce was 49 years and 27% of the workforce was
female. Australia and New Zealand have publicly funded
universal health care but both countries have a private
health sector. Just over 50% of work by Australian anesthesiologists was in the public sector.
ANZCA has produced triennial reports on anesthesiarelated mortality in Australia and New Zealand since the
first comprehensive report for 1985–87. For 2012–14 the
anesthesia-related mortality for Australia was 2.96 deaths
per million population per annum or 1 death for 57,023
episodes of anesthesia care.222 In addition, New Zealand
is one of the few countries to comprehensively collect and
report 30-day POMR. POMR is one of the core indicators
recommended by the LCOGS for monitoring safe surgery
and anesthesia. Thirty-day POMR in New Zealand for
2010–15 was 0.55% of hospital admissions receiving general anesthesia.223
In spite of its huge size, Australia is one of the world’s most
urbanized countries. This aids centralization of health care
but does create equity of access challenges for those living
in remote areas. This is a particular problem for indigenous
Australians who account for almost half the population of
very remote areas.
Australian and New Zealand anesthesiologists are
involved in global health activities, particularly in the Asia
Pacific region. Both the Australian Society of Anaesthetists
and NZSA are active members of the WFSA and also have
their own global outreach committees. ANZCA also has
a strong Overseas Aid Committee. The Overseas Development and Education Committee of the Australian Society of
Anaesthetists has long supported the development of anesthesia in the Pacific, in partnership with the Pacific Society of
Anesthetists and the Fiji National University (FNU). ANZCA
has similarly supported Papua New Guinea in partnership
with the Society of Anesthetists of Papua New Guinea and
the University of Papua New Guinea (UPNG). Similar partnerships exist between professional organizations in such
countries as Mongolia, Myanmar, Timor-Leste, Micronesia,
Solomon Islands, Laos, Cambodia, and other Pacific Island
nations. Essential Pain Management, Primary Trauma
Care, and Lifebox are examples of programs coordinated by
Australian and New Zealand professional bodies in the Asia
Pacific region.!

Fiji and Pacific Island Nations (Sereima Bale)
The remote geographic locations of the myriad of small and
large islands that comprise the Pacific Island nations and
their diverse populations make the training and the practice of anesthesia a massive challenge.
In Fiji, Papua New Guinea, and Pacific Island countries, Assistant Medical Practitioners or Anaesthetic
Technical Officers were trained as apprentices by expatriate consultant anesthetists during the various colonial
eras before each country gained independence. Anesthesia became a recognized specialist discipline in 1970
in Fiji even though doctors (registered as “Native Medical Practitioner”) had been practicing as “anesthetists”
since the 1920s.
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In the early 1970s, many Pacific Island nations (Fiji,
Tonga, Kiribati, Niue) sent their doctors for training in
the DA program offered by the Anesthesiology Center for
the Western Pacific (Manila, Philippines) in collaboration with the WHO Western Pacific Regional Office. Currently the two specialist training institutions in this region
are the College of Medicine, Nursing and Health Sciences
of the Fiji National University (FNU), which started anesthesia training in 1996, and the University of Papua New
Guinea (UPNG), which established anesthesia training in
1989 as the Fiji School of Medicine. These programs offer
physicians a 1-year DA, that may be followed by a 3-year
anesthesia Master’s of Medicine (MMed) as the specialist
qualification. Since 1996, FNU has graduated 92 doctors
with the DA, and 39 of these have gone on to receive the
MMed. There have been 32 anesthesia specialists that have
graduated—23 from Fiji and 16 from other Pacific nations.
FNU trains only physicians while UPNG also offers a
1-year diploma course for healthcare workers who train as
Anaesthesia Scientific Officers (ASOs). These NPAPs provide 90% of anesthesia services in Papua New Guinea, often
in remote provincial and mission hospitals with no physician supervision. Other Pacific Islands that utilize this latter
cadre of NPAPs to complement their physician capacity are
Vanuatu, Tonga, and Solomon Islands. Other islands in the
northern Pacific, including former U.S. territories, employ
American-trained nurse anesthetists.224
Two issues significantly limit the development of the anesthesia workforce in the Pacific: (1) few students graduate
from medical schools in Fiji and Papua New Guinea to supply
any specialties and keep pace with growing populations; and
(2) few job opportunities are funded by national Ministries
of Health. In Fiji for example, there are 23 physician specialist anesthesiologists for a population of 800,000, but only
5 consultant positions supported by the Ministry of Health,
which employs all Fijian FNU graduates. Additional challenges routinely faced in the region include limited access to
equipment, geographic isolation, and an influx of medical
graduates from other regions who may be ill-prepared for
postgraduate training or practice in this setting.
In 2018, Fiji (population 800,000) had 18 specialists.
Unless there is significant expansion of job opportunities for
specialist anesthesiologists, limited access to specialist-level
care is likely to continue regardless of numbers of graduates. There is continuing brain drain among graduate specialists in Fiji. Of the 23 MMed graduates, only 17 remain
in government employment with minimal opportunities for
private practice. Some of these graduates, however, remain
in practice in the Pacific, just not in their country of origin.
Other Pacific Islands are continuing to build their capacity
and are retaining their graduates: Kiribati (2 MMeds, 1 DA:
population 33,000); Solomon Islands (4 MMeds; population 600,000). The volume and range of cases in the smaller
island nations pose different challenges. The solo anesthetist
who may provide anesthesia for 1 to 2 surgical lists per week
may also be required to cover other clinical or administrative
services as necessary. In addition, this officer is also expected
to cover for emergencies and is permanently on call. Outdated skills and knowledge can develop as can burnout as a
result of professional isolation and lack of support.
Papua New Guinea is a LMIC on the eastern half of the
island of New Guinea (the second largest island in the world)
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and has only 19 physician specialist anesthesiologists and
130 ASOs, of which only 50% are currently employed. The
challenges of the provision of safe surgery and anesthesia in
Papua New Guinea relate to its terrain and poverty. Eighty
percent of the population live in remote highland, coastal,
and island villages and may be days away from a hospital
that can provide the three bellwether procedures. Currently
Papua New Guinea has 0.25 PAPs per 100,000 compared
with Australia and New Zealand where the anesthesia
workforce is 75 times greater.224
There are three main anesthesia societies in the western
Pacific outside of Australia and New Zealand: The Pacific
Society of Anaesthetists (28 members); the Micronesia Society of Anesthetists (7 members); and the Society of Anaesthetists of Papua New Guinea (16 members). All Pacific societies
have received varying support from the Australian and New
Zealand governments, the ASA, the NZSA, ANZCA, and the
WFSA, and hosted joint meetings for the first time in 2014.!

Section 3: Essentials for Practice
in Resource-Constrained Settings
CLINICAL AND TECHNICAL SKILLS
The practice of anesthesia anywhere in the world is reliant
on four principle factors: personnel, equipment, medications,
and patients with their comorbidities. Disruption, change,
or lack of any of these factors may limit the safe practice of
anesthesia. Whether practicing in a rural HIC setting, an
LMIC, a military or humanitarian field hospital, or other
resource-constrained setting, all of these will be modified.
Data guiding practice in these settings are limited and may
be interpreted differently. There are numerous instances of
well-intentioned, evidence-based practices from HICs producing unintended negative consequences in LMICs.225
Clinical practice in resource-constrained settings may
be extremely different from what one may be accustomed
to, so it is important to understand the local context before
attempting to change anything. There is often a logical reason why practice patterns diverge from the “standard,” and
frequently this has less to do with local providers “not knowing the right way” and more to do with local challenges
related to personnel, equipment, medications, or patients.
This section will briefly discuss select aspects of anesthesia
practice in resource-constrained settings through the lens of
these four factors.
Personnel. Limitations in anesthesia workforce are one of
the most significant barriers to the safe provision of anesthesia care worldwide. Beyond low absolute numbers of
providers, the competencies of existing anesthetic providers may be highly variable. Many practitioners who provide anesthesia in resource-constrained settings may have
completed inadequate training and often work in isolation
with negligible supervision or colleague support. Many are
highly skilled and competent within a narrow spectrum
of clinical cases, and often learn to deliver a “recipe” type
anesthetic that may not be adaptable or appropriate for
more complex cases.
When working in resource-constrained environments,
it is important to understand the level of knowledge and
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experience of the local anesthetic provider. Regardless of
training level, there are always opportunities for mutually
beneficial bidirectional learning. The role of the anesthetic
provider in many resource-constrained settings is often
limited to the operating theater, as the concept of perioperative care is underdeveloped and not part of training.
Personnel shortages routinely limit capacity for adequate
preoperative evaluation (including resuscitation) or routine postoperative monitoring. Staffing (e.g., perioperative
nursing) may be entirely lacking, and routine elements of
postoperative care such as monitoring or providing regular pain assessments with analgesic administration are
rarely available. Thoughtful planning is required especially
if higher-level care is needed postoperatively (e.g., ventilation), as this usually will become the responsibility of the
anesthesia provider or even family members (who are frequently recruited to help with monitoring or even manual
ventilation). The PACU may consist of an unstaffed corridor
or a small designated space near the operating room complex exit. In this setting, it is paramount to ensure patients
are more fully recovered from their anesthetic when they
arrive in the recovery area than may be routine in wellresourced PACUs.!
Equipment. Anesthesia Machines: Most modern anesthetic workstations cannot function without pressurized
gases and electricity, both of which may be in short supply
in many resource-constrained environments. In these settings, familiarity with drawover anesthesia may be essential. In-depth discussion of drawover anesthesia is beyond
the scope of this chapter, however, knowledge of drawover
anesthesia is highly relevant in many practice settings, and
several comprehensive resources for learning drawover are
included at the end of this chapter. Here we provide a brief
overview of the basics of drawover anesthesia.
An inhalational anesthesia system must be able to deliver
accurate concentrations of volatile agent, avoid rebreathing
of carbon dioxide, have a provision for intermittent positivepressure ventilation (IPPV), and provide oxygen-enriched
gases. Unlike more complex anesthesia machines, drawover
systems do not require compressed gas or power, can function on room air, and cannot deliver hypoxic gas mixtures
(which is especially relevant where inspired oxygen monitors may be lacking). A drawover system consists of a temperature-compensated or buffered, low-resistance vaporizer
(calibrated to the agent), a self-inflating bag or bellows with
a one-way valve upstream to ensure unidirectional gas flow
to the patient, and a non-rebreather valve at the patient
end to avoid rebreathing of carbon dioxide (Fig. 2.18).
Drawover setups that can function with multiple volatile
agents are most versatile (i.e., in the event that one volatile
agent is unavailable), and providers should be familiar with
technical aspects of using the same vaporizer for different
volatile agents. The self-inflating bellows (SIB) can be used
for IPPV (by hand) and may show movement or a small
palpable pressure change with respiration that enables the
anesthesia provider to monitor respiratory rate in the spontaneous mode. Air is the “driving” gas (although “sucking”
gas might be a more accurate description) in a drawover
system, but oxygen supplementation is possible with addition of oxygen at the vaporizer inlet or with the addition of
a piece of reservoir tubing or bag. The ability to function on

ambient air is a critical safety feature of all drawover setups.
Without some form of reservoir, it is impossible to achieve a
fraction of inspired oxygen concentration (FiO2) above 0.3
regardless of oxygen flow. With just one meter of standard
adult reservoir tubing (22 mm diameter), 4 L per minute
can give an FiO2 of over 0.6 and a flow of 1 L per minute
gives an FiO2 of 0.3. The gas flow, which is dependent on the
patient’s tidal volume and respiratory rate, is highly variable, but most vaporizers (OMV, DDV, EMO) (see Fig. 2.18)
remain extremely accurate as long as the gas flow is intermittent. However, they often lose their accuracy when the
system is converted to a continuous flow mode.
Although the drawover system is low resistance, in some
situations it may be advisable to convert it to a continuous
flow system when anesthetizing babies to overcome the
dead space at the level of the non-rebreather valve. This
can be done manually by creating a flow using either an
Oxford inflating bellows or self-inflating bag. The bellows
are jerked up to their full capacity and then released slowly.
This is done 6 times per minute to create a continuous flow
through the vaporizer. This flow of oxygen-enriched air
supplies an Ayre’s T-piece attached to the outlet of the bellows. Both valves need to be in use to ensure unidirectional
flow as this is still a low-pressure system (Fig. 2.19). If using
a self-inflating bag then it must be squeezed and released
12 times per minute. This manual system mimics adult
drawover with a more intermittent flow, and the vaporizers
tend to still provide an accurate reading as opposed to full
continuous flow using either a Farman’s entrainer or direct
attachment of an oxygen source to the inlet of a vaporizer.
Whatever equipment you have at your disposal it is probably simpler to follow these approximate guidelines:
If <5 kg, assisted ventilation for whatever the length of the
operation.
If 5-10 kg, spontaneous ventilation for short cases and
assisted ventilation for longer procedures.
If >10 kg, spontaneous ventilation for most operations,
unless paralysis is required or the procedure is prolonged.
There are a small number of all-in-one drawover
anesthetic machines based on the same principles as
the portable drawover systems (Fig. 2.20). They are
not plenum machines, and supplemental oxygen can be
supplied from a cylinder or an integrated oxygen concentrator. These machines are significantly less expensive and relatively easier to maintain than many other
anesthesia machines. They can also function without
power and without supplemental or pressurized oxygen,
making them ideal for some resource-constrained settings. Integrated, uninterruptable power supplies (UPS)
provide power for certain functions (e.g., monitors) in
the event of power failure, and some versions include
integrated ventilators. The companies that manufacture
the Universal Anesthesia Machine (Gradian Health) and
the Glostavent (Diamedica [UK] Ltd) both invest considerable resources to ensure local expertise for operation,
training, and service support. These elements are critical for successful utilization of equipment in resourceconstrained settings. Regardless of the anesthesia setup
employed, a plan for power or oxygen failure is essential
and likely to differ based on the setting.
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Fig. 2.18 Inhalational drawover anesthesia setups. (Reproduced with permission from the WHO. Dobson MB, World Health Organization. Anaesthesia at
the District Hospital. 2nd ed. Geneva: World Health Organization. http://www.who.int/iris/handle/10665/42193.)

Fig. 2.19 Drawover anesthesia using an Oxford-inflating bellows and Ayre’s T-piece with a pediatric patient in Uganda. (Copyright © 2018 Sarah
Hodges.)
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Fig. 2.20 All-in-one drawover anesthesia machines. Left, The Universal Anesthesia Machine by Gradian Health (including ventilator
module). Right, The Glostavent Helix by Diamedica (UK) Ltd. (Copyright
© 2018 Gradian Health and Diamedica [UK] Ltd.)

Oxygen Concentrators: In many countries pressurized
oxygen is available primarily via cylinders, but the supply
may be unreliable or cost prohibitive, and therefore a backup
is essential. Providers working in resource-constrained settings should have familiarity with at least the basics of function and maintenance for various oxygen delivery solutions
including concentrators. Oxygen concentrators use a technique called pressure swing adsorption and zeolite crystals
to extract nitrogen from air to produce oxygen with 90%
to 96% purity, although purity drops to around 85% with
higher flow rates. In principle, most oxygen concentrators
are relatively similar, and non-engineers can often diagnose and fix common problems (e.g., dirty filters, low voltage, compressor or valve system failure, excess flow, or hot
ambient temperatures)226 (see the Appendix 1 for links and
useful resources including the WHO guide to oxygen concentrator maintenance). In reality, not all oxygen concentrators are designed to function in all climates, and many
do not conform to WHO guidelines.226,227 In a performance
study of eight oxygen concentrators, only two models delivered greater than 82% inspired oxygen concentration at
35°C and 50% relative humidity.228 Oxygen concentrators
can be used to provide supplemental oxygen in the operating theater (via drawover system), the PACU, or the ward.
Makeshift splitting of a single oxygen source to supply multiple patients on the ward is a common practice although
it can easily result in inadequate inspired oxygen fractions.
A small, portable oxygen analyzer can be useful to test the
output of concentrators and cylinders as some facilities
lack the infrastructure to ensure necessary quality control.
Submerging the terminal end of parallel oxygen delivery
circuits into cups of water can allow for comparison of gas
flow rates.
Monitors: Many operating theaters around the world have
minimal monitoring options despite the international standards set out by the WHO and WFSA.3 In this environment
there is increased reliance on clinical skills (e.g., change in
palpable pulse volume, degree of chest expansion, pupil size,

and change in compliance of bellows, self-inflating bag, or
bag on Ayre’s T-piece). Because electricity may be unreliable,
ideally monitors should have a functional internal battery.
Pulse oximetry is invaluable but not universally available.
Some inexpensive pulse oximeters meet international quality standards, however, few are designed for harsh environments, and many are extremely inaccurate.229 The Lifebox
initiative is one of the first initiatives to help design and
distribute pulse oximeters that meet the demands of LMICs
(i.e., affordable, accurate, durable, with audible alarms and
specially designed, reusable probes that work with neonates
and adults).230 Precordial stethoscopes are particularly useful and can be made from an ordinary stethoscope with an
extension (e.g., suction tube or oxygen tubing). Precordial
stethoscopes provide an excellent beat-to-beat heart rate
monitor and continuous, audible verification of respiratory
rate, airway patency, and endotracheal tube placement.
Hypovolemia may be detectable by a decrease in heartbeat
tone that is apparent prior to alarms on other monitors.
Airway Equipment: In resource-limited settings it is often
absolutely essential to maintain spontaneous respiration
and oxygenation with a difficult airway until the airway has
been secured. Face mask ventilation with a Guedel or nasopharyngeal airway, regional anesthesia, or ketamine-based
anesthetics may be safer than attempting complex airway
management. An awake look with direct laryngoscopy can
often assist in airway management planning. Safety is key
and it may be preferable to opt for a tracheostomy under
local anesthesia as the surgical skills may be superior to
what is feasible with the limited anesthetic equipment and
ability. As advanced airway equipment and experienced
assistance is likely to be lacking, excellent technique and
positioning for laryngoscopy is crucial for success. Many
hospitals providing surgical care will have only a Macintosh size 3 laryngoscope blade, and rarely additional equipment such as a bougie. Retrograde intubation and blind
nasal intubation can be useful skills to master. Airway
topicalization can be accomplished many ways, including
transtracheal lidocaine injection or by gargling or spraying
water-based lubricant jelly, lidocaine, and epinephrine. For
blind nasal intubation, the tube is pushed forward during
inspiration following the base of the nose, listening to the
noise of breathing (similar technique to a Patil guide). If the
tube enters the esophagus the neck should be extended, and
if it impinges on the anterior part of the larynx, the neck
should be flexed. Lifting the jaw will stop the endotracheal
tube from hitting the epiglottis. Rotating the tube or inflating the cuff slightly may also assist with entering the trachea. If capnography is not available then condensation in
the tube, movement of the bag with respiration, auscultation of the chest, and in rare circumstances an esophageal
bulb can help verify correct placement. In LMICs, laryngeal
mask airways may not be available and face masks, Guedel or nasopharyngeal airways, and endotracheal tubes
are often washed and reused. There are a number of products that can be used to easily decontaminate endotracheal
tubes, laryngeal mask airways, and other airway equipment, however, access is highly variable. When processing and reusing such equipment, damage to the cuff and
increasing stiffness of the plastic are significant challenges.
Endotracheal tube stylets are infrequently available.
Improvised endotracheal tube introducers have been crafted
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by carefully inserting a piece of wire into an appropriately
sized suction catheter, taking care that the metal tip is not
protruding. Learning safe, sensible techniques that are reproducible without the use of expensive, specialized equipment
is fundamental. Where traditional electric suction is unavailable, bulb suction (for neonates) and foot pedal suction
devices are invaluable.
Equipment for regional anesthesia: Spinal anesthesia is
universally taught and used in many settings though may
be used for a wider variety of cases than is commonly done in
HICs (e.g., appendectomy). The needles vary in quality and
blunt tips can be overcome by using a 21-gauge hypodermic needle as an introducer. The most commonly used local
anesthetic is hyperbaric 0.5% bupivacaine. All anesthetic
providers are taught to do spinals, but not all are taught
how to prevent supine hypotension during spinal anesthesia. Teaching how to fabricate a simple wedge for uterine
tilt with pregnant patients, or learning to reposition patients
in varying degrees of reverse Trendelendberg position may
prevent untoward incidents especially where an adjustable
operating table may not exist. Although a spinal might seem
like an easier and safer option, appropriate patient selection
is critical, especially where preferred vasopressors and fluids
may be in short supply. In that situation 0.5 mg epinephrine has been diluted in a 500 mL bottle of 5% dextrose and
administered cautiously to treat the hypotension. Epidurals are rarely available in low-resource settings for several
reasons: providers may not be proficient with the technique;
needles are not commonly found; preservative-free local
anesthetic drugs are not readily available for postoperative
infusions; and more importantly, the staffing ratio may be
inadequate and the knowledge may be insufficient to manage an infusion in the postoperative setting. In some settings
where electronic drug infusion pumps are unavailable, lowcost elastomeric bulb pumps can be used to deliver a fixed
rate of medication. Caudal blocks using a 22-G cannula are
commonly used in children for postoperative pain management although the only safe preparation of local anesthetic
may be the spinal bupivacaine.
Ultrasound or nerve stimulators are rarely available but
many blocks can be performed using landmark or blind
techniques (e.g., ankle, digital, axillary, penile, wrist, fascia iliaca, femoral, and rectus sheath blocks). Local field
blocks may be used for a wide variety of procedures, including hernias, which are often done under local anesthesia
in the outpatient setting. Where ultrasounds are available,
other regional supplies may be lacking such as ultrasound
gel, probe covers, echogenic needles, and appropriate local
anesthetics. Several workarounds to these common challenges have been well-described. Although many blocks
can be done relatively easily and safely without ultrasound
or nerve stimulation, serious complications can still occur.
Anecdotal reports of local anesthetic toxicity fatalities during penile blocks for circumcision are still encountered in
some LICs and attributed to preventable causes (incorrect
dosing or technique).231 In general, distal blocks with lower
volume and shorter-acting local anesthetics may be safer
options, especially where safety equipment may be limited
(e.g., intralipid).
Equipment for venous access: Intravenous cannulas are
almost universally obtainable but variable quality may limit
use. Needles may be blunt or extend quite a few millimeters
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beyond the tip of the cannula. Scalp veins are a common
site for insertion in critically-ill infants, and with appropriate training, rapid placement of a cannula in the right internal jugular vein or in the peritoneal cavity can be lifesaving
in a child dying from hypovolemic shock (e.g., cholera) as
you look for a more permanent solution. Intraosseous needles are not easily found, but 18-G or 16-G needles can be
used in the tibia of an infant. Butterfly needles, if available,
are particularly useful because of the limited length. Twisting is essential to pierce the cortex until a sudden give when
entering the medullary cavity. It is feasible to perform anesthesia for an entire operation with such access (Fig. 2.21).
Infusions pumps are often not available in LMICs and
when present, are frequently limited by the availability of
compatible disposables (i.e., appropriately sized syringes or
proprietary tubing). It is important to not only be proficient
with calculating infusion rates based on drop factor (drops
per mL) but also be aware that infusion sets vary in size and
quality, often making accurate calibration challenging.!
Drugs. Volatile agents: Ether has now been removed from
the WHO Essential Medicines List, and its use has reduced
dramatically since 2013. Both isoflurane and halothane are
included in the WHO Essential Medicines List, and due to the
price differential (e.g., in Uganda 250 mL of halothane ∼$21;
250 mL of isoflurane ∼$39; 250 mL of sevoflurane ∼$250),
halothane is the most commonly used agent in many rural
or non-teaching hospitals in LICs. Halothane is potent (MAC
0.8%) and sweet smelling, but the blood gas partition coefficient is 2.4 making the onset and offset of anesthesia slower
than some agents. This can be useful if managing a difficult
airway and intubation under halothane alone. Halothane
is a cardio-depressant and arrhythmogenic especially in the
presence of an elevated end-tidal carbon dioxide. It is useful for inhalational induction, but it is important to rapidly
reduce the inspired concentration once intravenous access is

Fig. 2.21 Improvised intraosseous access catheter in a pediatric
patient in Uganda. (Copyright © 2018 Sarah Hodges.)
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secured. Nitrous oxide may be obtainable in some locations
(primarily urban areas) but can be extremely expensive.
Because medical-grade air (FiO2 0.21) is often 4 to 5 times
more expensive than oxygen, it is often unavailable and
cases may be done on 100% inspired oxygen concentration.
Induction agents: The use of propofol is widespread but
ketamine (in addition to volatile agents) remains the most
ubiquitous induction agent in many LMICs. Thiopentone
(thiopental) is also frequently encountered outside of HICs.
Ketamine resembles an intravenous preparation of ether
(sympathomimetic, does not depress airway reflexes, causes
excessive salivation, and has excellent analgesic properties). S-ketamine is a useful adjunct for regional anesthesia. Ketamine can be used as an infusion (intravenous or
subcutaneous injection) postoperatively for the management of pain especially if opioids are in short supply.232
Ketamine can also be used for total intravenous anesthesia for a variety of procedures (e.g., laparotomies), but the
wakeup can be very prolonged, and the patient may experience disturbing hallucinations as benzodiazepines are often
not used (provider more likely to encounter diazepam than
midazolam in resource-constrained settings). Ketamine is
the “go-to” induction agent for any patient in hypovolemic
or septic shock, but it can cause cardiac arrest in patients
who are maximally sympathetically stimulated. Ketamine
may be advised against as the sole anesthetic for pregnant
patients undergoing non-obstetric procedures due to its
potential oxytocic effects. Ketamine can also cause apnea
in neonates, despite the appearance of the neonate moving
in response to surgery. Special attention and caution must
be emphasized in these patient populations. Because of ketamine’s overall safety profile, the drug has been used as the
basis for a 5-day course to teach mid-level non-anesthesia
providers to administer emergency anesthesia in rural subSaharan Africa when no anesthesia provider is available.
This program has generated significant controversy and
highlights many of the challenges facing the provision of
anesthesia in LMICs.233,234
Analgesics: Morphine is often the most readily available
opioid, although for many LMICs it is frequently challenging to obtain. In some countries where palliative care is
more developed (e.g., Uganda), the oral formulation is often
available for postoperative analgesia. Pethidine (meperidine) is commonly encountered in LMICs and used routinely for perioperative analgesia. Of note, pethidine is not
included in the WHO Essential Medicines List, and it is not
recommended for routine acute postoperative pain because
of its variable efficacy and side effects. Nonetheless, pethidine may be the only option for analgesia in some LMICs
and general familiarity with its pharmacology could be
highly useful in select settings (see Chapter 24). As discussed earlier in this chapter, opiophobia and access limitations significantly restrict the use of opiates. As a result,
if available, opiates are rarely prescribed beyond 48 hours
postoperatively in many resource-constrained settings.
Many analgesics (e.g., ketamine, morphine, and pethidine)
are frequently given by intramuscular injection, which may
have benefits in terms of feasibility and safety, although
supporting data are limited.232 Patient-controlled analgesia is generally unavailable, but in some settings has been
substituted by using a small subcutaneous cannula, often
placed over the deltoid muscle, used solely for parenteral

opiate analgesics. This avoids repeated intramuscular injections especially in children and can remain in place for 48
to 72 hours. Tramadol is pervasive, inexpensive, and often
used for perioperative pain management in resource-limited settings. Use of tramadol requires an understanding of
its limitations including side effects, abuse potential, and
inferiority in many instances to opioid analgesia.
Paracetamol (acetaminophen) is widely available as
tablets, suppositories, syrups, and as an intravenous preparation as are nonsteroidal antiinflammatory drugs. Parenteral preparations vary from country to country as does the
potency depending on the country of manufacture. Diclofenac is commonly found and intramuscularly injected. One
of the major challenges with prescribing analgesics is conveying the concept of multimodal analgesia. Although the
full spectrum of analgesic modalities may not be available,
multiple analgesic options, including regional anesthesia,
are often feasible in low-resource settings.
Muscle relaxants: Suxamethonium (succinylcholine) is a
universally available muscle relaxant and may be the safest
paralytic to use if there are no means for mechanical ventilation or availability for reversal. It rarely causes malignant
hyperpyrexia although it can induce masseter spasm especially in children with neurologic or muscular disorders.
Both atracurium and suxamethonium lose potency with
exposure to heat and maintaining cold storage is a significant challenge in many settings. For cases where surgeons
prefer paralysis for closure (e.g., laparotomy), a small dose
of suxamethonium can be administered at the end of the
case to facilitate closure of the peritoneum and rectus, while
hand ventilating the patient and allowing faster offset of the
volatile agent. The availability of nondepolarizing neuromuscular blocking agents is highly variable, and providers
should be prepared to use drugs they may not readily use
in HICs.
Lack of access to transfusion services (as discussed in
the section, Anesthesia and Global Health) is another commonly encountered problem that may require improvisation. Providers in resource-constrained settings may be
tasked with ABO typing (e.g., EldonCard) and cross-matching and should be familiar with these techniques. Whole
blood transfusion may be more common than component
therapy, although there are several notable limitations
(including potential loss of platelet and clotting factor activity with refrigeration). Absolute transfusion thresholds are
lacking but can create significant dilemmas. For example,
is it safe to perform a hernia with a hemoglobin of 9, 8, 7,
or lower if no blood products are available? Direct donation
from patients or relatives as well as mandatory exchange
(i.e., someone must donate in order for units to be released
from the blood bank) are variably practiced in LMICs. Other
practices such as preoperative normovolemic hemodilution
and makeshift intraoperative blood salvaging (e.g., by using
a cup, gauze filter, anticoagulant, and a 60 mL syringe)
have been reported, but as of yet there is no safe, effective
substitute for transfusion services in many settings.235,236!
Patients. Anesthesia providers in resource-constrained
settings must be comfortable with a wide range of potential
surgical patients, especially trauma, obstetric (e.g., postpartum hemorrhage), and pediatric patients. In many LMICs,
more than 50% of the population is under the age of 18,
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and most have fewer comorbidities and less polypharmacy
than in HICs. On the other hand, patients often present late
with advanced pathology. This may be due to a wide range
of factors affecting access to care, including physical access
to the health unit (unpassable roads in the rainy season, or
insecurity on the roads), or they have been consulting the
local healer or bone setter and have not seen any improvement, or they are financially destitute and all health care is
financially and socially draining.
As relatives often provide most of the in-hospital care
(e.g., cook the food, wash the bedding and clothes), an inpatient stay is extremely time consuming and no family will
want their patient to be in hospital longer than necessary.
Patients will mobilize more rapidly but may also be less compliant with postoperative instructions. Although patients
may have lower incidence of chronic cardiac and respiratory comorbidities, many may be anemic, malnourished,
or harboring low-grade malaria or helminth infections. If
major surgery is being considered, existing maladies may
need to be treated first and can prolong the inpatient stay.
Multiple preoperative investigations may not be affordable
or feasible and many decisions are made solely on clinical
judgment.
Anesthesia providers practicing in LMICs must be familiar
with perioperative optimization of commonly encountered
conditions. Treatment for universally common conditions
such as hypertension or diabetes may require context-specific approaches and insights (e.g., where and how to provide temperature-stable, noncounterfeit medications).
The practice of anesthesia in the resource-limited setting is shackled by many issues, and it can be challenging
to attempt to administer a high level of care as advocated
by many professional entities. Anesthesia safety is an essential component of care. Are there standards of care that are
immutable across the globe? If a full term pregnant woman
is admitted to hospital with a severe antepartum hemorrhage that requires an emergency cesarean section to save
the mother and baby, what is the anesthetic of choice? Is it
local anesthetic infiltration alone, intermittent aliquots of
intravenous ketamine and oxygen via nasal cannula, rapid
sequence induction with ketamine, suxamethonium, and
halothane? Then add to that decision the reality that the
anesthetic provider may be a nurse with 1 year of training
in anesthesia, only 250 mL of compatible blood is available
in the hospital, and there is no pediatrician to resuscitate
the baby. What is the safest anesthetic technique? It is difficult to answer that question, but for anyone planning to
work in an LMIC as an anesthetic provider it is indispensable to learn about the local resources, to listen to the local
providers, to have the humility to not have all the answers,
but above all to focus on the care and safety of the patient.!

GLOBAL HEALTH COMPETENCIES
Although the number of global health opportunities for
medical trainees has skyrocketed in recent years, most
are short-term, elective-based rotations, and relatively
few programs offer structured training in global health
competencies.237
Although many anesthesia providers may not be directly
involved with formal global health initiatives or careers that
focus on underserved populations, there are fundamental
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global health competencies that are relevant to all anesthesia providers (whether in high, middle, or LICs). A broad
understanding of key concepts is universally relevant and
should be incorporated into anesthesia training for all providers. These include access and affordability, local and
global disease burden, structural and social determinants of
health, medical ethics, health equity, and social justice. The
Consortium of Universities for Global Health (CUGH) has
identified 11 competency domains, with four levels of competency per domain (ranging from level I for all providers
with any relation to global health, to level IV for providers
planning to have significant lifelong engagement in global
health) (Box 2.5).238
For anesthesia providers who intend to spend a portion
of their career focused on global health, additional training
should be considered in topics such as: epidemiology, statistics, qualitative research, health policy, health systems,
health economics, medical anthropology, demography,
ethics, and implementation and management sciences,
among others.
Providers from relatively well-resourced settings benefit
from preparation before working in resource-constrained
settings, even if only for short-term visits.239 Several nonclinical challenges and pitfalls are routinely encountered in
resource-constrained settings, including failure to provide
context-appropriate interventions (see discussion on equipment donations in the section on infrastructure challenges),
failure to have a follow-up plan, failure to adequately
engage local stakeholders, overemphasizing short-term
solutions, and draining local resources.240,241 Certain ethical challenges are also commonly encountered and often
relate to the appropriate scope of practice, the equitable distribution of local and external resources, and an inadequate
understanding of local social and cultural norms.
In a survey of surgery and anesthesia trainees at a large
Ugandan university with numerous visiting international
collaborators, most trainees (75%) agreed that visiting
groups improve their training. However, 40% of trainees
reported that international groups had a neutral or negative impact on patient care. Only 15% felt that research

BOX 2.5 CUGH Global Health Competency
Domains
Domain 1—Global Burden of Disease
Domain 2—Globalization of Health and Health Care
Domain 3—Social and Environmental Determinants of Health
Domain 4—Capacity Strengthening
Domain 5—Collaboration, Partnering, and Communication
Domain 6—Ethics
Domain 7—Professional Practice
Domain 8—Health Equity and Social Justice
Domain 9—Program Management
Domain 10—Sociocultural and Political Awareness
Domain 11—Strategic Analysis
CUGH, Consortium of Universities for Global Health.
CUGH Competencies reproduced under Creative Commons 4 Licensing
from Jogerst K, Callender B, Adams V, et al. Identifying interprofessional global health competencies for 21st-century health professionals. Ann Glob Health. 2015;81:239–247. https://doi.org/10.1016/j.aogh.
2015.03.006.
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projects conducted by international groups were in local
priority areas, and approximately one third of trainees
(31%) reported discomfort with the ethics of clinical decisions made by visiting faculty.242
It is incumbent upon institutions that offer global
health opportunities to provide formal training. Numerous resources exist to help equip trainees, providers,
and institutions with the knowledge necessary to manage these challenges and maximize the positive impact of
global health efforts (see the Appendix for links and useful
resources).243–246
In some countries (e.g., the United Kingdom), anesthesia trainees can pursue 6-month to 1-year-long global
health experiences, with formal curriculum and relatively long-term clinical, research, and educational components. Trainees are required to complete standardized
assessments, including clinical evaluations and casebased discussions as outlined by the RCoA.247 A relatively
small yet increasing number of anesthesia programs in
the United States and other countries are providing formal global health tracks for interested residents as well as
formal anesthesia global health fellowships.248 Academic
institutions and the global anesthesia community at large
must continue to expand training and career development opportunities that increase the number of anesthesiologists interested in and capable of improving equitable
access to safe anesthesia worldwide.!

Conclusions
Despite dramatic changes in anesthesia around the world
over the past century, improvements in safety, access,
and affordability have not been universal. At present, the
majority of the world does not have access to safe anesthesia, surgical, or analgesia services, and relatively few
resources are being devoted to address this growing crisis. The massive and growing surgical and pain crises
disproportionately affect LMICs, where severe shortages
of workforce and infrastructure, and impractical international regulations limit access to care. Despite many common misperceptions, anesthesia, analgesia, and surgical
services are feasible in resource-constrained settings and
are as cost-effective as many other public health interventions (e.g., vaccinations).
The neglect of pain and surgical disease by the global
health community has resulted in one of the most inequitable global public health crises the world faces today. It
has been only in recent years that the surgery, anesthesia,
and global health communities have accelerated investment in research, education, and advocacy initiatives that
aim to improve access to safe anesthesia and surgical services for the world’s poor. These efforts are in their infancy
and must be expanded and supported by the global anesthesia community. Factors affecting access to care, safety,
and cost are relevant in all countries regardless of income
level. All anesthesia providers should maintain awareness
of the fundamental challenges facing the global anesthesia
community, with the hope that increasing numbers will
devote their careers to addressing issues of global health
equity. There are many different ways for anesthesia providers to engage in global health at the patient level or

system level, including research, advocacy, education, and
clinical service.
The role of anesthesia in global health is easy for many
to overlook, but the global anesthesia community must
quickly increase efforts to actively lead global health initiatives that aim to improve infrastructure, expand workforce, increase translation of data into policy and practice,
improve financial risk protection mechanisms for surgical
patients, expand referral and prehospital systems, provide essential medicines, and ultimately improve access to
safe and affordable anesthesia, surgical, and pain services
worldwide.!
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Appendix 1 Links and Useful
Resources
!•! WHO Essential Surgery: http://www.who.int/surgery/en/
•! ! Surgical Care at the District Hospital: http://www.who.
int/surgery/en/
!•! World Federation of Societies of Anaesthesiologists (WFSA):
www.wfsahq.org
!•! WFSA Workforce Map: www.wfsahq.org/workforcemap
!•! WFSA Anesthesia Facility Assessment Tool: www.wfsahq
.org/afat
!•! Open
Anesthesia
Global
Health:
http://www
.openanesthesia.org/subspecialty/global-health/
!•! American Society of Anesthesiologists Global Humanitarian Outreach: https://www.asahq.org/gho
!•! Consortium of Universities for Global Health:
www.cugh.org
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!•! Royal College of Anesthetists e-Learning Anaesthesia:
www.rcoa.ac.uk/e-la
!•! Royal College of Anesthetists Anaesthesia for Austere
Environments modules: https://www.rcoa.ac.uk/ela/anaesthesia-humanitarian-austere-environments
!•! Institute for Health Metrics and Evaluation: http://ghdx
.healthdata.org/
!•! Global Health Ethics Course (Johns Hopkins): http://ethic
sandglobalhealth.org/
!•! Essential Pain Management Course: www.essentialpain
management.org/
!•! “Anaesthesia at the district hospital” by Mike Dobson: htt
p://apps.who.int/iris/handle/10665/42193

!•! Developing Anaesthesia Handbook: http://www.develop
inganaesthesia.org/
!•! Primary Anesthesia, Book by Maurice King
!•! International Association for the Study of Pain (IASP)
Guide to pain management in low-resource settings:
http://ebooks.iasp-pain.org/guide_to_pain_managemen
t_in_low_resource_settings
!•! Developing Global Health Programming: A Guidebook for
Medical and Professional Schools. By Jessica Evert et al:
www.cfhi.org/sites/files/files/pages/developingglobalhe
althprogramming_0.pdf
!•! The Right Stuff, Michael Dobson, MD Publications, 2017
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