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Preface

When a 4-year-old boy with a strangulated inguinal hernia presents to the attention
of a well-trained surgeon who practices in a high-income country (HIC), his condi-
tion will be recognized and timely lifesaving surgical care performed. In most of the
world, however, such a scenario often plays out to a tragic end.

Anticipating the birth of a child should bring excitement and joy. Where ade-
quate resources and surgical care are available to women whose labor does not
progress, a timely C-section can save the baby’s life and mitigate life-long disability
for the mother. Unfortunately for the majority of laboring mothers in the world, the
prospect of childbirth brings dread rather than joy. More than 250,000 women,
mostly in low- and middle-income countries (LMICs), still die every year in child-
birth, and millions more suffer with vesicovaginal fistulas resulting from prolonged
labor.

Over five billion people worldwide lack access to timely, affordable, quality sur-
gical care. Beyond the human tragedy, the economic toll from death and disability
resulting from surgically treatable disease is staggering.

For the vast majority of humanity, the prospect for access to surgical care
advanced profoundly in 2015 when the World Health Assembly (comprised of 194
nations) unanimously resolved that access to “Emergency and Essential Surgical
Care and Anesthesia” is an integral component to universal health coverage. Surely
none would argue that all people deserve timely, safe, and effective care for the most
common lethal or debilitating surgically correctible conditions.

For the foreseeable future, an immense challenge remains to design and resource
systems, as well as train and disseminate skilled surgical caregivers to fulfill this
important and ambitious mandate. Inevitably with such challenges come many
opportunities. It is encouraging, inspiring even, to see how governmental (LMIC &
HIC) and nongovernmental agencies, academic institutions, professional societies,
and faith-based and philanthropic efforts are engaging and coming together to seize
these opportunities. Many individual surgeons and physicians are intrigued by the
concept of global surgery, many of whom are already involved; many more seek to
learn how they might serve.

Our intent in creating this book is to tell the story of global surgery, including its
brief history and exciting future, and to provide important practical information for
those who wish to engage in this most worthy of pursuits. Our hope is that this book

vii



viii Preface

will prove to be a trusted and well-thumbed resource for you at whatever stage of
your global surgical journey you find yourself.

We wish to thank the contributing authors, some of the most expert yet humble
and committed authorities on global surgery, for their practical wisdom, insight, and
experience from which you are bound to benefit, when working in differing circum-
stances around the world. We would also like to thank Stephanie Frost (Springer)
who tirelessly provided support and guidance.

Annapolis, MD, USA Adrian Park
Salt Lake City, UT, USA Raymond Price
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Global Disparities in Surgical Care

Jonathan L. Dunlap and Adil H. Haider

Introduction

Five billion humans worldwide do not have access to safe, timely, and affordable
surgical care. Nearly one-third of the global burden of disease can be attributed to
conditions treatable by surgery [1]. Not surprisingly, low- and middle-income coun-
tries (LMICs) bear the majority of this burden. Less than 6% of surgical operations
performed worldwide occur in these countries, and an estimated 143 million addi-
tional surgical procedures per year would be necessary to reverse this inequity [2, 3].

Historically, major global public health initiatives have focused on infectious and
communicable diseases as the major medical contributors to global morbidity and
mortality. HIV/AIDS, tuberculosis, and malaria have stood at the forefront of global
attention for decades, and significant progress has been made to eliminate wide-
spread burden secondary to these diseases. But recently, comprehensive surgical
care—which includes not only surgery but also obstetric, trauma, and anesthesia
care—has surfaced to join communicable diseases for center stage in the global
development agenda.

Disease trends in LMICs are changing to match those of high-income countries
(HICs). An “epidemiological transition” has accompanied global industrialization,
which is contributing to the previously underappreciated global burden of surgical
disease [4]. People living in LMICs are now less likely to die from communicable
diseases; they are surviving to ages where cardiovascular disease, cancer, and men-
tal health become more prevalent [5]. Furthermore, as technological advancements
infiltrate developing LMICs, the number of automotive-, construction-, and trauma-
related injuries necessitating surgical care has skyrocketed. We are learning that
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T, Deaths per year
(millions)

Injury HIV/AIDS, TB and Malaria

Fig. 1.1 The scale of the problem. About 5.8 million people die each year as a result of injuries,
many of which are at least treatable, if not curable, by surgery [8] (Reproduced with permission of
the World Health Organization, INJURIES and VIOLENCE and THE FACTS: The scale of the
problem. http://www.who.int/violence_injury_prevention/key_facts/VIP_key_facts.pdf)

surgical disease is delicately intertwined with social advancements, economic prog-
ress, and increased life expectancy.

Even before this epidemiological transition, surgery was recognized as an
“essential,” albeit low priority, implementation strategy to reduce the global burden
of disease. Surgery was relegated to low priority status due to three key misconcep-
tions: first, surgical disease was thought to comprise a small and thus insignificant
percentage of the total global burden of disease; second, surgery was viewed to too
expensive to be a cost-effective strategy for large-scale global health initiatives; and
third, surgical “missions” were seen as effective crisis interventions, but not as sus-
tainable models for long-term reduction of global burden [6]. We now know these
misconceptions could not be further from the truth.

In 2005, the World Health Organization (WHO) launched the Global Initiative
for Emergency and Essential Care to promote the importance of surgical care in
trauma and emergency situations. For the first time, surgery was included as part of
a new comprehensive primary healthcare plan for a major global public health ini-
tiative. In 2008, Drs. Farmer and Kim of Partners in Health published a sentinel
paper where surgery became popularly known as “the neglected stepchild of global
health” [7]. They indicated that surgical diseases accounted for upward of 15% of
the total disability-adjusted life years (DALYs) lost worldwide, which is more than
HIV/AIDS, TB, and malaria combined (Fig. 1.1 [8]).

Numerous publications ensued, attempting to quantify the true global burden of
surgical disease and identify strategies to reduce morbidity and mortality. Surgical
and anesthesia care became increasingly recognized as a potentially cost-effective
component of primary care initiatives. Surgery even entered the discussion as a pos-
sible solution to achieving several Millennium Development Goals (MDGs),
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specifically those related to reducing child mortality, improving maternal health,
and reducing HIV/AIDS transmission [9]. It was becoming clear that surgical dis-
ease and access to safe surgical care deserved more medical and political attention.
And so the field of global surgery was born to advance the notion that surgical care
is a fundamental component of global health [10].

Within the last few years, global surgery has reached new milestones with
unprecedented enthusiasm and support. The World Bank Disease Control Priorities
3rd Edition (DCP3) volume on Essential Surgery was published, which defined the
global burden of surgically treatable disease and described the potentially huge
impact that reducing this burden could have. The Lancet Commission on Global
Surgery (LCoGS) brought together experts from more than 110 countries to provide
an unprecedented evidence-based update on the state of surgery worldwide, an
argument for investing in surgical care, and strategies for future delivery. Their work
demonstrated the now often quoted and startling statistic that five billion people
lack access to surgical care [3, 11]. Finally, the Global Alliance for Surgical,
Obstetric, Trauma, and Anesthesia Care—known as the G4 Alliance—has emerged
as a global platform to ensure safe surgical care for 80% of the world by 2030
through advocacy, policy implementation, and resource mobilization efforts. It
brings together more than 70 international member organizations all advocating for
the five billion people worldwide who do not have access to surgical care.

These efforts, in conjunction with the work of countless organizations and initia-
tives, culminated in the unanimous approval of the World Health Assembly’s resolu-
tion WHAG68.15: “Strengthening emergency and essential surgical care and
anesthesia as a component of universal health coverage (UHC)” in May 2015. For
the first time, the United Nations detailed its commitment to eliminate the dispari-
ties that exists from a lack of safe, universal access to surgical care. The interna-
tional political agenda finally recognizes that surgery and anesthesia are key
components of universal healthcare and health system strengthening [12]. It appears
as though the future of global surgery is bright.

Surgical Epidemiology

We now know that two-thirds of the world’s population lacks appropriate access to
safe, affordable surgical and anesthesia care [3]. We also know that surgical disease
does not discriminate based on one’s age or the color of their skin. But upwards of
95% of the individuals who suffer and ultimately die from these conditions live in
LMICs [11]. In fact, the LCoGS reports that nine out of ten people in LMICs do not
have access to basic surgical care when needed. These countries are primarily in
South Asia, sub-Saharan Africa, and parts of South America; less than 5% of indi-
viduals living in North America, Western Europe, or Australia suffer the same fate
(Fig. 1.2).

WHA resolution WHAG68.15 recognizes that a wide range of surgical conditions
rank among the top 15 causes of worldwide physical disability. These conditions
include (in no particular order) obstructed labor, birth defects, cataracts, cancer,
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Fig. 1.2 Proportion of population without access to surgery by country (selective tree with base-
line assumptions) [11] (Reprinted from Alkire et al. [11], with permission from Elsevier)

diabetes, acute abdominal conditions (hernias, bowel obstruction), and burns and
injuries from domestic, industrial, or road accidents [13]. DCP3’s Essential Surgery
identifies a similar group of “essential” surgical conditions that, if basic surgical
care were accessible, could prevent 1.5 million deaths per year [14]. They define
these conditions as primarily or extensively treated by surgery, having a large health
burden, and successfully treated by cost-effective and feasible to promote globally
surgical operations.

The conditions fall into three major categories. First are surgical “injuries,”
which stem from road and construction injuries, falls, drowning, burns, interper-
sonal violence, and exposure to mechanical forces. Second are “maternal-neonatal”
conditions, including maternal hemorrhage, obstructed labor, abortion, and neona-
tal encephalopathy. Third are “digestive diseases,” including appendicitis, gallblad-
der and bile duct disease, hernia, paralytic ileus, and bowel obstruction. Traumatic
injuries account for 76.6% of preventable deaths per year, while maternal-neonatal
conditions and digestive diseases account for 14.4% and 9% of preventable deaths
per year, respectively.

DPC3’s Essential Surgery also describes several “selected subspecialty condi-
tions” that, if basic surgical care could be provided, could prevent at least 400,000
deaths and avert 39 million DALY per year. The conditions responsible for pre-
ventable deaths include congenital heart anomalies (66%), neural tube defects
(17%), and cleft lip and palate (17%). Cataracts and obstetric fistula account for
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11% and 3% of avertable DALY per year, respectively. A clear role exists for car-
diothoracic, neurosurgical, plastic and reconstructive, and urological surgeons in
the global surgery conversation.

Burden of Surgical Disease

In 2006, Disease Control Priorities in Developing Countries 2nd ed. (DCP2) pub-
lished initial estimates, based on expert opinion, which suggested that up to 11% of
the global burden of disease measured in disability-adjusted life years (DALYYs)
could be treated with surgery [15]. This was followed up by Drs. Farmer and Kim’s
report that surgical conditions accounted for up to 15% of total DALY's lost world-
wide. Since then, global surgery researchers have gone to great lengths to better
quantify the true burden of surgical disease.

By 2015, newer studies suggested that these early claims were in fact gross
underestimates. One study claimed that as much as 33% of the global burden of
disease can be attributable to surgical disease [1]. Another study, which assessed
the macroeconomic financial burden of surgical disease, projected that surgical
diseases will result in annual losses of 1.25% of potential gross domestic product
(GDP) or $20.7 trillion (2010 US$, purchasing power parity) by 2030 [16]. Not
surprisingly, these financial losses will be unequally distributed across the global
population; the same individuals in LMICs who, for financial reasons struggle to
access surgical care for their diseases, will face even greater relative costs in the
future [16].

In 2010, most leaders in the field agreed that at least two billion people lacked
access to basic surgical services based on geographic location or operating room
density alone [17, 18]. In 2015, this figure was revised; when new studies included
factors such as “timeliness, surgical capacity, safety, and affordability” into their
analysis, these data projected the true number to be approximately five billion peo-
ple [11]. The LCoGS executive report reaffirms this estimate and sheds new light on
surgical burden of disease through several other “key messages” [3]. They are worth
reproducing here:

* “Five billion people do not have access to safe, affordable surgical and anesthe-
sia care when needed. Access is worst in low-income and lower-middle- income
countries, where nine of ten people cannot access basic surgical care.

* One hundred forty three million additional surgical procedures are needed in
LMICs each year to save lives and prevent disability. Of the 313 million proce-
dures 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 condi-
tions. Unmet need is greatest in eastern, western, and central sub-Saharan Africa,
and south Asia.

e Thirty-three million individuals face catastrophic health expenditure due to pay-
ment for surgery and anesthesia care each year. An additional 48 million cases of
catastrophic expenditure are attributable to the non-medical costs of accessing
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surgical care. A quarter of people who have a surgical procedure will incur finan-
cial catastrophe as a result of seeking care. The burden of catastrophic expendi-
ture for surgery is highest in low-income and lower-middle-income countries
and, within any country, lands most heavily on poor people.

* Without urgent and accelerated investment in surgical scale-up, LMICs will con-
tinue to have losses in economic productivity, estimated cumulatively at US
$12.3 trillion (2010 US$, purchasing power parity) between 2015 and 2030 [3].

Surgical Healthcare Needs and Delivery

The desire to deliver worldwide, universal surgical care—including trauma, obstet-
ric, and anesthesia care—is an ambitious yet achievable goal. WHA resolution
WHA 68.15 has provided a framework for the WHO, member states, and politicians
to support greater prioritization of surgical care as part of universal health coverage
and national surgical plans (NSPs). The LCoGS and G4 Alliance have proposed
several core indicators in an effort to monitor NSPs and track their progress over
time. If monitored in a thorough and standardized fashion, these indicators will
guide more timely population-level solutions to the unpredictable obstacles that will
undoubtedly try to inhibit their success. The LCoGS proposes six core indicators:
(1) access to timely essential surgery, (2) specialist surgical workforce density, (3)
surgical volume, (4) perioperative mortality, (5) protection against impoverishing
expenditure, and (6) protection against catastrophic expenditure [3].

The G4 Alliance agrees with these six indicators as the most important indicators
to begin with and recommends that countries should initiate data collection on these
immediately. However, for countries that are able to collect further information, it
also proposes nine additional indicators—specific to anesthesia, obstetric, and
trauma care—with the goal of identifying nuances within individual NSPs. These
additional indicators are (1) estimated proportion of seriously injured patients trans-
ported by ambulance (trauma), (2) national whole blood donate rate (trauma/obstet-
rics), (3) cesarean section rate (obstetrics), (4) proportion of operating rooms with
pulse oximetry (anesthesia), (5) ratio of anesthesiologists to surgeons (anesthesia),
(6) inpatient trauma mortality rate (trauma), (7) maternal mortality ratio (obstet-
rics), (8) neonatal mortality (obstetrics), and (9) perioperative mortality rate on
operative day (anesthesia). Several countries have already begun developing their
own NSPs based on these core indicators.

While data collection is fundamental to assessing the future needs and delivery
options at the population-based level, individual providers and local initiatives must
understand the barriers that currently prevent individuals from accessing surgical
care. Alkire et al. established a simple yet realistic “chance tree” including four
major obstacles a patient must navigate to access surgical care (Fig. 1.3). The first
obstacle is “time.” Can a patient physically reach a healthcare facility in a timely
manner for both diagnosis and treatment? Time is more frequently typically associ-
ated with traumatic or emergency situations like acute appendicitis, obstructed
labor, or a motor vehicle trauma. What a patient needs is a healthcare facility within
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Can obtain surgery without
catastrophic expenditure
Access

Facility can perform safe,
appropriate surgery

Surgical capacity
is available

. Cannot obtain surgery without
Can reach facility catastrophic expenditure

in timely manner

No access

Facility cannot perform

safe, appropriate surgery .

No access

X . No access
Surgical capacity
is not available

Cannot reach facility
in timely manner

No access

Fig. 1.3 Chance tree to assess global access to surgical care. Each change node represents a
dimension of access [11] (Reprinted from Alkire et al. [11], with permission from Elsevier)

a realistic geographic distance that is feasible to get to based on local and affordable
modes of transportation.

The second obstacle is “capacity.” If the patient can successfully reach the
healthcare facility in time, does that facility have the capacity to both diagnose and
treat the surgical condition? The facility must have a trained surgical provider and
qualified staff (e.g., anesthesia, nurses) who are available to perform the operation.
It must also have a sterile operating theater, appropriate pharmaceuticals (pain con-
trol, antibiotics), and medical equipment (e.g., X-ray machine, electrocautery, suc-
tion) to effectively carry out the operation.

The third obstacle is “safety.” Can the surgical team safely perform the opera-
tion? The surgeon should have adequate formal training to carry out the desired
procedure. He/she must also have the correct instruments, which have been properly
sterilized. Similarly, a formally trained anesthesiologist should be present and pos-
sess the proper induction medications, airway equipment, and monitoring devices
(i.e., pulse oximeter). A designated recovery room with appropriate monitoring and
staffing is also important for patient safety.

The final and oftentimes most underappreciated obstacle is “affordability.” Can
the patient afford the costs of surgical care without incurring catastrophic financial
hardship for either themselves or their families? Data from the LCoGS suggests that
each year nearly 33 million people worldwide do not pursue surgery for this reason
[3]. The morbidity and mortality from surgical disease may actually be preferable to
the financial ruin surgical intervention may invoke.

Disparities in Surgical Care

The wealth of new data emerging in the global surgery literature has confirmed what
expert opinion has long suspected: clear disparities in surgical care exist between
high-income and LMICs. For example, in Sierra Leone, 25% of respondents in a
population-level study reported a current need for surgical care [19]. Yet, an over-
whelming percentage of them cannot obtain surgery for their diseases. One study
group suggests that 30% of the world’s population receives almost 74% of the
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annual major surgical operations; of the 234 million annual major surgical proce-
dures that take worldwide, as little as 3.5% of them occur in LMICs like Sierra
Leone [2]. The LCoGS reports that this disparity is closer to 6% of operations being
performed in LMICs. Whether the true number is 3 or 6%, it is a disparity that must
be eliminated.

In addition to the well-documented intercontinental disparities, new data con-
firms that alarming disparities also exist within individual countries—both LMICs
and HICs. Unequal access to lifesaving surgical care can exist between neighbor-
ing communities and even next-door neighbors. One of the first studies to explore
these “in-country disparities” on a large scale reviewed a national health survey
representing almost 100 million people in Pakistan. They found that wide dispari-
ties existed in the utilization of surgical care by population subtypes; urban resi-
dents were twice as likely to receive surgery as rural residents, independent of
economic status and education level. Urban residence, older age, female gender,
and economic status were all independently associated with improved access to
surgery [20].

In Haiti, another group examined surgical services provided at nearby rural NGO
hospitals. Despite equity strategies geared at assisting the rural poor, the hospitals’
efforts may have ultimately widened disparities in surgical care and further disad-
vantage the rural poor [21]. Urban patients were found to be traveling to and utiliz-
ing services at the NGO hospitals instead of seeking care at urban fee-for-service
hospitals. This work also emphasized the importance of correctly aligning equity
funds when attempting to defray healthcare costs for the poorest people; typically,
these costs pertain to transportation, food, and lodging, not necessarily the actual
hospital fees. Even in the United States, another study showed that patients in rural
communities have higher rates of perforated appendicitis even after adjusting for
age, gender, socioeconomic, and insurance status [22]. These three examples of in-
country disparities help explain the motivation behind national surgical plans and
universal access to surgical care.

Conclusion

These are historic and exciting times in the field of global surgery. We now know
that five billion people around the world do not have access to proper surgical
care when they need it. We also know that the overwhelming majority of these
individuals live in LMICs, but that the vast minority of annual surgical opera-
tions take place in those countries. New research has illuminated shocking dis-
parities in surgical care that exist in all levels of society, both in LMICs and
HICs.

With this new information comes new hope and new responsibility.
Humanitarians and health professionals must work together to effectively
reduce and ultimately prevent the global burden secondary to surgical disease.
Key policymakers and influential global initiatives are joining forces with dedi-
cated NGOs and local providers with the common goal of providing universal
access to surgical care. The evidence is clear and the future is bright; now is the
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time for surgeons from all specialties to get involved in this movement against
global disparities in surgical care.
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Surgical Care: Surgery’s Role
in Improving Public Health

Jaymie A. Henry and Raymond Price

Introduction

Surgical care, with its ability to save lives, mitigate lifelong disabilities, and improve
economic output for individuals, families, and communities, is gaining recognition
as a global public health priority and as an essential and transformative part of the
health-care delivery system. Less than 50 years ago, the vast majority of surgical
procedures in developed countries were performed in hospitals with waiting times
for elective operations that spanned weeks and months. With advances in technol-
ogy, changes in health-care delivery priorities, and growth of the medical work-
force, more than 50% of all operations are now performed either as an outpatient
procedure or in ambulatory surgical centers (ASC). In high-income countries, sur-
gery is safer, more accessible, and less expensive than at any other time in history.
These changes, alongside recent policy shifts, have the potential to make the trans-
formative power of this level of high-quality surgical care a global experience: one
available for people living in low- and middle-income countries (LMICs).

2015 was a watershed year for advocates of increased access to high-quality
surgery in low-income settings. Several landmark events occurred, representing the
collective efforts of individual, community, academic, and political will for global
surgical care. These included the publication of the World Bank Disease Control
Priorities 3rd Volume on Essential Surgery (DCP3) [1]; the convening of the Lancet
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Commission of Global Surgery [2]; the launch of the Global Alliance for Surgical,
Obstetric, Trauma, and Anesthesia Care (G4 Alliance) [3]; and the passage of a
World Health Assembly (WHA) resolution [4] on surgical care and anesthesia as a
component of universal health coverage. Advocacy efforts that have contributed to
increased political will for global surgical care have also included nongovernmental
organizations, grassroots efforts, surgical societies, and the contributions of tens of
thousands of hours donated by individual surgeons and health-care professionals.
These events occurred at an opportune period in history, as the United Nations
recently recognized the importance of achieving universal health coverage as a
Sustainable Development Goal [5].

Access to surgical care in developing countries has been long neglected and
poorly understood in the global public health framework. Recent estimates have
shown that there are as many as five billion people with little access to essential
surgical care [6]. As a result, minor injuries become life-threatening, common birth
defects become lifelong disabilities, and easily treatable conditions cause death [7].
The neglected surgery patient is one who suffers from the lifelong consequences of
inadequate treatment and management of common conditions such as obstructed
labor, cataracts, hernias, cancers, injuries, and untreated congenital and infectious
diseases.

Surgery as a Public Health Catalyst

Untreated surgical diseases are among the top 15 causes of physical disability
worldwide. More than 11% of the world’s burden of disease stems from condi-
tions that can be treated successfully with surgery [8]. There is no dispute that
surgery can and does save lives regardless of the setting in which it is performed.
Surgery also transforms lives and communities by offering affordable and direct
solutions for mitigating and preventing lifelong disabilities. In the case of disabil-
ity, surgery is not merely curative but also prevents the social and economic dis-
parities that accompany untreated disabilities. Like other public health solutions,
surgery improves the economic output and viability linked to improved popula-
tion health.

The depth of inequity and the disparities in surgical access both within and
between nations are difficult to fathom. In Burundi, there are 19 surgeons, 17 cen-
tered in the capital city, serving a nation of almost 11 million people. In Rwanda,
there is one surgeon for every 200,000 people [9]; in Tanzania, there is 1 surgeon for
every 300,000 people; this is compared to 18 surgeons for every 100,000 people in
Australia and 30 surgeons for every 100,000 people in the UK. Even within the
USA, “trauma deserts” are found in certain areas of Chicago where outcomes from
trauma such as gunshot wounds occurring more than 5 miles from a trauma center
were associated with an increased risk of death [10]. From LMICs to high poverty
regions in the USA, the lack of ready access to emergency and essential surgical
care presents an often deadly and costly public health hazard.
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The outbreak of the Ebola virus became a crisis of epic and historic proportions
because of weak and nascent public health infrastructures impacting national secu-
rity and regional economies in the worst affected countries such as Guinea, Liberia,
and Sierra Leone [11]. The lack of access to surgical care holds the potential for
similar, but less publicized catastrophes as demonstrated in the thousands of lives
lost due to inadequate access to emergency care following the devastating 2015
earthquake and its aftershocks in Nepal [12]. The same was true following the dev-
astating 2013 Typhoon Haiyan in the Philippines. Without adequate infrastructure
or without facilities outfitted and staffed to offer the most basic surgical responses
to trauma, lives are lost and lifelong disabilities are incurred.

In the case of Typhoon Haiyan, just over 27,000 people were reported injured
and more than 6,000 died [13] with little way of determining how many initially
survived the storm with significant injuries only to succumb a few a days later due
to lack of adequate medical care [14]. Medical missions and first-response surgical
teams reported treating soft tissue injuries, fractures, burns, and performing ampu-
tations [15, 16]. In Nepal, following the two 2015 earthquakes, more than 8,000
died and over 14,000 people were injured. As with the situation following Typhoon
Haiyan, surgical teams in Nepal reported that a lack of equipment, implants, and
skilled manpower to perform challenging procedures, such as internal fixation of
fractures, factored into an increased and potentially preventable morbidity rate [12].
In both cases, communities were devastated by a lack of access to surgical care
within the first 24 h following each disaster.

Need for a Shared Understanding Based on Evidence

Until recently, there was little shared understanding, framework, or consensus
around a roadmap for increasing global surgical access. Access to surgical care in
developing nations was perceived by many as simply impossible due to the cost of
surgical interventions and the magnitude of the need. To the contrary, evidence
shows that surgery as a part of the public health safety net can and does transform
communities. The effects of surgery on communities improve the capabilities and
support for general medical care, establish lines of trust and communication within
the community, pave the way for the integration of other health-care interventions,
increase the number of people returning to functional capacity, sustain robust work-
forces, and promote local microenterprise development [17].

The availability of certain index “essential operations” such as Cesarean sec-
tions, trauma care, or emergency laparotomy strengthens the overall health-care
system capabilities, which in turn expands possibilities for additional surgical and
medical care. Once the infrastructure for surgery is established, the same infrastruc-
ture can be used to support many different applications. For instance, as emergency
procedures are performed by well-trained practitioners with adequate infrastructure
development and support located within the community, more people will be
returned to functional capacity resulting in decreased mortality and long-term
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disability. Surgery can even open doors to improved primary care by establishing
lines of trust and communication in the community [17].

Essential surgical principles can augment other primary care capabilities like
neonatal resuscitation and airway management that can be lifesaving. As surgical
capacity increases, it is supported by improved infrastructure development such
as pathology, blood banking, laboratory, and x-ray capabilities with improved
diagnostic and treatment modalities that then support improved general medical
care [17]. Providing surgical care, especially in rural areas, has also been shown
to favorably impact improving other public health needs such as child malnutri-
tion and pre- and postnatal care for pregnant women [18]. Surgeons in resource-
poor regions have access to a phenomenal amount of information. Through the
Internet, LMICs (such as Ethiopia, Mongolia, and Ecuador) as well as high-
income countries (such as Europe or the USA) easily access international stan-
dards and guidelines applicable for quality surgical care worldwide. Expanding
and developing surgical care instills hope in the surgical care providers and the
community.

Essential Factors in Improving Public Health with Surgery

Transforming Power

The Essentials

* High-quality surgical care’s role in improving public health offers a much-
needed framework and a tool for building consensus around the
following:

* Low-cost, high-impact surgeries addressing trauma, maternal health,
acute emergency, and other essential surgical conditions can and do trans-
form community wellness.

o With current technologies and innovations, surgical care is affordable and
can be made available regardless of patient income.

e Technology and innovation can make surgery accessible where resources
are scarce outside of the urban centers.

The cost-effectiveness of surgical care in developing countries is being estab-
lished (Table 2.1). It is imperative that the impact of low-cost, high-output surgi-
cal fields such as trauma, maternal health emergencies, acute emergencies, and
other essential non-acute surgical conditions are fully understood. Moreover, it is
time to dispel the myth that surgical care is too expensive, a luxury only for those
who can afford it, and only available in urban centers where resources are
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Table 2.1 Cost-effectiveness of surgical interventions in low- and middle-income countries
(LMICs) [19]

Procedure Cost/DALY averted range
Basic surgical services US$ 0.93

Cataract surgery US$ 5.06-$106.00
Circumcision US$ 7.38-$319.29
Elective inguinal hernia repair US$ 12.88-$78.18)
Cleft lip and palate repair US$ 15.44— $96.04
Emergency cesarean section US$ 18-$3,462.00
Emergency and trauma surgery US$ 32.78-$223.00
Vitamin A supplementation US$ 6.00-$12.00
Highly active antiretroviral therapy for HIV US$ 922.00
Breastfeeding promotion US$ 930.00

Oral rehydration therapy US$ 1,062.00

concentrated. This myth has been challenged by several studies demonstrating the
cost-effectiveness of certain high impact surgical interventions [19, 20]. These
surgical cost-effectiveness studies need to be included in discussions that aim to
inform policymakers on the appropriate allocation of resources for health systems
strengthening.

Establishing Priorities

Prioritizing surgical interventions offers promise in informing public health efforts
and ensuring that primary care initiatives use evidence in making difficult decisions
for the allocation of limited resources. The term “noncommunicable diseases
(NCDs)” has come to mean the four major NCDs (cardiovascular disease, diabetes,
respiratory diseases, and cancer). These four diseases were agreed on by consensus
among the major stakeholders in NCDs. The measures used to select these four
major NCDs included disease burden, cost, impact, and availability of known inter-
ventions. In the realm of surgical care, the World Bank recommendations for priori-
tization of surgical conditions include 44 surgical conditions (DCP3) [1] that
correspond to 15 categories supported by more than 50 leading global surgical orga-
nizations [21] (Table 2.2).

Prioritization of surgery in global health efforts must also address and
respond to the information provided by essential and preventive surgeries.
From the WHO Essential Trauma Care Project [22] to the Safe Surgery Project,
[23] these are notable successes in prioritizing and increasing the safety of and
access to essential and emergency surgeries in high-, middle-, and low-income
nations.
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An Era of Change

In 2015, a landmark resolution on surgical care and anesthesia was passed at the World
Health Assembly (WHA) through the unanimous support of 194 member states, end-
ing decades of neglect [24]. WHA resolution A68_R15, “Strengthening emergency
and essential surgical care and anesthesia as a component of universal health cover-
age,” urges countries to improve provision of emergency and essential surgical care and
anesthesia at the primary health care and first referral hospital level [4].

The Essentials

o This resolution (A68_R15) introduces a potentially transformative oppor-
tunity to increase the attention and resources directed toward surgical and
anesthetic care, including:

» Appropriate analysis of surgical, obstetric, trauma, and anesthetic ser-
vices at the country level currently being provided by governments and
partners

 Identification of critical gaps in the provision of surgical, obstetric, trauma,
and anesthetic services

* Development of national surgical plans and integration into current health
plans

Specifically, the resolution acknowledges and recognizes surgical care and anes-
thesia services worldwide “as important public health investments that have so far
been left out of discussions on health systems strengthening, universal health cover-
age (UHC), and emergency and humanitarian response preparedness.” The resolu-
tion also “stimulates improvement in the provision of surgical and anesthesia
services as close to the people as possible.” The resolution specifically requests
member states to (1) identify and prioritize a core set of emergency and essential
surgery and anesthesia (EESA) services at the primary health care and first referral
hospital level and (2) to develop sustainable financing systems for provision of care.

The resolution recognized that “emergency and essential surgical care and anesthesia
are neglected but efficacious and cost-effective additions to the basic package of health
services and that strengthening emergency and essential surgical capacity together with
anesthesia, particularly at the first-level and referral hospitals, is a highly cost-efficient
solution to the global burden of disease.” [4] These efforts build critical consensus and
understanding about the true costs of care and the necessity of prioritizing surgical pro-
cedures and frameworks for essential and preventative surgical interventions.

An Affordable and Essential Solution

Systematic reviews of published data on the cost-effectiveness of surgical interven-
tions indicate that strategically selected surgeries have equal to or greater cost-
effectiveness as standard public health interventions (Table 2.1). While
disability-adjusted life years (DALYs) and DALYs-averted offer an important cost
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benefit for surgery as a public health intervention, it is critical to examine the other
costs incurred from a lack of surgical access. These include:

* A lack of educational and work opportunities for children born with debilitating
congenital deformities that results in lost income. In the Philippines, 83% of orofa-
cial cleft patients are unrepaired, incurring an estimated USD 73-88 million in lost
revenue. The cost of development of a national surgical infrastructure to address
cleft patients was estimated to adequately offset tax revenues regained [25].

* Inability to work due to debilitating neglected surgical conditions such as cata-
racts, fractures, hernias, and advanced tumors. In Pakistan, the prevalence of
blindness was more than three times higher among the poor compared with
affluent clusters in the same geographic region [26]. Cataracts are a condition
for which cost-effective surgical treatment exists. Governments can incorporate
national cataract surgical care programs as a means of poverty alleviation. Cost-
benefit analyses that include an assessment of lost wages, caregiver costs, and
other expenses associated with blindness can inform projects on the returns on
investments (ROIs) on inexpensive cataract procedures. Demographic and epi-
demiological data can further inform total costs saved by making a single pro-
cedure accessible as part of universal health coverage.

* Loss of trained clinicians to other countries or the “brain drain” in which medical
personnel seek employment in regions or nations with surgical infrastructures.
Localizing surgical operations and the microenterprise opportunities that can
accompany those endeavors can contribute to local economic development.

The Cost and Benefit of Surgical Care in the Developing World:
Case Studies

When presenting surgery as an essential and necessary part of the primary health-
care infrastructure in LMICs, the issues of economy, quality, and supply chain are
often raised. There is a misperception that high-quality essential and emergency
surgical services are not “affordable” or somehow prohibitively expensive in devel-
oping parts of the world or that the scale of change needed is impossible to achieve.

The Essentials

e Low-cost and high-yield solutions exist that address the delivery of surgi-
cal interventions for conditions that impose a high mortality and public
health burden in society (i.e., trauma, maternal health emergencies, acute
emergencies, and certain non-acute surgical conditions).

e [Innovations in surgical service delivery in India, Pakistan, Mozambique,
and Somaliland demonstrate that it is possible and economical to expand
the reach of high-quality surgical services from beyond the operating
rooms of centralized hospitals into the local systems of care in LMICs
(Boxes 2.1-2.3).
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Case studies such as those found in successes of Narayana Hrudayalaya Heart Hospital
in India [27] (Box 2.1), the Edna Adan Maternity Hospital in Somaliland [28], Indus
Hospital (Box 2.2) [29], and Aravind Eye Hospital in India [30] (Box 2.3), illustrate
that not only is it possible to provide high-quality essential and preventive surgeries, it
is also possible to provide high-quality and affordable specialty surgical care as well.

Case Studies

The following case studies demonstrate tangible solutions for cost-effective surgical
care in developing nations. These case studies have been selected because of the range
of surgical care provided; from cardiac to cataract, these examples share high-quality,
replicable, and scalable approaches. Each of the programs examined in the case stud-
ies is premised on the dual values of exemplary quality and affordable surgical care.
The programs also embrace innovation in technology, staffing, and human resource
development. Similarly, each program has overcome the barriers represented by the
cost of providing care and workforce shortages through high volume operations.

Box 2.1 Narayana Hrudayalaya Heart Hospital (NH)

NH is an essential case study that demonstrates that high-quality, cost-
effective surgery can be provided in low-income settings that have workforce
shortages. Through the use of innovation in patient care, organizational struc-
ture, staffing, and delivery systems that maximize efficiencies in every area of
operations, NH is realizing its vision to provide cost-effective and high-quality
cardiac surgical care even in areas of India without established cardiac surgi-
cal programs. Today, only 8% of the world’s population can afford heart oper-
ations. With current levels of surgical staffing, India is estimated to have the
capacity to perform 80,000-90,000 heart surgeries annually. This compares
with the large unmet need for heart surgery globally with approximately 2.5
million people, many from very low-income countries, annually. Without
treatment, these cardiac conditions become disabilities resulting in loss of
income and, oftentimes, death.

The operational strategy at NH follows the dual principle of highest quality
at the lowest cost. There were no compromises made in the quality of the
hospital’s facilities, equipment, or support services. The hospital uses novel
technologies and innovations to reduce costs of diagnostic procedures and to
monitor supply chain on a granular level, and from 2001 to 2011, the hospital
has completed over 11,228 open-heart surgeries (OHS), half of which were
pediatric. In 2004 alone, it performed 4,276 surgeries, of which 1,467 were on
children. The lower cost has not come at the expense of quality. NH’s mortal-
ity rate (1.27%) and infection rate (1%) for a coronary artery bypass graft
procedure is as good as that of US hospitals’ (mortality rate; 1% for low risk,
2-5% all patients) [31] and better than Brazil’s mortality rate (6%) [32].
Incidence of bedsores after cardiac surgery is anywhere between 8% and 40%
globally. At NH, it has been almost zero in the last 4 years [33]. To
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complement the surgeries, NH also performed 5,430 catheterization proce-
dures in 2004. Calling his strategy “the Wal-Martization of health care,”
founder Dr. Shetty and his team leveraged their strong reputation in cardiac
care to perform a high number of procedures while maintaining high quality.
NH performed approximately 19 OHS and 25 catheterization procedures a
day, almost eight times the average of other Indian hospitals. The potential of
NH to offer a distinct model to take cardiac care to the masses is clear.

To provide affordable cardiac care to the masses, NH followed a hybrid strat-
egy of attracting paying patients by virtue of its reputation for high-quality care
combined with a relentless focus on lowering its costs of operation wherever pos-
sible so that a larger number of people could afford to seek treatment. The surplus
gained from paying patients was used to subsidize procedures performed at, or
below, cost for patients who could not afford the full fee. In 2004, the proportion
of patients who paid NH’s full price to those who could not afford to pay was
about 60:40. The break-even price for a typical OHS at NH was approximately
90,000 rupees (Rs.) (US$2,000) for adults and Rs. 130,000 (US$2,900) for chil-
dren. This compared with over US$324,000 for OHS performed in the USA.

A major component of Dr. Shetty’s ambition was to provide cardiac care to
the rural poor through the use of telemedicine that builds the capacity of general
practitioners (GPs). In order to provide immediate treatment and care in rural
areas, Dr. Shetty set up nine coronary care units (CCUs) across India, linked to
NH or Rabindranath Tagore Institute (RTI) of Cardiac Sciences, a 150-bed heart
hospital with 3 operating theaters and a 22-bed intensive care unit using modern
training and technology. GPs at the CCUs assess, monitor, and administer treat-
ment to patients with consultation from specialists in NH. This extends even to
remote areas with a network of around 100 family physicians that allows
patients early access to cardiac care through local clinics that capture diagnostic
information that is shared electronically with NH. Patients in remote areas are
triaged, stabilized, and then referred and transported to appropriate treatment.
NH is just one example of how high-quality surgical care can be scaled and
provided in a cost-effective manner in a profoundly under-resourced and under-
served area. As founder Dr. Shetty says, “The wealth of a nation has little to do
with the quality of health care its citizens can enjoy.”

Box 2.2 Indus Hospital

Indus Hospital in Pakistan is a nonprofit, private charity hospital that opened in
July 2007 to serve a catchment area of about 2.5 million people. The founders
of Indus Hospital believe that all patients have a right to the latest technology in
medicine and high-quality care, regardless of ability to pay. Indus provides
high-quality surgical services and impacts health in a resource-constrained set-
ting. They use a unique financing structure to offer free care, which is in high
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demand given Pakistan’s health-care system and its political, socioeconomic,
and epidemiological context. Seven years since its founding, Indus has provided
43,209 inpatient services, 1,782,222 outpatient services, and 108,045 surgeries
worth USD 36,855,937.

Typically, charity hospitals provide curative services or focus on a surgical
specialty area. However, early on, Indus Hospital researchers conducted stud-
ies that mapped health resources and showed linkages between improved sur-
gical outcomes and access to primary care delivery systems. This created
awareness among surgeons and co-founder Dr. Zaidi “that one hospital could
make a difference not just for individual patients, but could potentially impact
the health of an entire community.” This case illustrates the importance of
integrating surgical care into the larger health system while planning expan-
sion of service delivery to include primary and preventive care. In fiscal year
2010-2011, the hospital had an average daily census of 96 patients and admit-
ted 11,500 patients. The 113 general ward beds were full 90% of the time. The
intensive care and cardiac care units (each with six beds) were almost always
full. The hospital was unprepared for the exponential growth in emergency
department patients, which increased from 1,500 patients in fiscal year 2007—
2008 to nearly 100,000 patients in fiscal year 2010-2011. Doctors in the
24-hour, 10-bed emergency department saw more than 400 patients per day.

Operating theaters are utilized 24 hours a day with elective surgeries being
performed at night; Indus recognized value in high volume. To meet the demand
for services, the hospital developed staff training programs based on internally
created standard operating procedures. To ensure reliability and appropriateness
of care delivered, the hospital was working toward developing ways to assess
the quality of care and to hold clinicians accountable. One of the biggest chal-
lenges for the leadership of Indus Hospital is the exponential demand for
increasing services. No one is turned away for lack of ability to pay. Creative
approaches to pay are employed, such as booking elective surgeries for paying
patients at night to offset the cost of no or low fee surgeries performed during
the day. There is a recognized need to enhance the link between inpatient and
outpatient care in order to prevent unnecessary hospitalizations and ensure that
patients stayed healthy after being discharged. The tertiary facility has to be part
of a care network that is adapted to the local needs.

Box 2.3 The Aravind Eye System

Aravind Eye System, founded in 1976 in India, by Dr. Venkataswamy (Dr. V),
is a hybrid business encompassing several eye hospitals in India, educational
and training programs, and a research foundation. As with the other projects
that increase access to surgery, this one also takes an innovative approach to
service delivery and provides a high volume of surgeries.
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Project Impact, an established Aurolab in India, is a major and critical
operating partner of Aravind Eye Care System in its role of reducing supply
chain costs. Aurolab manufactures intraocular lenses at about $4 each in
India, compared to $100 in the USA. As a nonprofit charitable trust, Aurolab
provides affordable intraocular lenses, suture, pharmaceuticals, and eye-
glasses that facilitate over 300,000 eye surgeries performed annually
at Aravind. This has led to the standardization and engineering of cataract
surgery for high volume production. Incorporating training of staff is key to
the success of the program. Roughly 900 ophthalmic assistants are trained
every year to assist specialist doctors in providing efficient eye care. A
recent Aravind Eye Hospital research study quantified the economic and
social impact on postsurgery Indian cataract patients. The study indicated
that 85% of men and 58% of women regained the jobs they lost due to cata-
racts [34]. This allowed family caregivers to go back to work as well. The
study concluded an increase in household income in the first year after sur-
gery of patients that was equivalent to 15 times the cost of cataract surgery.
Today, the Aravind Health Care System includes five Aravind Eye Hospitals
and two Aravind Managed Eye Hospitals. Aravind also reaches out to the
public by promoting sponsors in local communities to create eye camps for
rural patients who cannot access the eye care facilities in major cities and
hubs — making Aravind Eye Care System the largest eye care program in the
world.

Prioritization of Surgical Conditions

Surgery is a treatment modality that spans the entire range of human disease. The
scope of surgical care further complicates measurement of the prevalence and
effect of surgical conditions on the population. One of the challenges surround-
ing the surgical debate is that health conditions cannot be neatly split between
conditions that require surgery and those that do not. The dialogue is further
complicated by the perception that low-cost means low-quality surgery; these
misperceptions are addressed through the examination of case studies presented
(Box 2.1-2.3). Other factors necessitate the employment of essential surgery
frameworks in setting policy and resource priorities. The term “Essential
Surgery” was developed to create a basis for prioritizing surgical conditions and
drew inspiration from the concept of ‘Essential Medicines,” a well-established
concept in global health. “Essential Medicines” are “those drugs that satisfy the
health care needs of the majority of the population; they should therefore be
available at all times in adequate amounts and in appropriate dosage forms, at a
price the community can afford” [35]. This standard was used to shape the debate
and consideration of both essential surgical procedures and the conditions to be
treated.
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Although ‘surgical conditions’ were previously defined as “any condition that
requires suture, incision, excision, manipulation, or other invasive procedure that
usually, but not always, requires local, regional, or general anesthesia, [36]” this
definition precludes surgical conditions for which non-operative intervention is
indicated (i.e., non-operative management of small bowel obstruction (SBO),
uncomplicated diverticulitis) and involves dedicated surgical training to master its
management. Thus, an expanded definition is warranted that encompasses the
nature of surgical disease which a fully trained surgeon addresses on a daily basis.

Initial policy efforts have focused on high-impact, low-cost surgical interven-
tions including: cataract surgery, hernia repair, cleft lip and palate repair, trachoma
surgery, hydrocephalus repair, and cesarean section, all of which were determined
to be very cost-effective. More recently, an expert panel comprising five of the
world’s most distinguished economists noted a compelling need to strengthen surgi-
cal capacity in the developing world, where low-cost investments could be highly
effective. Moreover, given a budget of USD 75 billion to solve the world’s biggest
global health challenges, the panel suggests an investment of USD 3 billion per year
toward strengthening surgical care, one of the highest ranked suggested investments
among the listed priorities [37].

The Essentials

Essential surgery has been differentiated to mean basic surgical procedures,
which save lives and prevent permanent disability or life-threatening compli-
cations and treat essential surgical conditions, medical needs that meet the
following criteria [7]:

* Are interventions that primarily or extensively treat basic and common
surgical conditions

* Address conditions with a large health burden

* Address conditions that can be successfully treated by a known surgical
procedure and other surgical care that is effective, cost-effective, and fea-
sible to promote globally

Essential surgeries and the conditions they treat should also be “appropriate, high
quality, safe, accessible at all times, and affordable to the community.” Low-cost and
readily accessible should not be equated with lower or substandard quality of care.

Various groups have proposed different methods for identifying the conditions
and procedures for an essential surgical agenda:

1. The World Bank Disease Control Priorities (DP3): “Essential Surgery Package”
(44 surgical conditions)

2. The Lancet Commission: “Bellwether Procedures” (three bellwether procedures)

3. The International Collaboration for Essential Surgery (ICES) supported by the
Amsterdam Declaration on Essential Surgery (15 surgical conditions)
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The Disease Control Priorities 3 (DCP3)

The Disease Control Priorities 3 by the World Bank (DCP3) has a dedicated vol-
ume on surgery that proposes 44 surgical procedures (Table 2.2). The procedures
detailed in column three treat conditions that account for 4.7 million deaths
(nearly 10 % of all deaths) in LMICs. This figure likely underestimates the dis-
ease burden from surgical diseases as the burden of several common surgical con-
ditions (e.g., bowel obstruction or gallbladder disease) are not included as distinct
entities in the WHO Global Health Estimates. The list of procedures also takes
into account the cost-effectiveness of surgical platforms and facility types. Basic
essential procedures are likely to be cost-effective when delivered at any level of
the health-care system. However, the first-level hospital has been found to be
especially cost-effective as a surgical delivery platform, with costs of US$10-
US$220 per DALY averted for all surgical care delivered, across a wide range of
LMICs [38-40].

DCP3 recognizes the potential for essential surgery to cost-effectively address a
large burden of disease and offers viable short- and long-term options for improving
access to quality surgical care. Using a rubric that assesses quality, number of pro-
cedures, and access to care, the DCP3 posits a formula that predicts best investment
choices to impact improvements in access, quality, or increased surgical services.
This rubric includes identified platforms of essential surgical procedures that are
suggested to be made available at the community facility and primary health cen-
ters, first-level hospitals, and referral and specialized hospitals (tertiary centers) [1].

The Lancet Commission on Global Surgery “Bellwether
Procedures”

The Lancet Commission on Global Surgery is an effort to summarize current knowl-
edge in the field of global surgery as well as to identify recommendations for
strengthening surgical services both nationally and internationally through addi-
tional research. It is unequivocal in its position that surgery is an “indivisible, indis-
pensable part of health care” and in its assertion that surgical and anesthesia care
should be an integral component of a national health system in countries at all levels
of development [2]. In conjunction with the WHO Information Management
Working Group, the Lancet Commission identified the capacity and preconditions
necessary to perform three procedures that could serve as “bellwethers” for the
readiness of health-care delivery systems to provide up to 24 essential surgical pro-
cedures (Table 2.2). As with the other assessment methodologies, metrics including
population size, access to surgery, workforce capacity, and unmet need were fac-
tored into determining “bellwether procedures.” These procedures can guide policy-
makers in assessing mature and established surgical systems’ capacity to provide
surgical care and identify gaps for improvement.
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Data from 1,009 facilities obtained via convenience sample of self and researcher-
reported facility surveys from 52 countries were used to ultimately interrogate the
hypothesized three “bellwether procedures”; emergency cesarean delivery, laparot-
omy, and treatment of open fracture. These three procedures provide metrics to
predict the capacity for management of other WHO primary care package proce-
dures (Table 2.2).

Using a “three-delay” framework adapted from maternal health, [41, 42]
(Fig. 2.1), the Lancet Commission made recommendations for leveraging existing
health resources to create new efficiencies in health-care delivery and management.
This framework identifies the interdependency of existing health-care delivery sites
and makes recommendations to discuss surgical and anesthesia care delivery at the
first-level hospital.

Using this framework and the “bellwether” procedures, the commission laid out
an ambitious recommendation to track six indicators that can monitor progress
toward achievement of universal access to safe, affordable, surgical, and anesthesia
care when needed [2] (Table 2.3).

International Collaboration for Essential Surgery (ICES) 15
Surgical Conditions

The International Collaboration for Essential Surgery (ICES) convened as a
group of practicing surgeons, educators, academics, and policymakers to pro-
mote the effective use of 15 categories of low-cost surgical interventions that
save lives and prevent disability around the world. Through a process that
included reviewing original data obtained from surgical registries of surgical

Socioeconomic and
cultural characteristics

Delay 3: receiving
adequate and
appropriate treatment

T T

Accessibility Quality of care
of health facilities

Delay 1: Deciding to Delay 2: Identifying and
seek care reaching a health facility

Fig.2.1 The three-delay model in emergency care [41]
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Table 2.3 Proposed six indicators of the Lancet Commission on Global Surgery [2]

Indicator Definition

Group 1: preparedness for surgical and anesthesia care

Access to timely essential | Proportion of the population that can access, within 2 h, a facility
surgery that can do cesarean delivery, laparotomy, and treatment of open
fracture (the bellwether procedures)

Specialist surgical Number of specialist surgical, anesthetic, and obstetric physicians

workforce density who are working per 100,000 population

Group 2: delivery of surgical and anesthesia care

Surgical volume Procedures done in an operating theater, per 100,000 population
per year

Perioperative mortality All-cause death rate before discharge in patients who have had a

procedure in an operating theater, divided by the total number of
procedures, presented as a percentage

Group 3: effect of surgical and anesthesia care

Protection against Proportion of households protected against impoverishment from

impoverishing expenditure | direct out-of-pocket payments for surgical and anesthesia care

Protection against Fraction of households protected against catastrophic expenditure

catastrophic expenditure from direct out-of-pocket payments for surgical and anesthesia
care

trainees from LMICs, and conducting literature searches to identify relevant
articles that documented surgical registries in developing countries, an analy-
sis was done to identify the type and frequency of surgical procedures per-
formed. Experts in the field were consulted with the above findings to compile
a list of 15 categories of essential surgical procedures that are posited to
address almost 80% of the burden of surgical disease in a community [7]
(Table 2.2). The effort inspired the creation of “The Amsterdam Declaration,”
[21] a statement from 51 major global surgical organizations urging all nations
of the world to support the World Health Assembly resolution on strengthen-
ing emergency and essential surgical care and anesthesia as a component of
universal health coverage through the provision of 15 essential surgical inter-
ventions [21].

Like the other frameworks detailed above, ICES also supports prioritizing and
focusing on essential surgical procedures and conditions. Nonphysician providers
and medical officers who receive specific and narrow training in targeted surgical
procedures can often provide these interventions.
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The Essentials
Based on these actions, ICES recommends a seven-point strategy for ensuring
that surgery transforms public health [43]:

1. Incorporate essential surgical care as part of national health services
within universal health coverage (UHC).

2. Realign and increase the allocation of resources to improve essential sur-
gical care delivery.

3. Make training accessible to health workers providing essential surgical
care.

4. Ensure the provision of supplies, equipment, and infrastructure for safe,
essential surgical care.

5. Develop protocols for ethical surgical practice, assessment, audit, and
follow-up.

6. Optimize collaboration among all stakeholders such as professional orga-
nizations, institutions, charities, and funding agencies to avoid duplication
and maximize efforts to promote essential surgical care.

7. Support the proposed World Health Assembly resolution “Strengthening
emergency and essential surgical care and anesthesia as a component of
universal health coverage” in May 2015.

Summary

It is clear that regardless of the specific framework employed there is an increasing
consensus on the importance of prioritizing essential and emergency surgery as a
foundational and transformative part of universal health coverage and primary care
service delivery. “Surgery is an indivisible, indispensable part of health care [6].”
Surgical and anesthesia care should be a robust component of national health sys-
tems in countries at all levels of development and can and will change the landscape
of health care while supporting economic, workforce, and community 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,
reproductive, maternal, neonatal, and child health and to ensuring readiness for
addressing disasters. Universal health coverage and the health aspirations set out in
the sustainable development goals (SDGs) are possible by ensuring that surgical
and anesthesia care is available, accessible, safe, timely, and affordable.
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Introduction

Surgical care in LMICs, a therapeutic necessity for the treatment of almost a
third of the burden of human diseases, has long been hindered by the miscon-
ception that it is too expensive for settings of limited resources, or that it has
limited public health value [1]. The consequences of this neglect have made a
bad situation worse. Currently, almost 70% of the world’s population lacks
access to safe, affordable, and timely surgical and anesthesia care, including
over 90% of those living in the world’s poorest regions [2]. Fortunately, research
over the past 15 years is changing how surgical care is viewed within global
health. A more contemporary view of emergency and essential surgical care is
that it is a cross-cutting intervention with a role in a wide spectrum of clinical
problems; capable of addressing a large burden of disease while strengthening
health systems, and cost-effective as many other widely accepted public health
interventions.

In this chapter, we trace the remarkable transition in thinking that has occurred
around the economics of surgical care in LMICs. First, we provide a brief overview
of global economic development and its relationship to health. We then review
research demonstrating the economic importance of surgical care. The chapter con-
cludes with a section on the financing of surgical care in the era of the new
Sustainable Development Goals (SDGs).
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Brief Overview of Global Economic Development and Its
Relationship to Health

The Essentials

* A new focus on global economic development originated post-World War I1

* Global economic growth has been substantial but uneven

* A healthy population is critical for economic growth, and vice versa

* The World Bank and other institutions view improved health as a vehicle
for growth

The concept that global economic development is important originated in the
reconstruction period following World War II [3]. The rationale for this new
found enthusiasm for global economic development is perhaps best illustrated by
some of the comments made by President Harry Truman in his 1949 inaugural
speech [4]:

More than half the people of the world are living in conditions approaching misery. Their
food is inadequate; they are victims of disease. Their economic life is primitive and stag-
nant. Their poverty is a handicap and a threat both to them and to more prosperous areas.
For the first time in history humanity possesses the knowledge and the skill to relieve the
suffering of these people ... I believe that we should make available to peace-loving peoples
the benefits of our store of technical knowledge in order to help them realize their aspira-
tions for a better life... Greater production is the key to prosperity and peace. And the key
to greater production is a wider and more vigorous application of modem scientific and
technical knowledge.

By the time Harry Truman was elected president, international efforts were
already underway to improve social and economic development in some of the
least developed areas of the world. The World Bank was created in 1944 with the
stated goal of eradicating global poverty, attempting to do this by providing loans
to developing countries for capital programs [5]. In 1948, the World Health
Organization (WHO) was organized with the mandate to attain the highest pos-
sible level of health for all people through coordination of international public
health efforts [6].

Since then, the world has made significant gains in reducing the number of
those most impoverished. According to the World Bank’s most recent estimates,
the percent of the world’s population living at or below $1.90 per day has
declined from 44% in 1981 to 12.7% in 2012 [7]. These numbers translate into
almost a billion people living at or below the $1.90 per day in 2012. If the
slightly higher income cutoff of $3.10 per day is used, this exceeds two billion
people. Moreover, reductions in poverty have not been uniform across the world.
As an example, more than two-fifths of individuals in Sub-Saharan Africa still
live in poverty.
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It has long been recognized that economic development and health are inextricably
linked [8]. In general, economic growth results in higher private incomes that allow
for greater investments in social services such as healthcare, safe drinking water, and
public education. The converse is also true: healthier populations achieve greater eco-
nomic growth. The reason for the latter is that improved health and adequate nutrition
lead to increased productivity; decreased disability and illness reduce production
losses by creating a more robust labor pool; and healthy children are better prepared
for learning, education, and economic advancement [9]. In fact, an increase in life
expectancy of a population from 50 to 70 years is estimated to raise the rate of GDP
growth by 1.4% per year, while undernutrition is known to reduce global economic
output anywhere from 0.23% to 4.7% [10, 11]. Improvements in social services (such
as access to healthcare) also address income inequality, as the impact of social ser-
vices is usually distributed evenly across the community, benefiting everyone.

In the late 1980s, the World Bank began to focus more closely on health care
in LMICs. As part of this effort, they reviewed their disease control priorities and
began using cost-effective analysis to inform decision making on how to distrib-
ute the limited resources available for health care in LMICs. This process resulted
in the 1993 publication of the first edition of Disease Control Priorities in
Developing Countries (DCPI) [12]. In the same year, the World Bank examined
the case for investing in health in their 16th Annual World Development Report
(WDR) [13]. WDRs are the World Bank’s chief mechanism for evaluating the
evidence on a specific topic and for developing and sharing its policy messages
with countries, development agencies, and the academic community; and are one
of the world’s most widely distributed economic publications. The WDR 1993:
Investing in Health [13] showed finance ministers that well-chosen health expen-
ditures were not an economic drain but an investment in economic prosperity and
individual wellbeing. It argued that allocation of resources toward cost-effective
interventions for high-burden diseases offered a rapid and inexpensive pathway
to improvements. The WDR 1993 used the findings of DCPI and was based on
the first global and regional estimates of numbers of deaths by age, sex, and
cause and of the burden (including the disability burden) from more than 100
specific diseases and conditions.

On the 20th anniversary of the WDR1993, a Lancet Commission revisited the
case for investment in health and proposed a new investment strategy to achieve
dramatic health gains by 2035 [14]. The key findings of the Commission report, as
stated in executive summary, are shown in Panel 3.1.

Panel 3.1 The Key Findings of the Lancet Commission on Investing in

Health [14]

e There is an enormous payoff from investing in health. The returns on
investing in health are impressive. Reductions in mortality account for
about 11% of recent economic growth in low- and middle-income coun-
tries (LMICs), as measured in their national income accounts. However,
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although these accounts capture the benefits that result from improved eco-
nomic productivity, they fail to capture the value of better health in and of
itself. Between 2000 and 2011, about 24% of the growth in full income in
LMICs resulted from the value of additional life-years (VLYs) gained.
This more comprehensive understanding of the economic value of health
improvements provides a strong rationale for improved resource allocation
across sectors.

* A “grand convergence” in health is achievable within our lifetimes. A
unique characteristic of our generation is that collectively we have the
financial and the ever-improving technical capacity to reduce infectious,
child, and maternal mortality rates to low levels universally by 2035, to
achieve a “grand convergence” in health. With enhanced investments to
scale up health technologies and systems, these rates in most LMICs
would fall to those presently seen in the best-performing middle-income
countries. Achievement of convergence would prevent about ten million
deaths in 2035 across LMICs relative to a scenario of stagnant invest-
ments and no improvements in technology. With use of VLYSs to estimate
the economic benefits, over the period 2015-2035 these benefits would
exceed costs by a factor of about 9-20, making the investment highly
attractive.

e Fiscal policies are a powerful and underused lever for curbing of non-
communicable diseases and injuries. The burden of deaths from noncom-
municable diseases (NCDs) and injuries in low- and middle-income
countries can be reduced by 2035 through inexpensive population-based
and clinical interventions. Fiscal policies are an especially promising
lever for reducing this burden (see last section of the chapter for further
details).

e Progressive universalism, a pathway to universal health coverage
(UHC), is an efficient way to achieve health and financial protection. The
Commission endorsed two pro-poor pathways to achieving UHC within
a generation. In the first, publicly financed insurance would cover essen-
tial health-care interventions to achieve convergence and tackle noncom-
municable diseases and injuries. This pathway would directly benefit the
poor because they are disproportionately affected by these problems. The
second pathway provides a larger benefits package, funded through a
range of financing mechanisms, with poor people exempted from
payments.

The significance of the Lancet Commission on Investing in Health is that it rep-
resents a culmination of economic thinking on global health development over the
past 30 years. Moreover, it delineates a pathway through which dramatic health
gains can be achieved by 2035.
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The Economic Case for Surgical Care in LMICs

The Essentials

e Surgical conditions comprise a large proportion of the global burden of
disease

e The Disease Control Priorities (DCP)-2 and DCP-3 unequivocally
demonstrate the cost-effectiveness of surgical care at the first-level
hospital

e The Lancet Commission on Global Surgery showed significant economic
losses due to the burden of surgical conditions

Although surgery is only briefly mentioned in DCP/ and WDR 1993, both are
incredibly important from a surgical perspective, as nearly every important eco-
nomic theme in global surgery (e.g., cost-effective analysis) evolved from these
works. Why surgical care was not better represented in this initial work is an
important question, but probably best explained by the minimal data demonstrat-
ing surgical conditions as an important public health problem at the time. Further,
it was not until almost a decade later that the comparative cost-effective analysis
methods were applied to surgical care. In a seminal study from Bangladesh in
2003, McCord and Chowdhury reported that the cost of emergency obstetric care
at a rural hospital in Bangladesh was US $11 per disability adjusted life-year
(DALY) averted [15]. This finding surprised many in the public health field at the
time, as these costs compared favorably with many other primary health care
interventions, such as vitamin A distribution (US $9 per DALY averted), acute
lower respiratory infection detection and home treatment (US $20 per DALY
averted), or measles immunization (US $30 per DALY averted) [16, 17]. The
concept of the DALY is shown in Fig. 3.1, with important economic principles in
global surgery described in Panel 3.2. The cost of selected surgical interventions
and how they compare to other global health preventions and treatment are shown
in Fig. 3.2.

Disability adjusted life years is a measure of overall disease _ YLD + YLL
burden, expressed as the cumulative number of years lost due to ~  Years lived with disability Years of life lost

ill-health, disability or early death

(] o
D
[
\/' ‘\,
(24
L LU B el e yones
Early death life years

Fig.3.1 The disability-adjusted life year (DALY). The DALY is the cumulative number of years
lost due to ill-health, disability, or early death, and has become the cornerstone of cost-effectiveness
analysis [32] (Reprinted from Disability-adjusted life year [32])
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Panel 3.2 Important Concepts in the Economics of Surgical Care in LMICs [29-31]
How Is Cost-Effectiveness Calculated?

Several metrics can be used to measure cost-effectiveness of surgical inter-
ventions. Three of the most popular are:
* Cost per DALY averted (DALY = YLL + YLD)
* Cost per life year saved (LYS)
» Cost per quality associated life year (QALY)* gained

“The QALY is a measure of the quality and quantity of a life lived. In some
ways, it is simply the inverse measure of the DALY, but there are many impor-
tant nuances [29].

What Is Considered “Cost-Effective”?

It depends on the country from whose perspective cost-effectiveness is
calculated. According to the World Health Organization’s Commission on
Macroeconomics and Health [9], an intervention that costs less than triple a coun-
try’s per capita GDP, it is considered “cost effective,” whereas if it costs less than
the country’s per capita GDP, it is considered “very cost effective.” Unfortunately,
cost effectiveness data is still scarce in most of the low-resource world.

What Is Benefit Cost Analysis (BCA)?

BCA attempts to estimate the net economic benefit of an intervention in
monetary terms. It thereby allows researchers to investigate the potential eco-
nomic return on an investment. It allows governments to compare investments
in health as opposed to other sectors (transportation, education, etc.).

How Does BCA’s Estimate of Economic Benefit Extend Beyond GDP and
DALYs?

The BCA approach assumes that GDP per capita does not fully capture a
country’s economic welfare, and hence develops a methodology to value
additional life years in economic terms [30]. It employs the value of statistical
life (VSL) concept (e.g. if an individual would be willing to pay US$7 to
decrease the risk of mortality by one in one million, then this individual’s VSL
would be US$7,000,000) [31]. The economic benefit, then, is calculated as
the DALY averted * value of statistical life-year (VSLY).

1
800

Fig.3.2 Cost-effectiveness of surgical interventions. The cost effectiveness of surgical interven-
tions is similar to some of the most widely used global health prevention and treatment [33]
(Reprinted from Chao et al. [33], © 2014, with permission from Elsevier)
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Fortunately, the lack of attention to surgical conditions in DCPI would begin to
be remedied in the Disease Control Priorities, Second edition (DCP2) with a chap-
ter focusing on surgical care [18]. The DCP2 chapter, perhaps best known for its
estimate that 11% of the global burden of disease was treatable by surgical care,
demonstrated that surgical treatment provided in low-tech community hospitals is
cost-effective. DCP2 was also a step forward in several other respects. While DCP1
focused on clusters of the diseases, DCP2 drew together implementation responses
to groups of conditions—for example, schools, health systems, and integrated man-
agement of childhood diseases. DCP?2 also included discussions on research priori-
ties and product development opportunities.

The marked success of the surgical chapter in DCP2 led to an entire volume
being devoted to surgical care in the third edition of the Disease Control Priorities
(DCP3). The DCP3 project, which is ongoing, involves the World Bank, the World
Health Organization (WHO), the Gates Foundation, and several other notable
groups. Released in February 2015, the Essential Surgical volume of DCP3 is the
most comprehensive effort to date to evaluate the cost-effectiveness and population-
wide effect of surgical care [19]. The important findings of the Essential Surgical
volume of DCP3 are shown in Panel 3.3.

Panel 3.3 Important Findings of the Essential Surgical Volume of DCP3 [19]

* Provision of essential surgical procedures would avert about 1.5 million
deaths a year, or 6-7% of all avertable deaths in low-income and middle-
income countries.

* The avertable burden from scaling up basic surgical care at first-level hos-
pitals and advanced care in specialized clinics in LMICs (116.1 million
DALYs per year) exceeds the unaddressed global burdens of HIV/AIDS
(81.6 million DALYS), tuberculosis (49.4 million DALYs), or malaria
(82.7 million DALY3s).

* Essential surgical procedures rank among the most cost-effective of all
health interventions. These procedures are all very cost-effective, with
most costing $10-$100 per disability-adjusted life year (DALY) averted.
This puts cost-effectiveness of surgical care in the same range as accepted
and extremely cost-effective public-health interventions such as immuni-
zations and bed nets for prevention of malaria.

e 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.

* Substantial disparities remain in the safety of surgical care, driven by
high perioperative mortality rates including anesthesia-related deaths
in LMICs.

e The large burden of surgical disorders, cost-effectiveness of essential sur-
gery, and strong public demand for surgical services suggest that universal
coverage of essential surgery should be financed early on the path to uni-
versal health coverage.
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Several months after the release of the Essential Surgical Volume of DCP3 the
Lancet Commission on Global Surgery published their findings [20]. Close col-
laboration between the two groups ensured that research efforts would not be
duplicated. The Lancet Commission on Global Surgery brought together an inter-
national, multidisciplinary team of 25 commissioners, supported by more than
500 advisors, collaborators, and contributors from 110 countries and 6 continents.
The Commission focused on solutions within domains of health-care delivery and
management; workforce, training, and education; economics and finance; and
information management. The Commission had five key messages, a set of indi-
cators and recommendations to improve access to safe, affordable surgical and
anesthesia care in LMICs, and a template for a national surgical plan. The key
messages from the Commission report are shown in Panel 3.4. Considered
together, the Essential Surgery volume of DCP3 and Lancet Commission on
Global Surgery provide a strong economic argument for including emergency and
essential surgical care as part of health care systems in LMICs.

Panel 3.4 Key Messages from The Lancet Commission on Global Surgery [20]

* Five billion people do not have access to safe, affordable surgical, and
anesthesia care when needed. Access is worst in low-income and lower-
middle income countries, where nine of ten people cannot access basic
surgical care.

*  One-hundred forty-three 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, treat-
able surgical conditions. Unmet need is greatest in eastern, western, and
central sub-Saharan Africa, and South Asia.

o Thirty-three million individuals have 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 nonmedi-
cal costs of accessing surgical care. A quarter of people who have a surgi-
cal procedure will have 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.

o 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 ser-
vices at rates achieved by the present best-performing LMICs, two-thirds
of countries would be able to reach a minimum operative volume of
5,000 surgical procedures per 100,000 population by 2030. Without
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urgent and accelerated investment in surgical scale-up, LMICs will con-
tinue to have losses in economic productivity, estimated cumulatively at
US $12.3 trillion (2010 USS$, purchasing power parity) between 2015
and 2030. Globally, this will amount to $21 trillion in losses of economic
productivity, and up to 2% of GDP in some of the world’s poorest econo-
mies (Fig. 3.3).

o Surgery is an “indivisible, indispensable part of health care”. 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 cov-
erage 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.

Financing Surgical Care in the Era of the Sustainable
Development Goals (SDG)

The Essentials

* Achieving the SDGs will require universal access to surgical and anesthe-
sia care

e Economic losses in LMICs from burden of surgical conditions will amount
to $12.3 trillion through 2030

» The estimated cost of scaling up surgical care in LMICs is between $300
and 500 billion

* A combination of international and national-level funding sources will be
required to finance the surgical scale-up

The SDGs, which have an end target date of 2030, have the potential to further cata-
lyze the progress that has been made in global health. In contrast to the Millennium
Development Goals (MDGs) which had eight specific targets to address extreme
poverty—with several relating directly to health, the new agenda has one overarch-
ing health goal—SDG3 ensure healthy lives and promote wellbeing for all at all
ages. As noted by Abdullah and Henry [21], surgery best fits under target 3.8:
achieve universal health coverage, including financial risk protection, access to
quality essential health care services and access to safe, effective, quality, and
affordable essential medicines and vaccines for all. Surgical care also has a role in
ending poverty (SDG 1) and achieving gender equality through access to essential
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Fig. 3.3 Projected annual economic losses due to surgical conditions, as a percentage of GDP,
forecasted to 2030 by income category. The world’s poorest economies may lose almost 2% of
GDP by 2030 [20] (Reprinted from Meara et al. [20], © 2015, with permission from Elsevier)

reproductive health services (SDG 5). The consideration here is that surgical care,
especially its role in strengthening health systems aligns well with the SDGs.
Further, synergism exists between the SDGs and World Health Assembly
Amendment 68.15 “Strengthening emergency and essential surgical care and anes-
thesia as a component of Universal Health Coverage” [22].

The most important question facing global surgery is how to finance the surgical
scale in LMICs that is so badly needed. Keeping in mind that little effort has been
made to develop surgical care in LMICs, and this neglect has resulted in massive
deficits in workforce and infrastructure, the amount of money to bring surgical care
up to even minimal levels will be massive. One of the many important contributions
of The Lancet Commission on Global Surgery was their estimate on the projected
cost to reach minimal surgical standards by 2030. These estimate range from $300
to $550 billion through 2030 or $16 to $31 billion annually [23]. A middle-of-the-
road approach, using rates of scale-up seen during Mongolia’s recent health system
expansion (increase in surgical volume by 8.9% per year), would cost $420 billion
through 2030, or $23 billion per year. The variability in the estimates comes from
different choices for the unit cost of surgical procedures, infrastructure construction
costs, and the proposed rate of scale-up of surgical services. An important caveat to
the Lancet Commission estimate is that it does not include training costs for the
global surgical workforce.

In addition to scale-up costs, affordability of surgical care must be considered as
a part of its financing. The reason for this is that scaling up of surgical access with-
out concurrent increases in financial risk protection could cause inadvertent harm.
Currently, out-of-pocket user-fees constitute the bulk of financing mechanism for
surgical care in much of the low-resource world. Again, of the relative few who are
able to access surgery, over 81 million people experience financial catastrophe after
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payment for surgical care [24]. If the world had complete access to surgical care, an
estimated 3.9 billion—over half of the global population—would be at risk for cata-
strophic expenditure. Financing of surgical care must be done in concurrence with
global goals toward universal health coverage. As noted earlier in the chapter, while
the cost of scaling up surgical care at first glance may seem prohibitive, the cost of
inaction is even higher—an estimated $21 trillion in losses of economic productiv-
ity by 2030, representing 2% of GCP in some of world’s poorest economies

(Fig. 3.3).

Short of developing a global surgery fund to address the cost of the surgical
scale-up—which seems unlikely given the current global economy—the Lancet
Commission on Investing in Health, the Lancet Commission on Global Surgery, and
the Disease Control Priorities outline several options:

e Obtain funding through existing development assistance for health (DAH) pro-
grams. DAH has been defined as “financial and in-kind contributions made by
channels of development assistance—that is, by institutions whose primary pur-
pose is providing development assistance to improve health in developing coun-
tries” [25]. In 2013, donors disbursed a total of $31.3 billion to improve health in
LMICs, more than five times the amount that was disbursed in 1990 [26]. Much
of this was distributed amongst select, specific health goals—with the majority
going to infectious diseases and the remainder to maternal and child health. To
our knowledge, DAH has thus far not been applied directly to surgery. Regardless,
given that the cost of surgical scale-up alone would be $23 billion/year and that
total DAH funding currently totals $31.3 billion for all health causes combined,
it would be insufficient for long-term scale-up of surgical care.

» Increase governmental spending on surgical care. Typically, governments spend
20 times more of their own resources on health than they receive in assistance. This
is extremely important as the distribution of the majority of health-care dollars
within a country is set by local priorities. In many ways, this is good news, as
economies across the world are growing and such growth translates into a potential
for greater tax-revenue and increased availability of resources for government
spending on health. Projecting mid-range economic growth of about 4% per year,
LIC economies will approach $1 trillion and lower middle income economies will
approach $8.7 trillion by 2035 [26]. As such, annual costs of scale-up would rep-
resent less than 10% of new economic growth amongst the world’s low- and lower-
middle-income economies in 2035. Nevertheless, many of the poorest countries
simply do not have enough resources for meaningful investment in surgical care.

* Develop new revenue streams for funding surgical care. One of the key reasons
the MDGs were so successful was that it created new financing mechanisms such
as the Global Fund to Fight AIDS, Tuberculosis and Malaria and Gavi, the
Vaccine Alliance, allowing remarkable progress on critical health challenges [8].
Similarly, new financing strategies will be necessary for surgery. One such strat-
egy is to broaden the tax base with health-promoting taxation, such as a tax on
tobacco and alcohol consumption [14, 27]. In addition to compelling evidence
that taxes on these industries can change usage behavior and shift the burden of
noncommunicable diseases over the coming decades, taxation of these industries



3 The Economic Case for Surgical Care in Low-Resource Settings 47

could be a significant source of revenue. A tobacco tax in India alone could gen-

erate as much as $2 billion annually [28]. Improved intersector allocation of

domestic resources can be another source of funds for scale-up of health sys-
tems. Global energy subsidies, for example, amount to over $2 trillion annually

on a post-tax basis. In sub-Saharan Africa, energy subsidies amount to over 3.5%

of GDP—well exceeding the proportion allocated to entire health budget in

many countries in Africa and beyond [14].

Aligning surgical care with the larger global health agenda, especially as it
relates to health system strengthening, will be an important strategy for the scale up
of surgical care in LMICs. Given the amount of resources required, and the eco-
nomic state of some of the poorest countries, a broad-based approach combining
domestic government financing with external DAH support will be necessary, at
least in the early stages.

Finally, a great deal of effort has been directed toward making a moral case for
improving surgical care in LMICs. This argument, based on health equity and social
justice principles, is straightforward, obvious, and compelling. For those still uncon-
vinced, there is now strong economic argument for improving surgical care in set-
tings of limited resources. Emergency and essential surgical is highly cost-effective
and can yield a high return on investment. Perhaps, most important is that inade-
quate surgical care can exact a devastating toll on economic growth of LMICs.
Policymakers worldwide should take notice.
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Surgical Training in Low-Resource
Settings

Rosemary Klein and Adrian Park

Introduction

Consensus has developed around the reality that surgical care could ameliorate a
significant burden of disease in low- and middle-income countries (LMICs). There
is agreement also that this need remains largely unmet. As provision of surgical
services in the developing world has attracted global priority, training LMIC sur-
geons and surgical staff has gained traction in importance and immediacy.

The clarion call on this issue was sounded over three decades ago. In 1983 Dr.
Alfred Yankauer, who had been an advisor with the Pan American Health
Organization (PAHO) during the early 1960s, regretted that “Surgery is rarely men-
tioned in pronouncements about what should be done to meet the health needs of
developing countries” [1]. Concerns raised at that early stage continue, having been
addressed but not resolved. Then as now local surgeons were few in number and
rarely committed to rural, remote assignments. As well there was an expectation of
the professional calling for surgeons in developed countries to work, even if for the
short term, in the developing world.

In light of the above and inspired by historical contemporary mandates, this
chapter offers perspective on delivery, in its many varieties, of surgical education
within LMICs. Surgical care in the majority world is currently met by those who
come to it in diverse roles, the training for no one of these groups decided or
standardized.
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This chapter will primarily reference LMIC postgraduates, high-income
countries (HIC) residents seeking exposure to global surgery, and nonphysician
clinicians (NPCs) engaged in the provision of surgical services. This chapter also
offers general concepts and specific elements that may prove instrumental in
the continuing establishment and eventual sustainability of essential surgical
training.

Historical Mandates

Achieving competencies through training and deliberate practice in the face of con-
strained resources and funding presents challenges. Increasingly, there is resolve—
bolstered by the World Health Organization (WHO) and the World Health Assembly
(WHA)—to see that meaningful, useful education is in place, allowing LMIC prac-
titioners to acquire and maintain skills to perform much needed surgeries.

WHO established its educational approach Global Initiative for Emergency and
Essential Surgical Care (GIEESC) in 2005 [2]. A decade later the WHA, the policy-
and decision-making body of WHO, formally expressed in resolution A68.15 its
commitment to strengthening surgical care and anesthesia, both emergency and
essential, as principal to universal health coverage [3].

Both the WHO’s initiative and the WHA’s resolution espoused surgical training.
One objective of the bidirectional GIEESC was aimed at quality of care and the
other at safety. To achieve these dual intentions, GIEESC pledged to improve
delivery of health services—including surgery—in resource-challenged countries.
The intent being that emergency and essential surgical procedures could be rele-
vantly adapted, safely undertaken, and would contribute to quality of care. GIEESC
sought to build this capacity through fortifying existing teaching and education
programs.

The WHA’s 68.15 resolution noted that surgical training is often inadequate
in LMICs and that numerous countries lacked the ability to reach “the threshold
of 2.28 skilled health professionals per 1000 population” [3]. The resolution
challenges member states to develop a sufficiently “integrated surgical care net-
work.” The foundation for resolution 68.15 is clearly laid 4 years earlier in the
WHA'’s 2011 resolution 64.6, which concentrated on the healthcare workforce,
urging that attention be directed toward training, motivating, scaling up, manag-
ing, and retaining [4].

The resolutions and programs put forth by the WHO and the WHA mandate the
achievement of varieties and levels of training within LMICs. Surgical skills,
competence, and knowledge, the desired output of any surgical training effort,
may be acquired through harnessing technology in the adoption of established
LMIC and HIC training modalities and efforts. Standardized training will be
increasingly developed and assessed and will provide critical certification path-
ways. Standardizing education will ensure a future where a skilled and educated
LMIC surgical workforce will be capable of consistently providing needed surgi-
cal care.
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Workforce Constraints

The Essentials

* More extensive, extended training is needed for nonphysician clinicians.

* Basic surgical care needs in the developing world may be met in part by
nonphysician clinicians.

e Such fundamental surgical care can be safe.

» Standardization of terminology referring to nonphysician clinicians would
encourage data collection that could shed light on scope of duties as well
as provision of surgical care and outcomes.

Indispensable surgery assets such as surgical supplies and diagnostic equipment,
fuel, oxygen, electricity, water, blood, and beds are often in short supply in LMICs.
Descriptions are also plentiful of equipment that has been left with those who are
unclear about how to operate it or that has surrendered to malfunction among those
unable to provide remedy.

The most critical resource lacking in the developing world, however, is a health-
care workforce sufficient to provide necessary surgical services that ensure peoples’
right to essential surgery as an element of basic healthcare. As one physician
lamented “The absence of surgeons from rural areas takes a ghastly toll [5].” Just as
the reality exists that essential surgery must be achieved for those in the majority
world, it is a reality that in that world surgeons are in very short supply. A study of
eight district hospitals in Uganda, Mozambique, and Tanzania, for instance, reported
that among them all, there were no specialist surgeons or anesthetists [6]. Nurses
represented the largest group of healthcare workers (77.5%), followed by mid-level
providers (MLPs), most of whom were not surgically trained (7.8%). Physicians
and surgeons performed the bulk of surgeries (54.6%); MLPs performed 35.9%.

WHO has proposed more extensive training and use of NCPs in provision of
emergency, surgical, and anesthesia procedures, particularly at the district level, to
meet basic surgical needs in the developing world [7].

The designating terminology for those delivering this crucial component of sur-
gical care differs by country and organization. Terms including mid-level healthcare
practitioners or mid-level providers (MLPs), assistant medical officers (AMOs),
generalist physicians, NPCs, surgical technicians, and clinical officers (COs) are
used equally and interchangeably, provoking confusion over roles and responsibili-
ties [6-9]. The terminology confusion is additionally compounded by the preva-
lence of studies that refer to surgeries performed by NPCs as major or minor but in
no way specifically designate the procedures or interventions included within those
broad terms [8—10]. The responsibilities of NPCs remain largely defined by indi-
vidual hospitals or centers rather than being standardized nationally or even region-
ally. Among other challenges, these types of terminology and definition issues
hamper collection of relevant workforce data. In one fairly exhaustive account cov-
ering 25 LMICs [8], clinical officers could practice minor surgery, left undefined, in
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three countries, while in three other countries, they were also allowed to perform
caesarean sections or administer anesthesia. Seven countries did not permit clinical
officers to practice minor surgery, although one allowed them to administer anesthe-
sia. In Ethiopia health officers were permitted to practice minor surgery and per-
form caesarean sections, whereas in Cape Verde and Zimbabwe, they could do
neither. Chu et al. [11] have advocated also for community health workers (CHW )
to take on an expanded role. They reason that CHWs have been capably trained to
identify diseases necessitating surgical intervention, and given training and supervi-
sion could provide wound management, basic life support and trauma care, and,
possibly, identification of and referral for acute surgical needs.

The training of NPCs remains variously and insufficiently described. Mozambique
training extends for 3 years and culminates in a degree, after which a 2-year super-
vised internship begins [12]. Lassi et al. [13] report that with some variance,
3—4 years of postsecondary education, including clinical medicine and surgery, is
typical. Data and publications from Clinical Officer Surgical Training (COST)-
Africa, a surgical training program initiated in Malawi and Zambia, could add to
knowledge of standardized training. Among other successes, COST-Africa advo-
cated for the Bachelor of Science (Bsc) in General Surgery for Clinical Officers,
accredited by the University of Malawi [14].

Retention of NPCs is good, especially in rural areas, where patients and hospitals
alike benefit from their knowledge of area language and customs [9, 15]. The reten-
tion rate is likely shaped by the fact that surgical privileging for an NPC tends to be
country and even hospital specific. On balance, consensus is that nonsurgeons can
safely handle the most common general surgical procedures [16, 17].

Postgraduate Surgical Training

The Essentials

o There are a variety of country- or region-specific programs through which
physicians can qualify to become specialists.

o Surgical trainings, including subspecialty offerings, are increasing.

o Consideration should be given to developing an ongoing accounting of
postgraduate surgical training within LMICs.

As provision of surgical services in the developing world has attracted global priority,
training LMIC surgeons and surgical staff has gained traction in importance and imme-
diacy. Comprehensive accounts of the specifics of postgraduate education in LMIC
regions or countries, however, are lacking. The numbers of LMIC surgeons overall do
not meet the need for patient care, institutional and program research and administra-
tion, or student training and supervision. This is evidenced particularly in Sub-Saharan
Africa (SSA) and South and Southeastern Asia. Select examples from these three
regions highlight existing, suggested, and evolving models of surgical training.
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Sub-Saharan African physicians qualify to become specialists through programs
within their country, through regional bodies exemplified by the West African
College of Surgeons (WACS) and the College of Surgeons of East Central and
Southern Africa (COSECSA), through organizations such as Pan-African Academy
of Christian Surgeons (PAACS), and through programs abroad. Despite the major-
ity of SSA countries having opened at least one medical school some four decades
ago, it has only been within the past 1015 years that medical students within much
of SSA could avail themselves, in their own or neighboring countries, of compre-
hensive quality surgical training opportunities [18].

A recent summation of surgical need and training addressed ten LMICs as one
unit (the Great Lakes region of Burundi, Democratic Republic of Congo, Ethiopia,
Kenya, Malawi, Mozambique, Rwanda, Tanzania, Uganda, Zambia) [19]. Few of
the 52 medical schools in the region were reported to offer specialty surgical
training. Those who do pursue and graduate from specialist surgery training
offered in the region are likely awarded either the university and college medical
schools’ Masters of Medicine (MMED) degree or a Fellowship of the College of
Surgeons (FCS) from COSECSA. An FCS acquired in general surgery, orthope-
dics, urology, pediatric surgery, otorhinolaryngology (ENT), or plastic surgery
requires 5 years training, six in neurosurgery, and the successful completion of
“high-stakes” exams.

An additional survey of these countries revealed that, in general, each country
maintained three government-funded, university-offered MMED surgical programs,
usually of 4-year duration, that most trainees were salaried and receiving benefits,
that some placed government or public services requirements on their incoming or
outgoing students, and that the countries as a whole were increasing both their sur-
gical training and subspecialty offerings [20]. Variety and duration of surgical pro-
grams were supplied for each country. Mozambique’s cardiothoracic surgery,
neurosurgery, pediatric surgery, and plastic surgery programs were termed “hybrid”
in that the initial 2 years of fundamental training took place in the country and the
remainder of training was done abroad, usually in Brazil or Spain, while general
surgery, ENT, maxillofacial surgery, urology, ophthalmology, and orthopedics pro-
grams taking 3 years were offered complete in the country. Upon concluding train-
ing students receive a specialist certificate from Mozambique’s Medical Council.
Uganda is described as having ten medical schools, four of which offer surgery and
anesthesia postgraduate training that includes a dissertation presenting original
research [21].

Another review approached the issue from a slightly different perspective [22].
Commonly, postgraduate LMIC surgical education did not have a universal set of
standards, a characteristic said to resemble the diversity among HIC surgical train-
ing program parameters.

Pakistan, the sixth most populated country worldwide [23], is described as home
to over 90 medical colleges and 129 training institutes. In the latter, over 10,000
accredited training seats exist for postgraduate residents [24]. There are two post-
graduate training programs: Fellow of College of Physicians and Surgeons (FCPS)
and Master of Surgery (MS)/Doctor of Medicine (MD). Early specialty training is
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being tried. The number of women in surgical residency programs has substantially
increased since 2000 [25].

A survey of Pakistani medicine and surgery residents at two tertiary teaching
hospitals/centers reported that just 64.6% of the surgery residents indicated job sat-
isfaction [26]. Additionally, 59% indicated being stressed, attributed to lengthy resi-
dency hours. A number of surgery residents were reported to be working more than
the 80-h limit set by each hospital.

The supervised apprenticeship model is commonly used but not without chal-
lenge. Its formality, reflective of cultural and social norms, subordinates trainees
and discourages fundamental communication or any questioning of authority
around scholarly or clinical issues. Discouraging fundamental communication is so
pervasive that comparison has been made to the substantial number of accidents
experienced by aircraft pilots in similar communication-restricted cultures [27].
One antidote to these aviation accidents proved to be a literal switch to use of a new
language (in this case English rather than Korean), which did not “mirror [the] hier-
archical society and culture” and, thus, encouraged an easier flow of communica-
tion [28]. An answer that might better resolve a too rigidly hierarchical supervisor
and apprentice relationship is Crew Resource Management (CRM), a training
method first used in 1979 to resolve the three types of failure—communication,
leadership, and decision-making—that had been implicated in aviation accidents
caused by human error [29]. CRM is specifically suggested as well for training of
surgeons and may be particularly suited to addressing the structured hierarchical
approach common to medical training settings [30]. Time and workload for mentors
are impacted by the shortages of both faculty and surgeons. Knowledge taught is
often narrowed to the patients at hand. Tutelage in research and dissertation meth-
ods and methodologies is limited [31].

An assessment of Pakistan’s postgraduate training performed for the Higher
Education Commission suggested that selection processes and final assessments
would benefit from national standards [31]. Trainees contributed considerably to the
care of patients, yet some received stipends for their work and some did not. Career
paths were not apparent. One corrective proposal suggested that those completing
fellowship be required to gain an additional one to two years’ experience at a District
Headquarters Hospital (DHQ), followed by a position at a teaching hospital if per-
formance was good. The merit here is considerable when one considers the magni-
tude of faculty shortage. Rawalpindi DHQ, for example, a typical Pakistani teaching
hospital, has for years been working with 450 beds on a budget intended for almost
a hundred beds less and has only three professors for its 2,500 patients per day [32].

The Cambodian system governing surgical care availability is decentralized,
administered by district hospitals and local government [33]. In 2014 surgery train-
ing in Cambodia was characterized as sparse with Khmer-Soviet Friendship
Hospital, governed by the Ministry of Health (MoH), offering plastic, thoracic, and
maxillofacial surgery training, Battambang Provincial Referral Hospital providing
ENT and plastic training, Siem Reap Provincial Hospital offering general surgery
training, and Angkor Hospital for Children (AHC), a nonprofit teaching hospital
concentrating on pediatric procedures [34]. AHC in conjunction with the MoH
works to provide every Cambodian child quality healthcare access. Residents may



4 Surgical Training in Low-Resource Settings 57

undertake surgical training at the University of Health Sciences. The Sihanouk
Hospital Center of HOPE, a privately financed NGO, offers an internal medicine
and a surgical training program, less recently for 35 Cambodian postgraduates [35].

Proper compensation must be secured for specialists in Cambodia if they are to
be retained. Ensuring sustainable, appropriate salaries demands that system require-
ments be relaxed to allow specialists sufficient time to work in private clinics as well
as state hospitals. Such accommodation can be difficult, but—as one MoH official
noted—system requirements followed rigidly “without tolerance and flexibility”
would drive away surgeons and specialists, decimating a workforce already in short

supply [36].

Collaborative Infrastructure

The Essentials

* Collaborative infrastructure is integral to developing the surgical
workforce.

* Collaborative infrastructure plays a part in sustaining the surgical
workforce.

A notable response to the determination to develop and sustain a surgical workforce
within LMICs may be seen in the Pan-African Academy of Christian Surgeons
(PAACS). The organization has dedicated itself to building maintainable, rigorous
residency programs for African medical school graduates.

In 2011 PAACS reported that it had established six such programs, had 19 sur-
geons who had completed training, had 35 residents in four countries in the midst of
their education, and had seen that gifted graduates had opportunities to be mentored
at teaching hospitals with the potential to themselves become PAACS faculty [37].
The organization now reports 12 programs in ten countries including Cameroon,
Egypt, Ethiopia (2), Gabon, Kenya (2), Malawi, Niger, and Tanzania and plans to
train 90 surgeons yearly. Additionally, it records that 45 of its graduate general sur-
geons and six of its graduate pediatric surgeons remain in practice or fellowship
throughout Africa [38].

Collaborative infrastructure has, of course, been central to the successes of
PAACS. The WACS, COSECSA, and Loma Linda University, CA, USA, offer hos-
pital and program accreditation to PAACS training sites. COSECSA and WACS
extend training and professionalism beyond residency, offering accredited fellow-
ships. The operating budget comes from private donors.

Two notable successes linked to PAACS graduates are that they, by and large,
have not only remained in the country (serving countries such as Angola, Cameroon,
Ethiopia, Ghana, Guinea-Conakry, Kenya, Madagascar, Republic of Congo) but
have often chosen to work in underserviced and rural areas [39]. These graduates
universally share a strong desire to provide surgical care where the need is greatest.
There is also an expectation of the organization and its leadership, who fully support
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the residents’ training and stipends through philanthropic donations, that they serve
for a period of a few years following graduation at such a mutually agreed upon
medical center.

Collaboration is increasingly offered to American and Canadian surgical train-
ees within LMICs through surgical residency rotations (which satisfy require-
ments in 35 US programs) [40]. Such short-term collaboration is not meant to
substitute, however, for local surgical training programs of sustained capacity and
duration. Encouragement must be offered to HIC surgical programs that are
invested in supplying resident trainees as trainers in the LMIC environment to
come together in collaborative agency. While HIC residents embark upon their
LMIC rotations with a well-intended enthusiasm to teach and enhance the surgi-
cal care at their destination hospitals, their reported experiences are often very
revealing. Anecdotal testimonies abound from humbled HIC residents, who felt
they had learned more than they taught and benefited personally and profession-
ally far beyond what they may have contributed through their LMIC clinical and
social experiences.

HIC programs should look to (1) create uniform standards for trainees prior to
these rotations, (2) determine what data will be collected and how responsibility for
its analysis and dissemination will be established, and (3) determine what responsi-
bilities other than clinical training have been required of the trainees so as to better
contribute to both short-term and sustainable solutions.

Data Collection

The Essentials

* Need to significantly expand quantitative and qualitative data collection.

e Adoption of standard indicators should be considered integral to data
collection.

e Need for focus on and standardization of data characterizing postgraduate
training.

Data collection has been unattended to for so long that large-scale efforts are looked
to in the LMICs for addressing the information gaps. The LMIC surgical workforce
has never been adequately described. A decade ago WHO estimated that 57 coun-
tries had critical healthcare workforce shortfalls [41]. Urban areas significantly had
larger healthcare workforces than rural areas in most countries. The effects of the
urban/rural disparity on regions—most pronounced in SSA but obvious in Southeast
Asia as well—gave additional concern. The Global Health Workforce Alliance (The
Alliance) was created in 2006 with a 10-year mandate regarding Human Resources
for Health (HRH) in the LMICs. The Alliance held a global forum at the halfway
point of its mandate, during which country-specific data was determined to be insuf-
ficiently identified and collected, marked by unreliability, and only sporadically
revised [42].
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Using the WHO standard of fewer than 228 physicians, nurses, or midwives per
population of 100,000, Hoyler et al. [43] conducted a literature review to determine
numbers of surgeons, OB-GYNs, or anesthesiologists within LMICs. A time frame
during which the articles were retrieved was not provided; in all 593 potential arti-
cles were identified. Of these, only 38 detailed nation- or region-specific numbers of
surgeons, OB-GYNs, or anesthesiologists within 42 LMICs. For 23 of the 57 coun-
tries WHO had identified as being in crisis, no publications offering the requisite
workforce numbers were located. The review underscored the reality that institu-
tions rarely collect the suitably wide-ranging data that are necessary to establish
national or regional quantification of surgeons. This considerable lack was taken to
imply that data characterizing the surgical workforce are not regarded as “essential
indicators of healthcare quality.” This failing, the authors proposed, could be
addressed by establishing national surgical provider density as a metric.

Another review emphasized the “critical need for systematically collected,
national-level data regarding surgery providers in LMICs to guide improvements in
surgery access and care” [44]. Both reviews cited the data being housed in the WHO
Emergency and Essential Surgical Care (EESC) Global Database. Its current web-
site posts that the WHO Tool for Situational Analysis to Assess EESC has been
completed by over 1,300 medical facilities in 54 countries [45]. They also refer-
enced The Harvard Global Surgery Initiative data-collecting efforts [46].

Hoyler et al. [43] recommended additionally collecting data on “non-physician
providers with surgical skills.” The classification “non-physician providers with
surgical responsibilities” as noted previously could perhaps provide even more
wide-ranging and realistic estimates of the surgical workforce.

Technology

The Essentials

e Communication and information technologies contribute to educational
delivery.

*  Mobile phones, in particular, advantage connectivity.

* Data regarding innovative uses of new technology in surgical service and
training are important to acceptance and use.

Communication and information technologies contribute to educational delivery in
both developing and developed countries and provide collaborative connectivity
between them. Connectivity is an enabling component, allowing, for instance, global
or smaller consortia to address training in developing countries. A consortium estab-
lished between Memorial Sloan Kettering Cancer Center in the United States and
three prominent Nigerian teaching hospitals researched the differing patterns of
colorectal cancer in patients from both countries [47]. Phone and conference calls are
credited with allowing smooth communication. Cell phones enabled the research by
permitting follow-up to be conducted with patients and their families.
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Fig.4.1 Mongolian Ger
at Black Water Lake,
Western Mongolia, with
solar panel and satellite
dish (Permission Raymond
R. Price)

Cell phones and satellite dishes connected onto solar panels have brought sur-
geons throughout rural Mongolia together, providing those in all quarters remark-
able access to information that heightened their comprehension and facilitated
their involvement in broadening surgical care quality in unprecedented ways [48]
(Fig. 4.1).

Connectivity advantages will accrue with the ever more common use of mobile
phones. All manner of referral systems among hospitals, clinicians, and other
healthcare staff will finally be established, providing solutions to common dilem-
mas such as face LMIC patients who must locate urban hospitals when rural hospi-
tals are unable to provide treatment or staffs without specialists who may now gain
access through teleconsultation.

Apps are being designed to provide interactive clinical training and serve as edu-
cational references and resources. This type of training tool requires users to have
tablets or mobile phones with Internet service. The Pew Research Center recently
reported that about 17% of the SSA adult LMIC population do not have a cell
phone, though more than 50% of those do have occasional access to one [49]. The
survey’s percentages affirmed the remarkable surge in cell phones owned by adults
in Ghana (83%), Kenya (82%), Nigeria (89%), Senegal (83%), Tanzania (73%), and
Uganda (65%). In all six countries, women were less likely to own cell phones than
men. Health eVillages is one of a growing number of nonprofit organizations that
bridge the technology gap by supplying LMIC healthcare professionals with tablets
loaded with customized apps [50]. Cost-effective training is viewed as a positive,
empowering result of such technology. However necessary and likely such adoption
of technology becomes, it must be kept in mind that for some in these resource-poor
countries just charging the phone could be an expense that would cut a month’s
income by 20% [51].

Adequate network infrastructure powered by dependably consistent and low-
priced energy will have to be secured for technology to begin to exact changes in
the delivery of surgical training in the majority world. Apps will only succeed at
providing viable interactive practice if the visual, text, and spoken content they
deliver have been overseen through development and assessed for accuracy by the
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appropriate surgical and medical organizations or professionals. The potential
for apps in this context is seemingly limitless. Already, WhatsApp is enabling
South African pediatric surgeons from the coast and rural regions to connect pro-
fessionally as well as with parents of their patients [50]. The cross-platform
WhatsApp is favored for allowing text and multimedia messages to be sent and
received for free and without ads. The Touch Surgery app delivers modules, each
of which focuses on the signs, symptoms, indicators, reasons for, and surgical
risks associated with surgeries. Initially offering eight common procedures
(including appendectomy and cholecystectomy), the app is now described as
offering more than 40 [52, 53]. Each surgery is presented as an interactive simula-
tion using a virtual patient and allowing preoperative planning, step-by-step prac-
tice, and training that can be tested. Animation is realistic and graphics are
accurately detailed and compelling. Surgeons from institutions including Stanford
University, Imperial College of London, and Johns Hopkins University develop
each module [52-54].

Once classified as a conceptually new technology, laparoscopic surgery must be
a vital component of surgical training in LMICs. Its classification—as it is trans-
ferred as “an established technology” from HICs to “a new environment” the
LMICs—becomes what Mytton et al. term contextually new technology [55]. They
define it as the inception of an established technology within a setting where it is
untested. They remind that laparoscopy presents “a radically different way of oper-
ating” when measured against open surgery.

Studying the adoption of laparoscopy in Africa, Choy et al. [56] found that, in the
hierarchical surgical culture, laparoscopic techniques were first taught to senior sur-
geons, who proved disinterested in using the new method and disinclined to teach it
to residents and junior surgeons, who had to pursue learning it on their own.
Additionally, the senior surgeons were disinclined to take on the setup, upkeep, or
sterilization associated with laparoscopic surgery, responsibilities the shorthanded
nursing staffs were untrained in. Laparoscopy has been successfully introduced in
Mongolia [48], and data regarding the attitudes of both surgeons and the local popu-
lations toward that adoption are anticipated [57].

Curriculum

The Essentials

» Standardized curricula per specialty should be developed.

* An examination series should be created to accompany the curricula.

* Partnership strengthens the development and assessment of curricula and
examinations developed in LMICS.

There is a pressing need to develop standard curricula per specialty. This necessity
has been asserted in combination with an appeal for guidelines and evaluations
accompanied by consistent, high-stakes, multi-staged examinations of knowledge
and competency for both general and subspecialty surgeons [22, 58].
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Concern is understandably focused on who determines content and competen-
cies. Data indicates that a general surgery training program that is wide-ranging
in breadth is more suited to the actual operations performed in LMIC clinical set-
tings than one that is specialized. This important training principle was illustrated
in a study that surveyed 19 Pakistani district hospitals and found that under half
of patients had had operations that are part of common conventional general sur-
gery training in HICs [59, 60]. The data, considered to mirror conditions in other
developing countries, underlies the argument that a training program or curricu-
lum’s tasks or procedures be the hosts’ determination [60]. Realistic determina-
tions of patient needs should shape the surgical curriculum of any country or
region. In the development of the Surgical Council on Resident Education
(SCORE) curriculum undertaken by a consortium led by the American Board of
Surgery (ABS), both essential and complex operations were used to determine
patient care competencies [61].

Realizing the provision of emergency and essential surgical care as a principle of
universal health coverage as mandated by WHA A68.15, NPCs in large numbers
will need to be trained to help improve access to quality surgical care in LMICs.
Surgeon leaders and educators will do well to work closely with national govern-
ments to ensure appropriate curricular development and oversight for NPCs who
will provide many EESC services. It would be ideal for these curricula and the more
comprehensive surgical residency training programs of the majority world to evolve
in an integrated manner, one benefit being that graduating surgeons could learn how
to supervise and mentor the NPCs with whom they are likely to be working.

Basing LMIC surgery curricula on local needs blended with those established
internationally has long been thought to be a model prototype. An important light
has been shone on this concept in research done by Goldstein et al. [62]. The study
innovatively focused on conclusions drawn from the responses of surgeons and sur-
gery trainees hailing from 12 LMICs to two established online curricula: SCORE
and School for Surgeons. SCORE in addition to patient care skills is based on other
competencies set forth by the American Council for Graduate Medical Education
(ACGME), including medical knowledge, technical skills, communication, and
professionalism. The School for Surgeons curriculum using often African-based
case studies as well as online tutors resulted from joint Royal College of Surgeons
in Ireland (RCSI) and COSECSA efforts.

Study participants were urged to investigate the resources within both online
programs and to consider the uses of each within their particular clinical environ-
ment. All completed a similar specified module in each curriculum. Participants
found the subject matter of both courses of study to be largely relevant to their needs
and indicated that they would very much use either curriculum on a routine basis.
They also indicated that the systems were effectively organized and easy to work
with and that they would recommend both to coworkers and associates.

That all students found both curricula relevant proved a prescient response to the
actionable concept in WHA’s 68.15 resolution that “appropriate core competencies”
be introduced to students in any relative fields of health knowledge through “rele-
vant health curricula, training, and education” [63]. Validated core surgical curricula
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are transferable between very different environments [62]. Curriculum should be
subjected to students’ critique evaluating whether the learning is appropriate, rela-
tive, relevant, and useful.

A noteworthy model for curriculum and examinations done in partnership is that
of the University of Guyana and the Canadian Association of General Surgeons
(CAGS) [64, 65]. Begun at the request of Guyanese surgical leadership seeking to
stem the country’s brain drain and more adequately attend to rural areas, the Guyana-
based postgraduate training culminated after 2.5 years in a postgraduate diploma in
surgery. It was based on local resources and needs, was taught by local and CAGS
faculty, and incorporated faculty and resident exchange between the two countries.
Outcomes of this partnership, which graduated 14 students since its 2006 inception,
included the arranging of instructional content into a standard curriculum, the estab-
lishment of evaluation processes (including program and faculty evaluation), and
exacting examinations. Where there had been no structured local postgraduate train-
ing, a surgical career was now possible for program graduates who had been
instructed in the use of available resources for management of surgical conditions
common to the area. Local faculty are now totally in charge, a foundational element
of the program that bodes well for its sustainability.

Conclusion

Surgical training and delivery systems of low-resource countries are too often
inadequately conceived and implemented for as well as coordinated with the
people they serve, thus limiting the likelihood of the establishment of reliability
and sustainability. Surgical care delivery can be sustained only if surgeon, health-
care practitioner and staff training is developed at all levels, including system,
institution, and individual.

The shortage of LMIC surgeons as well as NPCs affects all aspects of patient
care: quality, services, infrastructure capacity, and, certainly, education and pro-
fessionalism. The skills of training and the competencies of professionalism are
served (but not supplemented) by technologies and innovations, but they are best
delivered, we are reminded time and again, by humans. Nothing surpasses the
time-proven wisdom surfaced in the conclusion of an LMIC review of training
and learning tools: “The role of medical teacher is not only to impart communi-
cation of knowledge but also for holistic care in capacity building to improve the
health care scenario in any country...In the last place it is the man behind the
machine that imparts communication in [the] health care scenario [66].”

Standardized curricula and consequential, validated examinations must be
part of training. To accomplish this, it will be critical to identify who will make
determinations regarding what data will be routinely collected, how doing that
will be accomplished, who or what will have responsibility for its analysis, and
how its dissemination will be achieved.

The WHO initiative and the WHA resolution placed emergency and essential
surgical training at the center of a framework that emphasizes integrated man-
agement of care as well as an integrated surgical care network. The integrations
WHO and the WHA seek are imperative, urgent, and achievable.
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Moving forward, we would do well to regard and honor the thought expressed
by a Malawian surgical resident, who noted:

In Africa, being a doctor is not enough.
To make a difference, a doctor must become a surgeon [67].
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Delivery of Subspecialty Surgical Care
in Low-Resource Settings

Russell E. White and Robert K. Parker

Introduction and Overview

The Essentials

* Subspecialty care should be readily accessible, safe, financially feasible,
and allow exchange of ideas for continued quality improvement.

* Expanding upon essential surgery, subspecialty surgery consists of the
provision of care by trained subspecialists and typically requires advanced
technology, materials, and infrastructure related to the services
provided.

» The history of how subspecialty surgery has developed in resource-limited
settings can contribute to an understanding of how to advance its
provision.

Globally, subspecialty surgical care should be readily accessible, safe, financially
feasible, and allow exchange of ideas for continued quality improvement. This ideal
is not the current situation for millions of people worldwide. In low-resource set-
tings, availability of care is sporadic, outcomes are often subpar, costs are prohibi-
tive, and the skilled personnel and appropriate infrastructure to accomplish this task
are lacking. In this chapter, we will discuss the history of subspecialty surgical care,
the current models used to deliver it, and how the individual provider may fit into
this continuum with the hope of advancing access and improving quality of subspe-
cialty care to low-resource communities.

R.E. White, MD, MPH, FACS, FCS (ECSA) (P<) * R.K. Parker, MD
Department of Surgery, Tenwek Hospital, PO Box 39, Bomet 20400, Kenya

Warren Alpert School of Medicine at Brown University, Providence, RI, USA
e-mail: russ.white @wgm.org; robert.k.parker@gmail.com

© Springer International Publishing AG 2017 69
A. Park, R. Price (eds.), Global Surgery, DOI 10.1007/978-3-319-49482-1_5


mailto:russ.white@wgm.org
mailto:robert.k.parker@gmail.com

70 R.E. White and R.K. Parker

Definitions

The Lancet Commission on Global Surgery recently detailed the appalling lack
of surgical care for billions of people [1]. The report focused mainly on the lack
of essential surgical care, defined as “any and all procedures, contextually and
culturally dependent, that are deemed by that region, society, or culture to pro-
mote individual and public health, wellbeing, and economic prosperity.” In some
settings, this essential surgery is performed by those with medical degrees and
further training. In other locations, it is performed by those with apprenticeships
and procedural training only. Within low- and middle-income countries (LMIC)
that have accredited specialists in surgery, these specialists may provide both
essential surgical care and subspecialty surgical care. These divisions of labor
will be further explored in the different models available for subspecialty
surgery.

In most resource-limited settings, subspecialty surgical care is rarely or spo-
radically available. Expanding upon essential surgery, subspecialty surgical care
consists of the provision of care by trained specialists and includes various sub-
specialty disciplines such as ophthalmology, ENT, plastic and reconstructive sur-
gery, pediatric surgery, urology, neurosurgery, advanced laparoscopy, and
cardiothoracic surgery. Typically, subspecialty care requires advanced technol-
ogy, materials, and infrastructure related to the services provided. Although
some straightforward subspecialty care could be provided at the district hospital
level, advanced care is generally suited for a referral center serving a larger pop-
ulation [2, 3].

History of Subspecialty Care in Developing Countries

To better understand the way forward for global subspecialty surgery, it is impera-
tive to understand past successes, failures, and the many factors historically that
have contributed to a shortage of healthcare workers, a myriad of health disparities,
and a lack of subspecialist surgical care [4]. Global surgery was perhaps founded
decades ago during an era defined by highly dedicated expatriates. Funding was
often supplied through the generosity of nongovernmental organizations, such as
churches and charities. In these early years, expatriates dedicated their careers and
lives to the cause of bringing surgical care to people without such access. For
example, Peter Parker, who introduced anesthesia to China, was among the first
missionary surgeons [5]. Lucille Teasdale practiced surgery in Uganda for years
until finally contracting and dying from HIV/AIDS. With a higher purpose of car-
ing for individuals and communities, missionary surgeons invested not only their
careers but their lives to the cause. As mission hospitals expanded, general and
subspecialty surgical care for community-identified problems also grew.
Throughout this era, the surrounding communities of these hospitals were
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significantly impacted and enjoyed the benefits of considerable investment in infra-
structure, workforce development, and provision of healthcare. But hospitals were
dependent upon the missionary to stay and invest his or her life into the cause.
Furthermore, the effect was localized, and national healthcare systems were rarely
influenced [6].

The Alma Ata Declaration, in 1978, signaled a change in the delivery of health-
care worldwide [7]. In an inadequately supported attempt to achieve “healthcare
for all,” funding was directed toward community health initiatives such as breast-
feeding, oral rehydration, and immunization, while structural adjustment pro-
grams limited investment in medical personnel and infrastructure [§—10]. Although
worthy goals, this resulted in disturbingly preferential investments at the great
expense of surgical capacity [11]. Consequently, scores of capable, educated phy-
sicians and nurses left home for brighter futures elsewhere [12]. Some workers
moved to private, urban hospitals within their own countries. Tragically, many
were actively recruited by resource-rich nations to fill an increasing need for
healthcare workers in those countries [13, 14], depriving LMICs of healthcare
workforces and potential leaders [15—17]. In this way, the Alma Ata agreement
contributed to the current health disparities, where worldwide, over five billion
people lack access to surgical care which the workforce is not yet capable of
delivering [1, 18].

The current era is one of increased focus on global provision of surgical care but
with an unfortunate lack of focus, organization, and accountability. Globalization
has increased awareness of the problem and made travel easier and more affordable.
A relatively recent understanding of global surgery as a population-based, cost-
effective avenue to restoring health and improving infrastructure has enabled a new-
found interest in its promotion. As a result, healthcare providers from resource-rich
nations have flocked to resource-poor areas, mostly with good intent, but regrettably
too often with mixed results. Hundreds of short-term surgical camps have material-
ized [19]. In 2004, the American College of Surgeons created a database of volun-
teer opportunities and facilitated short-term involvement calling the campaign,
“Operation Giving Back” [20]. Short-term surgical trips (STSTs) have been a sig-
nificant yet unquantified source of subspecialist surgical care in resource-constrained
settings. Given the abundance of STSTs and the inconsistency in accountability, it
is impossible to accurately detail the impact of STSTs on subspecialty surgical care.
Both global organizations and academia are beginning to understand the necessity
of promoting surgical access in order to further the health and success of communi-
ties and have attempted to correct the incongruity of STSTs by establishing partner-
ships, cultivating educational efforts, and aspiring to longitudinal collaboration [21,
22]. National governments and Ministries of Health have occasionally recognized
subspecialty care, although budgets are often constrained by other priorities. And
finally, local institutions, including mission hospitals, have tried to adapt subspe-
cialty surgical care appropriate to their settings, but this access is only sporadically
available.
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Current Overview of Subspecialty Surgical Care in Low-
Resource Settings

The Essentials

* Although data is sparse, evidence suggests there is a large burden of dis-
ease globally that could be correctable by subspecialty surgery.

* Sufficient personnel for subspecialty surgical care is lacking in low-
resource settings.

* Access to subspecialty care is challenging and often limited to urban areas.

The availability of subspecialty surgical care is varied throughout the world, but in
LMICs access is especially limited. Few studies exist regarding subspecialty surgi-
cal care in LMICs, and extensive data is not yet available to draw conclusions.
Current qualitative research shows that there exists great potential for improvement.
Outcome reports for various models and experiences are sparse (Table 5.1). The
data currently available to draw conclusions may not accurately reflect the ongoing
efforts of those working within low-resource settings because many hospitals and
surgeons have provided subspecialty care but have never published their experi-
ences. There are many reasons that specialist availability in LMICs is limited
including the lack of infrastructure, resources, and trained personnel. Subspecialty
care, where available, is often focused on a specific condition and provided by a
fragmented group of outside specialists, urban academic institutions, nongovern-
mental organizations, faith-based hospitals, and various combinations thereof.

Need for Subspecialty Surgical Care

Attempts at quantification of the burden of surgical disease as well as its contribu-
tion to disability and premature death of a population have been of recent interest.
There is a particular interest in essential and emergency surgery given its role in
immediate reversal of health disparities. However, little data exist about the burden
of subspecialty surgical disease. Specific surgical conditions, those which typically
require subspecialty training, have been addressed in various reports of their cost-
effectiveness, availability of services, occurrence of disease, and the related disabil-
ity and mortality caused by the condition. For example, congenital conditions are a
leading cause of pediatric mortality and morbidity. An estimated 93 million children
and 7% of all births are impacted with some form of moderate or severe deformity
[46, 47] which would benefit from surgical intervention. Surgically correctable con-
ditions may significantly negatively impact quality of life. Reports exist on the bur-
den of cataracts [48], otitis media [49], osteomyelitis [50, 51], hypospadias [52],
urological conditions [53, 54], and congenital conditions such as cleft lip or palate
and clubfoot [55, 56]. As a whole, subspecialty surgical care has not been as
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emphasized as emergency and essential care, which in of itself has not been as
emphasized as many other public health priorities.

Number of Subspecialist Surgeons

Quantifying the number of surgeons serving a population is a difficult task [57].
Variations of definitions between those who perform operations, general surgeons,
surgeon specialist, and surgical subspecialist prevent a complete understanding of
the number. Furthermore, surveys of Ministries of Health may not capture the
substantial contributions of NGOs and faith-based hospitals. As an example, in
southwestern Uganda, a survey of hospitals revealed 43 consultant specialist sur-
geons (0.7 accredited surgeons per 100,000 population) including all of the spe-
cialties of general surgery, obstetrics, orthopedic surgery, ophthalmology, dental
surgery, neurosurgery, ENT, and urology. The survey, which reviewed mandatory
logbooks maintained at each of the 27 hospitals, observed that 55% of procedures
were performed in mission/NGO hospitals, 45% in government hospitals, and
<1% in a private hospital. Cleft lip and palate repair was predominately under-
taken by plastic surgery teams, with external funding, who performed 80% of 140
operations [58]. Notably the number of operations performed in southwestern
Uganda was higher than previous estimates [59]. Walker et al. postulate that the
inclusion of NGO and mission hospitals which performed the majority of the
procedures accounted for this finding and estimates do not reflect current services
available.

As examples of subspecialty surgery, there are only six plastic and reconstructive
surgeons in Ghana for a population of 22 million and three in Uganda with a popula-
tion of 28 million, and in Zambia with a population of 10 million, there is only one
[60]. Similarly, there are only six neurosurgeons in Uganda [61]. For urology,
Zambia has one trained urologist per 2.3 million people, and most conditions are
managed by either general surgeons or nonphysician providers [53]. Though accu-
rate and complete measurements are not yet available, it remains apparent that suf-
ficient personnel for subspecialty surgical care is sorely lacking [62].

Access to Subspecialty Care

Access to subspecialty surgical care is limited in low-resource settings. At least 4.8
billion people do not have access to surgery, including greater than 95% of the
population of South Asia and central, eastern, and western sub-Saharan Africa. This
compares to the less than 5% of high-income North America, Western Europe, and
Australia who lack access to surgery, highlighting the inequitable distribution of
healthcare [63].

In most low-income countries, specialty-trained surgeons and anesthesiologists,
if available, work exclusively in referral hospitals [64-66]. As a result, district
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hospitals are staffed by general practitioners and nurses [67]. Even when hospitals
are able to provide emergency and essential surgery, their capacity to deliver sub-
specialty surgical care is often hindered [66, 68]. In a review of hospitals within
Haiti, 93% claimed the ability to perform hernia repairs, while more specialized
care was limited: operative repair of fractures (51%), clubfoot (42%), cleft repairs
(31%), and cataract surgery (27%) [69].

As anyone who has practiced in a LMIC has experienced, patients travel long
distances [70-72], often delay seeking treatment [73, 74], and consequently, pres-
ent with advanced disease. This becomes particularly true with subspecialty surgi-
cal care and is true for the authors’ experience with esophageal cancer in western
Kenya [75, 76]. A review of the burden of waiting by Poenaru et al. demonstrated
significant delays in surgical care and resultant increased burden of disease. They
demonstrated prolonged average wait times for pediatric orchidopexy (72 months)
and anorectoplasty (74 months) [77] and compared these to much lower wait times
in resource-rich Canada.

Millions of people worldwide face catastrophic expenditures from the costs of
surgical care and conditions requiring surgery. These prohibitive costs fall mostly
upon LMICs and on poor patients within any country [78].

Finances of Subspecialty Surgery

The days of thinking subspecialty surgery is too expensive or a bad investment in
low-resource settings are over. Available data and experience point toward massive
benefits of life-changing care for individual patients and the resultant improved
capacity and infrastructure for communities [21, 79]. Multiple reports suggest the
cost-effectiveness of subspecialty surgery: pediatric inguinal hernia repair [80],
pediatric neurosurgery [81], orthopedics [82, 83], ophthalmology (cataract [84—88]
glaucoma [89] and trachoma [90, 91]), cleft repair [92-95], hand surgery [96],
and cardiothoracic surgery [97]. When comparing subspecialty surgery to other
public health interventions, the cost-effectiveness profiles are competitive: cleft
repair ($47.74 per disability-adjusted life year (DALY), hydrocephalus ($108.74
per DALY), ophthalmic surgery ($136 per DALY), orthopedic surgery ($381.15
per DALY) as compared to BCG vaccine ($51.86-$220.39), and antiretroviral
therapy ($453.74-$648.20 per DALY) [98]. High complexity care can reduce
costly disabilities while maintaining a cost-effective profile. Pediatric neurosur-
gery for infant hydrocephalus has been demonstrated to be cost-effective at the
permanent referral center of CURE Children’s Hospital of Uganda [99]. Provision
of care by local surgeons could be most cost-effective; however, in an era where
services are not available, even short-term trips, such as a pediatric neurosurgical
brigade to Guatemala, are still more cost-effective than no care at all [81]. These
reports are encouraging as they reflect the experience of first-line providers who
understand the important role that subspecialty surgical care plays in improving
public health.
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Various Models for the Provision of Subspecialty Care

The Essentials

*  Numerous models, platforms, or methods of delivery for subspecialty sur-
gical care exists.

* These models include short-term surgical trips, university and academic
partnerships, telemedicine, task shifting/sharing, government initiatives,
private health facilities, nongovernmental organizations, and faith-based
mission hospitals.

* Each of these models has various advantages and disadvantages.

* Delivery of subspecialty care could best be viewed as a continuum with
various combinations of these models.

Categorizing each effort into a specific defined platform presents a problem in
understanding complex methods of delivery. Although such classification into plat-
forms can greatly inform our understanding of advantages and disadvantages [100],
delivery of subspecialty care could perhaps more easily be viewed as a continuum.
Often, providers utilize a number of delivery methods to achieve their desired goal.
As an example, subspecialists may briefly visit a permanent NGO clinic that part-
ners with faith-based organizations and the local government to address either a
specific condition or subspecialty need. Over time, by building on the foundation of
short-term service trips, important development can occur, progressing even to a
community-owned hospital capable of subspecialty surgery. Trying to describe each
method of delivery independently may not be possible, but recognizing the assorted
nuances of each variable may facilitate the understanding of the best methods and
models available for the needs of a specific community. These findings can then be
scaled to the national and global levels. Understanding this continuum of care provi-
sion, as seen by first-line providers of subspecialty care, enables appropriate
implementation.

There are a number of models for provision of subspecialty surgical care, each
with its own advantages and disadvantages (Table 5.2). The range includes short-
term surgical trips, academic partnerships, government initiatives, nongovernmen-
tal organizations, faith-based mission hospitals, and various combinations of these
models. We can crudely break these down and describe approaches. The acknowl-
edgment of the methods, personnel, location, and investment of time of each model
may delineate how to best provide subspecialty care to a community.

Short-Term Surgical Trips
Historically, the traditional STST is an outsider approach where a group of skilled

individuals bring resources, both human and material, to provide medical services.
In scientific literature, there are myriad reports of “mission” or “service” trips,
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which often focus on the volume of patients served. The concept of providing care
to a high volume of patients over a brief period of time has been described in numer-
ous terms: surgery camps, brigades, safaris, blitzes, and teams. Since the nineteenth
century, faith-based groups have organized, partaken, and advocated for short-term
mission trips [19], and surgical groups are among the most represented participants
in short-term service [101]. Despite the fact that these groups often share a common
goal of encouraging development of the local community, reports and studies are
almost uniformly from the perspective of the outsider providers of care and training
rather than the receivers [24, 25, 27, 31, 38, 102-105]. This has led to questions
about the relevance of such groups from the view of the local community [106].
Advantages of this model include a large volume of patients cared for by an ide-
ally well-trained and capable subspecialist surgeon. The patients with problems that
no one has been able to care for in years may have their lives drastically changed.
Perhaps, the most dramatic STSTs include quick solutions such as ophthalmology
care where sight is immediately restored. These STSTs are attractive to volunteers
and are typically reported as positive experiences for the healthcare provider [107].
On the positive side, a short-term trip may be the experience necessary to pique the
awareness of an individual so that he or she invests long term in a community [108,
109]. Yet, the long-term impact on patients and communities is rarely reported or
understood. Many camps have been successful in developing longstanding commit-
ments to providing care where care would otherwise be unavailable. An example in
the ENT subspecialty is the work of BRINOS, Britain Nepal Otology Service, with
years of experience sending Nepalese and British ENT surgeons into remote areas
lacking ear care [110]. Organizations, such as Resurge International, that have
involved plastic and reconstructive surgeons in short-term service trips have also
grown to understand the need for long-term partnerships. The group of subspecialist
surgeons reported their needs for cooperation with local physicians, predictable
presence, emphasis on teaching, and links with structured organizations [111].
STSTs have their drawbacks as well, especially if conducted poorly. While ben-
eficial for the healthcare provider, this model may have the potential to do the most
damage to a community. If not done correctly, an STST may amount to “voluntour-
ism” — a perverted form of altruism where providers enjoy the benefits of travel,
overstep their qualifications, limit opportunities for local physicians to flourish, are
not conducive to health system strengthening, and damage relationships between
local healthcare providers and communities in need [112, 113]. During subspecialty
camps, a decreased number of elective operations outside the subspecialty offerings
are able to be completed at the hospital. Thus, at these times, there are surgeons who
could be offering their services, but are unable to do so because of the lack of oper-
ating space, an extremely valuable commodity in a resource-constrained hospital
[106, 114]. When a large number of visitors descend upon the hospital community,
it can be a stressful time with misunderstandings of the local culture. Although these
misunderstandings can be partially alleviated by partnerships of the visiting team
with local personnel, this must be considered in planning each STST. Typically,
there is a considerable amount of logistical work that is required for visitors, which
has the potential to overwhelm local staffing. When specialists are already present
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and actively caring for patients, these brief surgical camps can create more of a
burden on the existing infrastructure than necessary [30, 106]. There are examples
of relatively poor outcomes during STSTs that could urge caution in their applica-
tion to deliver surgical care or at least warrant further exploration in causality [29].
It should be recognized that reports of good outcomes or those equivalent to high-
resource settings may be the result of poor follow-up and thus a lack of awareness
of complications [115]. Although STSTs may eventually advance to longer partner-
ships and collaboration among organizations, it remains unknown how many of
these efforts fall apart as personnel change or lose enthusiasm.

In response to these questions, the academic surgical community and others
have responded to STSTs with ample guidelines, warnings, and lessons [116-121]
(Table 5.3). With these suggestions, there is now a trend toward discouragement of
these STSTs unless there exists no other possible surgical care alternatives [106,
122, 123]. These attitudes of “first do no harm” must not regress into “first do noth-
ing” [124]. Successful surgical camps are particularly relevant for the provision of
specialized surgery in low-resource settings where services are otherwise not avail-
able. Short-term teams may be necessary to fill these gaps, provide the necessary
resources, and build the capacity and infrastructure necessary to advance the proj-
ect along the continuum of the delivery of subspecialty care.

University and Academic Partnerships

Numerous, important publications describe how universities and resource-rich
organizations have developed partnerships, improved educational efforts, and
aspired to longitudinal collaboration [21, 22, 125-128]; yet, there is a paucity of
descriptions of the organizational efforts from institutions within resource-limited
settings. It is important to note that universities, academic institutions, and profes-
sional societies in LMICs have been training and supporting surgeons for years
before such partnerships. The College of Surgeons of East, Central, and Southern
Africa (COSECSA) is an independent, academic organization that encourages post-
graduate training in surgery and accredits surgeons [129]. Some university partner-
ships are based upon short-term care delivery [130], while others focus on developing
long-term partnerships, research, and education [131-134]. Advantages of the uni-
versity partnership are the acknowledgement of common interests and a collabora-
tion toward furthering service, education, and research. A disadvantage is that the
resource-rich university often takes the credit for the partnership, while the institu-
tion in the resource-poor setting accepts the funding without being invited to the
table to make decisions [135]. Hospitals and universities in low-resource settings
may take whatever help might be offered, in the hope of acquiring needed resources,
from numerous partnerships that may lack the depth or desire to invest in a com-
munity. These high-resource partners may benefit from a distinguished, yet shallow,
partnership through publications, increased interest among applicants to their pro-
gram, and recognition. It is still early to discern if recent partnerships between sur-
gical departments will persist despite changing personnel.



5 Delivery of Subspecialty Surgical Care in Low-Resource Settings

83

Table 5.3 Guidelines, warnings, and lessons for short-term service trips [106, 116, 117, 119,

121, 122]

Grimes et al. 2013 [116]

Ensure that all projects are appropriate with locally identified need

Have an emphasis on training local healthcare providers

Monitor outcomes

Work alongside local and regional training programs

Welling et al. 2010 [117]

Avoid all of the following “sins”:

Leaving a mess

Not matching technology to local needs and abilities

Failing to cooperate with other NGOs

Not having a follow-up plan

Allowing other factors to be more important than “service”

Being poor guests or coming when not welcomed

Having disingenuous motivations

Meier 2010 [119]

Helpful do’s and don’ts:

Do remember you are a guest and respect the culture

Don’t try to make sweeping reforms

Don’t blame your hosts for perceived inadequacies

Do treat your hosts as colleagues

Do plan follow-up trips to the same locale

Do relax, be flexible, provide quality care, and train local
personnel

Wright et al. 2007 [121]

Assess the needs of the community

Involve the local team at every opportunity

Have team members who are experts

Conduct research which contributes to the sustainability of the

project

Nthumba 2010 [106]

Involve the local community with a goal to train and retain surgeons

Work with local training institutions

Partner directly with smaller, rural training institutions to
overcome bureaucratic hurdles

Dupuis 2004 [122]

One should never perform an operation abroad that one would not

perform at home

Residents should not be unsupervised

Avoid trying to maximize the number of patients treated

Telemedicine

Telehealth is the use of electronic information and telecommunications technology
to enable clinical healthcare, education, and administration over long distances
[136]. As the availability of technology advances and feasibility improves [137],
telemedicine may help with more thorough preoperative workup and evaluation for
STSTs [138, 139], remote screening [140], and postoperative follow-up [141].
Telemedicine may also improve educational collaboration and be relevant to



84 R.E. White and R.K. Parker

continued training, mentoring, and skills development [142—144]. Telesimulation,
linking trainees and instructors in simulation through the Internet, has been shown
to be promising, teaching laparoscopic skills to surgeons in Botswana and Colombia
[145, 146]. As surgeons practicing in a low-resource environment with limited sub-
specialists available, the authors can personally attest to the importance of discuss-
ing complex cases via phone, email, or video conferencing with colleagues trained
in subspecialty disciplines.

Task Shifting Versus Task Sharing

Many LMICs and organizations have attempted to overcome surgical disparities
by training nonphysicians to perform procedures [147]. Task shifting, the delivery
of surgical care by nonphysician providers, has been shown to be a viable solution
in some low-resource settings with limited workforces [148]. Nonphysician pro-
viders have been advocated in essential surgery [149, 150], obstetrical care [151—
153], and even subspecialty surgical care: orthopedics [154], pediatric surgery
[155], and select urological and neurosurgical procedures [156]. The advantages
of task shifting include the provision of healthcare to communities that would
otherwise have no reliable access to care and the reduced cost and time of training
physician providers. Disadvantages include the lack of adequate supervision and
quality control and the concern that care may be compromised in a low percentage
of situations where further training and expertise are necessary. Most advocates
for task shifting acknowledge these limitations and recommend a restricted num-
ber of procedures be carried out by such providers. Certain subspecialty proce-
dures, such as cataracts, could be adopted by nonphysician providers if appropriate
oversight is in place [157]. To help address the lack of access, some subspecialty
care such as basic and emergency neurosurgery in Tanzania has been taught by
neurosurgeons to nonphysician clinicians. In that model, the trained healthcare
workers then taught other healthcare workers to perform basic and emergency
neurosurgery independently [158]. Clear definitions of the scope of practice, high
standards for accreditation, and shared responsibility and oversight with specialist
providers are necessary to ensure safe and quality care by the nonphysician pro-
vider [159, 160].

While task-shifting seems like a necessary stop-gap measure in the current era of
significant disease burden, we advocate for a task-sharing approach with adequate
training of physicians to oversee nonphysician providers [161]. This training model
requires the long-term presence of highly trained personnel which results in a
remarkable investment of human potential [162]. There are many challenges in
training subspecialty surgeons in low-resource settings including a lack of standard-
ization [163-165]. The authors do not advocate for sending personnel to high-
resource institutions for further subspecialty training due to their propensity to stay
and work in these high-resource settings. Training models appropriate to the
resource-level and context should be developed and maintained to provide ade-
quately trained personnel [166].
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Government Health Facilities

Within LMICs, government hospitals, or the public sector, provide a variable
amount of subspecialty care, and district or county hospitals do not typically offer
subspecialty surgery [3, 66, 68, 150, 167, 168]. A review of district government
hospitals in Mozambique, Tanzania, and Uganda demonstrated that no general sur-
geons were present. With essential surgery lacking priority in administration of
these hospitals, subspecialty surgical care is not possible [67].

Generalized comparisons of public vs. “private” (including for-profit, nonprofit,
faith-based) sectors show that the public sector is perceived to lack the hospitality
and timeliness of the private sector [169]. Arguments exist that the public sector
may offer expanded coverage to poor patients and is the path toward universal cov-
erage. However, there is no data to guide the debate in subspecialty surgery.
Governments often lack commitment to funding subspecialty care and training
[170] and sometimes send patients abroad for subspecialty care [33, 171]. Yet, there
are encouraging examples of how governments have partnered with institutions to
expand and strengthen their specialist workforce [133, 172].

The facilitation of cataract surgery in India during the 1990s is one example of a
government-identified need in which subspecialist surgical care was subsidized,
expanded, and improved. Each district was allowed to finance providers to accom-
plish the goal of reducing blindness. Government mobile camps, state medical hos-
pitals, and nongovernmental hospitals had an average cost for each individual
patient of $97, $176, and $54, respectively, and resulted in patient satisfaction at
51%, 82%, and 85%, respectively [88].

Where specialists are not locally available within the public sector, there is cer-
tainly a role for short-term surgical camps. Though when specialists are already
present and actively caring for patients, these brief surgical camps may create more
of a burden on the existing infrastructure than necessary [30, 113].

Private, For-Profit Hospitals

Due to perceived problems in the public sector, private for-profit clinics and hospi-
tals are quickly increasing their market share in LMICs, particularly in urban cen-
ters [173, 174]. Physicians often have a “dual practice” in a public hospital, such as
a university, with a private clinic to supplement income [175]. Fifty-five percent of
physicians working in three capital cities in Africa subscribed to this dual practice
[176]. Private health facilities have often been small operations, owned by individ-
ual practitioners, which then grow over time into larger hospitals [177]. If dual-
practice providers have patients in both private and public institutions, the private
patients may receive preferential treatment at the expense of patients in public
hospitals.

The Muhimbili Orthopedic Institute in Tanzania attempted to overcome the per-
ception that specialty care could only be done at private or NGO facilities. They
reported on their acceptance of and recruitment of private patients to maintain a
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private/public mix. During a 5-year period, private patients accounted for only 30%
of outpatient visits and 5% of inpatients, yet generated 77% of the hospital’s income
from patient fees and 35% of all hospital income including government subsidies.
With their experience, they found that patients prefer the private sector due to poor
accommodations and the perceived poor worker-patient relationships in the public
sector [178].

Nongovernmental Organizations

Numerous nongovernmental organizations (NGOs) or charitable organizations
provide surgical care in low-resource settings. It is difficult to quantify the num-
ber of NGOs involved in care and equally impossible to estimate their impact.
NGOs can be involved in a range of projects, from community-based programs
to global efforts based on a surgically correctable condition, and vary widely in
their models for delivery [179]. In a review by Ng-Kamstra et al., 313 NGOs
were identified delivering surgical care in all 139 LMICs. Subspecialty surgery
is performed and supported by numerous NGOs. Of all the NGOs surveyed, a
number contributed to some form of subspecialty services including 22% of
NGOs which perform cleft repair and 28% of NGOs which provide ophthalmol-
ogy care [180].

Some NGOs are devoted to a specific condition, while others focus on a specific
subspecialty. Smile Train is the largest charity group aimed at the subspecialty sur-
gery of cleft repair. As a condition recognized to cause significant morbidity without
operative repair, Smile Train has funded thousands of operations through local insti-
tutions and trained scores of local providers [181]. Throughout the last 20 years, a
nonprofit organization, IVUMed, has supported educational programs for urology
through numerous partnerships. In over 30 countries, IVUMed has worked in con-
junction with a network of providers, institutions, societies, and industry to create
collaboration built on training the subspecialty surgical discipline of urology [182].
Each NGO has a role in reducing the surgical burden of disease within its own area
of strength.

NGOs are often involved in multiple delivery models even within their own orga-
nizations; 66% utilize STSTs and 68% claim to have long-term partnerships [180].
This allows us to draw comparisons between models within an NGO. One interest-
ing example comparing the STST to a permanent center was done by Nagengast
et al. in India [183]. They reviewed the costs associated with providing cleft repair
during surgical missions, or short-term trips, to a center developed and staffed in an
area found to have a high burden of disease from clefts. They found a 40% decrease
in cost per surgery for the center as compared to the mission and a different distribu-
tion of expenses. Within the STST, air travel (52%) and hotel expenses (22%) were
the largest expenses. In contrast, the center’s budget expenses were attributed to
salaries (46%) and infrastructure costs (20%). This finding reflects a goal of reward-
ing institutions that shift aid dollars toward the local economy and should encourage
the movement of partnerships along the continuum of care delivery.
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Faith-Based Mission Hospitals

The aforementioned era of physicians and surgeons motivated by faith, who first
recognized the importance of providing surgical care to a low-resource community,
consequently helped to build mission hospitals, and devoted lifetimes to service, did
not disappear entirely. They, along with their local counterparts, have continued to
invest in their surrounding communities with access to hard-to-reach populations
and a priority on serving poor and marginalized people [184]. Faith-based organiza-
tions still account for a significant percentage of global healthcare provision, esti-
mated at 20-70% of the health infrastructure in Africa [185—-188]. However, these
estimates are markedly different for individual countries and communities and can-
not be generalized to all low-resource settings [189, 190]. Currently, there are
numerous faith-based hospitals operating in resource-limited areas throughout the
world, and there is a growing awareness that faith-based organizations play an
important role in the delivery of global healthcare [191]. These mission hospitals
and the surgeons that help staff them have long been and continue to be an incredi-
ble asset to the communities in which they serve [192, 193]. Within their communi-
ties, they are typically among the best choices for care, with high patient satisfaction
rates [194], and in some areas the only choice that exists. Mission hospitals tend to
adapt to the desired needs of the community, and subspecialist care is provided for
the given need [39, 42, 75]. There is great potential for academic surgery to partner
with faith-based organizations that offer cross-cultural experience and context-
appropriate surgical knowledge, which is essential for a successful training model
[161, 191]. Nevertheless, disadvantages of this model have been noted. There can
be the perception of weak governance at the administrative level [195], but when
compared to teaching and district hospitals, a mission hospital had the highest man-
agement ratings [196]. Any management issues are contrasted by a motivated staff
providing service exceeding expectation [197, 198]. A possible lack of collabora-
tion with government institutions could reduce the achievement of universal health
access as mission hospitals are often not accounted for within the organization and
implementation of health planning and policy [190].

The Continuum of Delivery of Subspecialty Surgery

While in some situations, the delivery of healthcare is achieved through a pure form
of one of the above models, the most successful and “sustainable” programs usually
employ some combination. By recognizing that the delivery of healthcare to low-
resource settings is a continuum, it enables stakeholders to realize that no model, in
of itself, is wrong; rather, all are working toward the same goal: universal, afford-
able access to subspecialty surgical care.

Within this continuum, partnerships are instrumental to success [199]. Collaboration
and networking have a role among surgical subspecialists who have similar interests
in reducing health disparities. A unique collaborative effort among subspecialists
exists within the pediatric surgery community, with surgeons delivering care through
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multiple platforms and models. With an emphasis on networking, educational efforts,
research, and advocacy, this global network of surgeons helps to encourage and
advance the cause of pediatric surgical care in low-resource settings [200]. Learning
from others’ experiences in the provision of care within similar resource-limited set-
tings can help to overcome challenges and provide encouragement.

Until access to subspecialty surgical care is universally available, there will be a
need for outside personnel and resources. The key to providing the best possible
care is to balance each of the advantages and disadvantages of different models to
create the ideal template for the individual region, nation, and community.

Classification of Models

The Essentials

*  Models can be understood through time, personnel, and location.

* Long-term investment in a community is a goal. Where this is not possible,
shorter duration of care, but only if conducted effectively, is better than no
care at all.

o There is a balance of personnel providing subspecialty care where “out-
siders” offer expertise while “insiders” offer effective provision of care
that is culturally relevant.

» The benefits from the referral of subspecialty care must be balanced with
appropriate access to care.

These various models can be understood through different means. The investment
of time, the location, and the personnel delivering care help to inform the advan-
tages and disadvantages of each model. With this understanding, one can draw con-
clusions for the appropriateness of the model to a community.

Classification by Time Investment

Perhaps the most notable distinction in the various care delivery models is the
amount of time the individual or team providing subspecialty surgery invests in a
particular community. The time invested can vary from a few days of an STST to
decades of development by a community-owned hospital offering specialty services
(Table 5.4). Although difficult to generalize, it can still be informative to evaluate
the type of delivery platform and the time desired to attain the goals of providing
subspecialty surgical care to a community. The duration of partnership between
hospitals and Smile Train, a large international NGO, showed improvement in sur-
gical care, patient follow-up, increased number of trainees, and additional ancillary
services [201]. As STSTs develop over time, outcomes improve [28, 202].

It is our view that long-term investment in a community is a goal during the pro-
vision of subspecialty surgical care. Where this is not possible, shorter duration of
care, but only if conducted effectively, is better than no care at all.



5 Delivery of Subspecialty Surgical Care in Low-Resource Settings 89

Table 5.4 Investment of Models of delivery Investment of time
time in surgical subspecialty

care

Short-term surgical trip Days

University partnerships

NGO partnerships

Private, for-profit,
hospitals

Nongovernmental
organization hospitals

Government
hospitals

Faith-based hospitals Decades

Table 5.5 Personnel Models of delivery Personnel
involvement in surgical

subspecialty care

Short-term surgical trip “Outside” specialists

University/NGO partnerships

Nongovernmental
organization hospitals

Faith-based hospitals

Private, for-profit,
hospitals

Government
hospitals

Task-shifting “Local” providers

Classification by Personnel

Some models rely on the presence of “outsider” personnel with the necessary skills
to provide specialist care. Others focus on local or “insider” providers trained to do
specific operations. Most care providers acknowledge some balance in this spec-
trum in order to deliver optimal care to a population (Table 5.5).

A sometimes contentious issue of who should be providing subspecialty care
allows us to classify these models of delivery by the personnel’s understanding of
the local culture and community. This understanding is a key to success in the deliv-
ery of quality care and is closely tied to the time invested by an outsider subspecial-
ist. Time learning language, culture, and investing in relationships [203] may result
in an “outsider” having a more complete understanding of a local community than
a national government. The transfer of skills through training can also accomplish
this aim. We should be clear that the reciprocal benefits of cross-cultural collabora-
tion exceed the pure transfer of skills and resources [108]. So, the goal is not for
complete transition from the cultural outsider to the insider, but for long-term
exchange of ideas, skills, and ingenuity. Rewarding cross-cultural experiences can
be fulfilling to both partners as demonstrated by collaborative neurosurgical training
in Ethiopia [204]. There is too much to gain from both sides working alongside one
another to unbalance the scale toward one side or another.
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Table 5.6 Location of Models of delivery Location
surgical subspecialty care

Task-shifting Rural, community-based

Short-term surgical trip
Faith-based hospitals

Government hospitals

University
partnerships

Private, for-profit, hospitals | Urban, referral

Classification by Location

Similar to resource-rich countries, outcomes for subspecialist care are better at
referral centers with high volumes of specific conditions [205, 206] and when per-
formed by experienced subspecialty surgeons [207-209]. This acceptable referral
benefit must be balanced with appropriate access, especially due to the burden of
travel expenses on poor patients [70] (Table 5.6).

Comparisons of models for subspecialty surgery are limited. But a study from Peru
examined surgical outcomes after cleft lip and palate repair. When comparing location
of operation, whether a mission model or a private referral center, and while control-
ling for surgeon and technique, the authors found that the mission model showed an
increased complication rate [210]. An Ecuadorian study found similar results with the
complication of palatal fistula ten times more likely in the mission model than the
private center [30]. Moving along the continuum from surgical camp to referral center
seems to also have cost-savings implications as well. Hackenberg et al. compares 17
STSTs and a comprehensive care center for cleft lip and palate surgery in Guwahati,
India. The researchers found that the cost/disability-adjusted life year ranged from
$247/DALY through medical missions to $190/DALY at the center [95].

The Tenwek Hospital Experience

The Essentials

o Tenwek Hospital, a faith-based mission hospital, utilizes a number of mod-
els to provide subspecialty surgical care.

e To meet a significant need, a successful cardiac surgery program has
developed through the investment of time, training of personnel, and
improvements in infrastructure.

e The Tenwek Hospital experience demonstrates that the progression from
temporary, short-term teams to self-sustaining independent care is truly a
continuum.

The particular experience of Tenwek Hospital is an example in several areas of mov-
ing along this continuum from very short-term isolated advancement to sustainable
programs providing capacity building and training of local healthcare providers in an
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independent setting. Tenwek Hospital is a 300-bed mission hospital in southwestern
Kenya. It began as a small clinic in the late 1930s staffed by American missionary
nurses. A full-time American missionary doctor joined the staff in 1959, and the
hospital began to grow rapidly throughout the 1960s and 1970s. In the 1980s, a nurse
training school was begun with a goal of providing higher-level training for local
nurses, and providing a reliable source of nurses for the hospital, thus making it less
reliant on outside resources. In the late 1990s, the hospital began cooperating with
the national Ministry of Health in providing internship training for new graduates of
Kenyan medical schools. In the early 2000s, a program of residency training was
established in family medicine, followed by a general surgical residency in 2008 and
an orthopedic surgery residency in 2014. Currently, there are more than 35 African
doctors training at Tenwek Hospital in postgraduate medical programs. In addition to
this, Tenwek serves as a clinical rotation site for many Kenyan medical students from
a variety of medical schools around the country. Graduates from these programs are
taking up posts around the country, and throughout other African countries, provid-
ing reliable, cost-effective healthcare to large areas of the region.

Development of subspecialty care was also occurring during these years at
Tenwek Hospital. With the arrival of a full-time American thoracic surgeon in 1997
(R. White), Tenwek began to be able to offer more advanced pulmonary and esopha-
geal surgery. Given the very high incidence of esophageal cancer in the region [76,
211], Tenwek soon became the regional referral center for thoracic surgery. When
the general surgical residency became fully functional, residents were exposed to
thoracic surgical training in a more extensive way than in most general surgical resi-
dency programs. By the completion of 5 years of general surgical training, gradu-
ates of the Tenwek General Surgical Residency Program usually feel quite
comfortable with esophagectomy and basic pulmonary resection techniques.

Different types of subspecialty surgery require different investments of time and
infrastructure. Some areas of subspecialty surgery require relatively short, prescribed
times of training and limited changes in infrastructure and equipment. Examples of this
include cleft lip repair and pedicled soft tissue transfers in the area of plastic surgery.
Other areas, such as advanced laparoscopy [212, 213], require more careful planning
and outlay of capital investment and infrastructure. Then there are other areas, such as
cardiac surgery, which have extensive requirements for training, infrastructure, and
physical facilities [33, 44, 214-216]. In these areas, it often requires a “quantum leap” to
move into them, rather than a gradual introduction of new procedures and techniques.

Rheumatic heart disease is endemic in the area around Tenwek Hospital. Most
patients present with advanced valvular disease at a stage when valve replacement is
the only reasonable option. In fact, many present when myocardial function has suf-
fered so severely that any surgical intervention is extremely dangerous. Although the
need was clear, it initially seemed that the training, technology, and infrastructure
requirements were so monumental that it would not be wise to embark upon a pro-
gram of cardiac surgery at Tenwek Hospital. Cardiac surgery made its first appearance
at Tenwek Hospital in 2007 through an unusual circumstance. A personal friend of
one of the authors (R. White) is an American cardiac surgeon who visited Kenya that
year with a view toward starting a cardiac program at one of the government facilities
in the country. After visiting several facilities, he became convinced that those particu-
lar institutions lacked the necessary infrastructure to begin such a program. With
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several days of extra time remaining in his planned trip, he visited Tenwek Hospital.
Seeing the burden of disease and the existing infrastructure, he challenged us at
Tenwek to consider beginning a cardiac program. This began with several cases of
mitral commissurotomies for severe mitral stenosis performed with no cardiopulmo-
nary bypass. Success in these cases encouraged us to plan for acquisition of all the
necessary equipment to prepare for open heart cases requiring cardiopulmonary
bypass. The open heart program began very clearly with short-term surgical trips,
with teams coming regularly from Brown University, Vanderbilt University, Maine
Medical Center, and the Ocala Heart Institute. These teams would consist of surgeons,
perfusionists, cardiologists, anesthesiologists, and critical care physicians and nurses.
During the first few STSTs, the visiting team members carried out virtually all of the
direct patient care. However, within a short time, a very purposeful transference of
knowledge and skills began to occur. Through specific times of didactic and hands-on-
learning, the Tenwek staff began to take over areas of critical care medicine and nurs-
ing, cardiac anesthesia, and perfusion, while the author (R. White) resurrected cardiac
skills not practiced for many years. It was very gratifying for the STSTSs to find them-
selves less required for direct care and spending more and more time perfecting the
skills in the Tenwek staff. Likewise, the local staff found that their ability to care for
other critical, noncardiac patients improved considerably during this time. After
4 years of visiting teams, it seemed an appropriate time for the Tenwek team to begin
open heart cases in the absence of visiting teams. To date, we have completed nearly
300 open heart cases at Tenwek Hospital, with about 2/3 of these performed with
visiting teams present and 1/3 done solo. This has been achieved with a perioperative
mortality rate of less than 1%. Currently, straightforward cases are handled by the
Tenwek staff, while riskier cases and small pediatric cases are saved for the STSTs.

From this example, it is clear that this progression from temporary, short-term
teams to self-sustaining independent care is truly a continuum. Tenwek Hospital has
made significant progress along this continuum; yet, there remains much to accom-
plish. Tenwek continues to depend on outside help for some areas of equipment
procurement and in management of complex cases. However, it seems inevitable
that this progress will continue.

Role of Subspecialty Care in Reducing Disparities in Global
Surgery

The Essentials

» Subspecialty surgical care provides benefits not only to the individual
patient but also to the community at large.

» Since subspecialty care requires certain infrastructure and training, other
healthcare priorities can benefit from its implementation.

e Enhanced ability to care for patients improves acceptance of primary care.

Over time, the care of the individual benefits the community at large by improving
its access to healthcare, infrastructure, skilled personnel, and microeconomics
[217]. Through the examples of Tenwek Hospital and others, the associated
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improvements surrounding the implementation of subspecialty surgical care become
apparent.

Building Infrastructure and Capacity

Considerable infrastructure is often required for subspecialist surgery. With this
infrastructure, other departments reap the benefits as well [218-220]. Improvements
in anesthesia care benefit all surgical patients. The laboratory and blood banking
capabilities [221] are able to withstand the shock of the subspecialty care and are
thus better prepared for both challenges and routine care. The screening program
has both stemmed from and advanced the community health and primary care pro-
grams at Tenwek Hospital [222]. Radiology [223] benefits from enhancements in
echocardiography and ultrasound. Donated equipment is provided, but biomedical
engineers work together with the hospital maintenance department to ensure equip-
ment does not fall into disrepair and abandonment [224, 225]. The potential for
curative intervention improves outpatient relationships. The hospital administration
[196, 226] fosters the growth and development of a program to help build a major
referral center [227].

Improving Personnel Skills and Retention

As departments improve, it is only through the personnel that guide them. At
Tenwek, the nursing staff and operating room technicians have been involved in the
cardiac camps, and the eagerness to strive for excellent cardiac care helps in the care
of all patients. Personnel have readily participated in improvement of critical care
[228]. And, there is a greater willingness and ability to take care of patients who are
critically ill.

Improving Community Access and Care

In communities with a distrust of modern medicine, the successful treatment of an
individual should not be disparaged as a lack of investment into community.
Inspirational stories of recovery and treatment can encourage a community to seek
care at that hospital and surrounding healthcare facilities. It is difficult to quantify
the impact on a community from the care of an individual. Anecdotal experience
from Tenwek Hospital demonstrates increased participation in screening programs
and public health ventures among communities with direct knowledge of previous
patients’ treatments and recovery. The Tenwek cardiac program has improved the
lives of a number of individuals. Yet, it has also improved the care that the hospital
provides to the community. The excellent care of an individual patient is evidence
that inspires that patient’s community.

As the cardiac program has progressed, numerous referrals for cardiac care from
outside institutions have occurred, and reciprocal referrals from Tenwek to outside
institutions for other specialty services have improved. This advantage has improved



94 R.E. White and R.K. Parker

not only the perception of the local community but awareness in the national health-
care system. Additionally, these referrals improve communication and connect pro-
viders, all trying to deliver optimal healthcare to a large population in need.

Role of the Individual Subspecialty Surgical Provider

The Essentials

o The key question is not related to where along this continuum the individ-
ual provider finds himself or herself, but rather that he or she is moving in
the right direction.

* [t is helpful to consider strategic questions prior to becoming involved in
subspecialty surgical care.

* [nvolvement in subspecialty surgical care and its advancement within low-
resource settings can be extremely rewarding for all involved.

Understanding the Model of Care and Making Progress
on the Continuum

The role of the individual provider in delivering subspecialty surgical care in low-
resource settings is often described as a dichotomous choice between two extremes
that is phrased something like this: “is the goal of the surgeon to directly care for a
handful of individual patients, and in so doing provide himself/herself with the self-
satisfaction of having reached out to those of a lower socioeconomic status, or is it
to selflessly empower local caregivers to develop independence and skill in caring
for complex cases and situations to the extent that eventually the external provider’s
presence will no longer be required?” Common to many situations in life in which
a multileveled process is reduced to a dichotomous decision, the appropriate answer
to the question as phrased here is probably simply “Yes.” Of course the individual
provider will hopefully be changing the lives of a small group of actual patients dur-
ing his or her time in a given situation. And of course, this should reasonably bring
satisfaction to the provider who is reaching out to a group of people who may not
enjoy all the privileges that the individual provider has available. But this does not
need to be exclusive of the goals of developing sustainable programs which empower
local caregivers to provide this care in the future as well. As has been described in
this chapter, providing subspecialty care in low-resource communities represents a
continuum of development. The key question is not related to where along this con-
tinuum one finds himself or herself, but rather that he/she is moving in the right
direction.

In this same train of thought, subspecialty surgical programs are in a unique posi-
tion to contribute to the research literature in their endeavors within LMICs.
However, this also needs to be done with the same thoughtful consideration of
developing local capacity and infrastructure. Academic affiliations with STSTs and
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Table 5.7 Questions for an individual provider to consider prior to engaging in subspecialty sur-
gery in a low-resource setting

Physical infrastructure

1. Does the facility have adequate supplies for the intended care?

2. Does the facility have adequate sterilization facilities?

3. Does the facility have adequate oxygen and suction?

4. Does the facility have reliable electrical supply?

5. Should the provider consider taking along self-contained head lamps or necessary equipment?

6. Does the facility have adequate intraoperative and postoperative monitoring capabilities
(oxygen saturation, ECG, pressure monitoring, etc.)?

Staffing infrastructure

1. Does the facility have adequate staffing to accommodate the intended care?

2. Should the STST consider bringing along staff to make up for gaps in local staft?

3. Is there adequate staffing for safe, effective postoperative care?

4. What is the plan to ensure that all patients are cared for completely through recovery to the
time of discharge (potentially after the team leaves)?

Financial infrastructure

1. What is the plan to cover patient costs?

2. Is this plan eventually a sustainable plan?

3. Is there a plan for costs of equipment maintenance?

longer-term teams can be very effective in fostering an environment of inquiry and
research [229-231]. Both institutional and individual partnerships can be sought to
benefit both the visiting teams and the local providers, in addition to the population
being served. Once again, this is often not a simple dichotomous question of “either/
or,” but rather “both/and,” as long as care is taken in planning to truly achieve a
“both/and” result.

There are also a variety of very practical issues which should be considered by
any individual subspecialty provider engaged in this type of work. Particularly in
the area of STSTs, these relevant questions (by no means an exhaustive list!) should
be considered (Table 5.7).

Words of Caution

Programs offering subspecialty surgical care often fail to achieve long-term stability
and independence for a variety of reasons. Frequently, the driving force behind the
initiation of the program is the interest of the individual or group dedicated to that
specialty, rather than a real need within the community. In some cases, communities
will accept outside input in areas with minimal need, with the hope that the providers
will eventually bring something of more benefit to the community. This can lead to
disappointment in the minds of the providers and a feeling of being “used” for ulte-
rior motives. When subspecialty surgical care requires significant physical materials
(as in the case of cardiac surgery), there is often little thought about the long-term
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Table 5.8 Questions for consideration before initiation of a subspecialty surgical program

1. Is there a genuine perceived need within the community?

2. Is there ownership/buy-in from the appropriate administrative body?

3. Is there a plan in place for eventual local procurement of needed supplies?

4. Is there a tangible element of teaching and capacity building within the program from the outset?

5. What will be the effect of the program on the existing infrastructure?

supply of these materials. When local staff are given inappropriate or incomplete
training, there can easily develop a feeling among the staff that they have been “used
and abused.” Finally, introduction of subspecialty care will necessarily have some
effect on the provision of other care within the institution (either in a positive or
negative fashion). It is therefore wise to consider the ramifications for the existing
infrastructure. With these thoughts in mind, it is helpful to consider the questions in
Table 5.8 when considering involvement in a program of subspecialty surgical care.

Words of Encouragement

Despite such warnings, involvement in subspecialty surgical care and its advance-
ment within low-resource settings can be extremely rewarding. Regardless of the
model, participation in delivering surgical care to people in need can be immensely
satisfying to all involved. The cross-cultural experience and collaboration to solve
difficult problems are fulfilling. Providers, including the most specialized surgeon,
should be quick to learn from their colleagues. Practicing in resource-limited set-
tings can foster innovation [232-239] and benefit not only the recipients of care but
the providers.

Conclusion

Surgery has only recently been considered a global health priority, and subspe-
cialty surgery remains an even newer area of consideration. Yet, more and more
data are emerging that support the cost-effectiveness, practicality, and numerous
benefits of prioritizing the provision of many subspecialty surgical services to
communities in need. Models for delivering subspecialty care are numerous, and
the most efficacious method of delivery is variable region to region and country
to country, likely requiring a combination of multiple models. As the proponents
of global surgical care, and specifically subspecialty surgery, continue to work
toward a goal of quality surgical care for all, it must be with an awareness of past
mistakes and shortcomings. We must also recognize the successes of particular
organizations and programs as examples and standards of how such care can be
offered capably, responsibly, and successfully, even in the most resource-con-
strained setting. We believe excellent, compassionate care of patients through
subspecialty surgery can not only significantly impact the lives of the individual
patients but will also improve the care of the community and as such should be a
global health priority.
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Academic Global Surgery

Sanjay Krishnaswami, Mamta Swaroop,
and Benedict C. Nwomeh

Introduction

Globally, rising economies are leading to an epidemiologic transition wherein
injury, cancer, and congenital malformations are becoming much more prominent
public health threats in low- and middle-income countries (LMIC) [1]. The Lancet
Commission on Global Surgery, the Disease Control Priorities-3 project, and the
World Health Assembly 2015 resolution on Emergency and Essential Surgical Care
and Anesthesia all underscored the role of surgery as an essential component of the
comprehensive global public health agenda [2, 3]. With the need to improve the
very infrastructure of surgical-care systems to achieve this, there has been a para-
digm shift from traditional reliance on intermittent short-term volunteerism toward
a strengthening of the education and research pillars for surgical healthcare in
developing regions, a role ideally suited for academic surgery (Fig. 6.1) [4, 5].
Academic Global Surgery (AGS) leverages the scientific approach, educational
focus, and outcome examination that characterize academic medicine and applies
them toward the strengthening of surgical care in under-resourced regions, interna-
tional or domestic [6].
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Surgical Health Care in Low-Resource Regions

The preponderance of interested trainees and the increasing number of faculty
are fueling the emergence of AGS within our profession. This has led to wide-
ranging effects including international rotation guidelines being established by the
Accreditation Council for Graduate Medical Education and the American Board of
Surgery, residencies offering formal global surgery tracks, and a sharp increase in
research output in the subject. In addition, numerous academic surgical societies
such as the Association for Academic Surgery, the Society of University Surgeons,
and others now actively assist development of their members in this burgeoning
field [7].

In this chapter, we outline the role of academia in global surgery; career consid-
erations for the academic global surgeon; concepts underpinning successful clini-
cal, research, and educational collaborations; and funding for AGS projects and
touch on ethical considerations inherent to global surgery research initiatives.

The Role of Academia

Academic surgery is primarily concerned with scientific advances that improve the
surgical health and the quality of lives of patients, through education, development,
research, and advocacy. Therefore, the role of academic global surgery is to extend
this mission to support the provision of high-quality surgical care in resource-poor
regions across the globe.

AGS is an emerging field, and one that is distinct from traditional surgical volun-
teerism. For decades, surgeons from western countries have joined other physicians,
nurses, and health workers on humanitarian mission trips to LMIC providing needed
care and saving countless lives. Until surgical capacity can be fully developed in
LMIC, volunteer missions will continue to have an important place in global sur-
gery. Even then, surgical volunteers will always be needed in situations where con-
flicts, natural disasters, and other emergent conditions overwhelm existing surgical
capacity [8]. The critical role of clinical volunteerism has been highlighted by the
heroic efforts of surgeons in providing care to victims of the Haiti earthquake and
recent conflicts in Iraq, Afghanistan, and Syria.

Yet, the major pitfall of most volunteer surgical missions is that by their short-
term nature, it is extremely difficult to produce a sustainable improvement in
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Fig. 6.2 The four cardinal areas for academic global surgery

surgical capacity at the recipient sites. Traditionally, little effort was made toward
training of local providers and even less attention to research. In contrast, the ulti-
mate goal of academic global surgery is to create a sustainable increase in capacity
such that citizens of LMIC will no longer depend on volunteer surgical missions for
routine surgical care. An important aspect of sustainability is the development of
homegrown teaching and research facilities that will train future surgical workforce
and conduct research needed to improve health systems. Academic global surgery
can also help to provide direction and guidance on the appropriate role of volunteer
missions, advocacy for resources, and leadership essential to building surgical
capacity in LMIC [4, 9].
The four cardinal areas for Academic Global Surgery (Fig. 6.2) are the same as
for all other academic surgical fields and include [10, 11]:
1. Education (guiding trainees, surgeons, and multidisciplinary providers, whether
domestically or abroad)
2. Research (furthering clinical, education, or basic science)
3. Advocacy (supporting international surgical care through policy change, pro-
moting activities of global surgeons within academia, or other methods)
4. Development (creating clinical programs, surgical systems, or career pathways
in the field)
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The Academic Global Surgeon

An academic global surgeon is connected to universities and/or associations, which
can function as the platform to help transform the surgical needs of resource-poor
regions into measurable improvements in care. The actual time spent as an AGS
may vary from full- to part-time and can occur whether in the collaborating coun-
try or at home. Given that global surgery is emerging as a new field, the academic
surgeon has the opportunity to shape this field by contributing in a multitude of
ways [12]. Aside from the customary role in research (basic science, clinical, or
health services), or education, many nontraditional avenues for academic involve-
ment exist.

A number of surgeons associated with relief organizations and humanitarian
groups have engaged in scholarly activity through the planning, implementation, or
evaluation branches of these organizations. Other AGS providers work through
societies to build platforms for global surgical research to be highlighted, dissemi-
nated, and funded, allowing AGS to further establish its legitimacy as an academic
pursuit. Still others are involved in advocacy at the level of major international
organizations such as the International Red Cross, the United Nations, and the
World Health Organization [13]. This effort is often accomplished through contrib-
uting to official documents, policies, and guidelines that may guide health planning
in LMIC and help set the agenda for philanthropy [14].

The Role of Academic Surgical Departments and Societies

As an emerging field, one of the urgent goals for academic global surgery is to
become integrated fully into the realm of academic surgery. It is imperative that
interested medical students, residents, and young faculty can see a clear path to
establishing their career and becoming successful as global surgeons [15]. Surgical
departments and societies have a pivotal role in helping to define and support the
academic mission of global surgery.

An increasing number of departments are developing global surgery programs
in response to a sharp interest among faculty and trainees and as part of an over-
all institutional strategic focus. These programs are critical to developing the
next generation of surgical leaders capable of addressing and identifying solu-
tions to the challenges of surgical care worldwide, particularly in LMIC. In cre-
ating such programs, Price and colleagues have outlined a few areas that must be
addressed [16].

Developing Multidisciplinary and Interprofessional Alliances

e Within every institution, there are faculty members in different departments,
including allied health professions and disciplines outside of healthcare such
as engineering, law, business, anthropology, etc., which have common inter-
ests in improving global health. Creating alliances among these important
stakeholders is helpful in developing an institutional value proposition. Such
collaborations could lead to new discoveries, external funding opportunities,
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and development of patents and entrepreneurial initiatives that could have
important economic benefit for the institution.

Aligning the Global Surgery Program with the Institutional Mission

An understanding of the new paradigm of AGS as described earlier should help
refute lingering misperceptions that all global surgery is volunteerism. Once the
mission of AGS is properly defined, particularly the focus on the scientific
endeavor to study surgical care and systems of care in the context of global
health, it becomes easier to align it with institutional missions that typically
include innovation, discovery, and education.

Promoting the Program Proposal to Key Administrative Leaders

Several methods can be used to promote the academic aspects of global surgery that
could generate broad support within the academic and local community and draw
the attention of key administrators within the institution. Opportunities abound to
give grand round lectures, resident seminars, and lectures in medical student, gradu-
ate, and undergraduate classes. Departmental and section meetings are also avenues
to provide updates on specific global surgery successes and discussing ideas for
potential expansion of activities. Many of the successful academic surgical programs
have also utilized social media, particularly Facebook and Twitter, to showcase their
efforts and create new partnerships. The national and international recognition that
often follows also helps to strengthen the institutional value proposition.

Demonstrating the Academic Capacity of Global Surgery Activities

The realm of academics revolves around teaching, research, and discovery, and
the accepted currency for academic relevance includes research activities, grant
funding, patents, and dissemination through peer-reviewed publications and pre-
sentations to local, national, and international audiences. Contribution to science
can be measured in several other ways such as service to specialty societies,
editorial boards, and review panels. These requirements should be no different
for faculty engaged in global surgery. Many surgical departments have intro-
duced international resident rotations and fellowships, created opportunities for
advanced degrees in global health, and helped to cultivate the interest and foster
mentorship among medical students, residents, and young faculty in academic
global surgery. Exposure to global surgery can help trainees achieve progress in
all professional competency domains. Also, by expanding the academic spec-
trum available in the department, these programs enhance the opportunity to
recruit medical students, residents, and faculty to the institution.

Preparing and Sustaining a Career in Academic Global Surgery

In the not too distant past, the concept of an academic career in global surgery was
met with a large measure of doubt. However, the increasing trainee and faculty
involvement and the expanding body of scholarly work in the field suggests that
AGS is not a passing fad, but rather a growing field of academic pursuit. There are,
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of course, unique challenges to formation of a career in this emerging field.
Acknowledging these while properly preparing oneself for success will allow obsta-
cles to be viewed as opportunities.

Potential Obstacles to a Career in Global Surgery

AGS is perhaps the latest among the recent new fields to join the ranks of academic

surgery, including clinical outcomes research, surgical education, surgical ethics,

and surgical innovation/technology among others. As these fields have emerged,

they have shared certain common challenges. In addition, there are some obstacles

that are unique to AGS. Among these are the following as modified from that stated

by Ozgediz and Ameh [11]:

» Continued misperception within the public health community that surgery is not
essential to population-level healthcare

» Persistent view within the academic surgical community that global surgery is
just volunteerism

* Uncertainty around the impact of scholarly work within global surgery and the
presence of a defined pathway for academic advancement in the field

* Absence from home institution and local teaching/clinical duties causing poten-
tial frustration among colleagues

» Logistics in sustaining collaborations across geographic boundaries

* Ability to obtain grant-based funding

Despite increased general awareness of the role of surgery within public health,
many surgical departments still lack the collaborations with their local school of
public health that are essential to establishing a successful AGS program [17].
Additionally, many individual academic surgeons with career interest in AGS do not
have local mentors, lack the support of their chairs, or have no defined career path
within their institution [18].

Furthermore, any misconception about the scope and academic potential for
global surgery within the surgery department will need to be addressed by the
aspiring global surgeon. Unlike the basic scientist or clinical researcher, the “labo-
ratory” of the academic global surgeon is typically not a concrete space within the
university, but instead is often dispersed in field locations around the world. This
can make the concept of global surgery a little harder to mentally grasp as an aca-
demic pursuit. However, at its core, AGS remains focused on the quality clinical
care, education, research, and advocacy that marks all scholarly pursuits within
medicine.

While there will always remain inherent difficulties in building partnerships
with distant institutions, information technology is helping to bridge these gaps.
In turn, this can allow academic global surgeons to successfully contribute and
maintain involvement even without being in the collaborating region all the time.
Lastly, with the rising profile of surgery in public health, funding avenues are
beginning to open up to allow the development of a sustainable career in this
field.
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Preparation: Things to Consider When Starting Out

The Essentials

 Identify what questions/problems are the most intellectually and emotion-
ally stimulating.

o Study the relevant literature. Know the results of the Lancet Commission
on Global Surgery, the Disease Control Priorities 3rd edition, Volume 1,
and relevant articles in surgical and public health journals.

» Consider obtaining advanced degrees (M.P.H/M.Ed., etc.) and improving
your contextual language skills.

* Find advisors early on in your quest — start by identifying those who do
what you want to do.

» Work on a plan to communicate your interests.

— Write a vision statement/career plan.
— Develop a 5-min elevator speech based upon above.

* Cultivate long-term relationships with just one or two institutions in your
region of interest. Begin with bilateral observational visits, then need
assessments, then project planning, and then execution.

e Always consider opportunities to relay your experiences and experimental
ideas, results, and impact by documenting these in the literature in part-
nership with local collaborators.

Although not mutually exclusive, the initial setup for a career in academic global
surgery may differ significantly from the preparation for a purely clinical volun-
teerism pathway in the field. The key to viewing the challenges to a career in AGS
discussed above as opportunities begins with proper preparation [11]. While prepa-
ration for a career in AGS should not supplant effort spent gaining the requisite
clinical knowledge and skills to make a competent surgeon, significant time will be
needed early on to successfully prepare for this career. This is no different than
dedicating one’s early career to launching a basic science lab and should be viewed
as integral to developing a career in AGS.

Academic Promotion as a Global Surgeon

The options to pursue a career in AGS may often be restricted by the ability to
gain acceptance and support for this pursuit. A critical aspect of this is the pro-
cess of obtaining promotion within the university. There are traditionally three
criteria that are considered when evaluating a faculty member for academic
promotion — patient care, research, and education. While promotion criteria
have traditionally bent toward numbers of publications and grants, increased
attention has been given recently to service and teaching activities within many
universities in North America. Fortunately, AGS provides ample opportunity to



116 S. Krishnaswami et al.

Table 6.1 Basis for Service
academic promotion

Deep involvement in patient care

Clinical productivity

Development of innovative care options

Reputation as expert

Clinical trials

Research

Creation of new knowledge

Ongoing contribution to literature

External funding

Education

Teaching and scholarly activities

Acknowledgement of teaching excellence

Development of coursework to increase expertise

Educational publications

earn academic credit in several of these domains and therefore a path to promo-
tion in many institutions [11] (Table 6.1).

Although the mainstays of promotion detailed above do not need significant
modifications for AGS, their interpretation may need to be expanded upon and the
significance of AGS activities clarified to those outside the field [15, 16]. As an
example, time spent building alliances with Health Ministries and program develop-
ment in emerging regions is crucial to creation and maintenance of AGS endeavors,
but will warrant description to others in the context of promotion. Similarly,
although the funding currently available to faculty in AGS is limited, project fund-
ing for trainees interested in the field is much more obtainable. Of course students
and residents could not qualify for such funding without faculty, who should be
credited for their close mentorship and study development when seeking
promotion.

Practicalities of Employment

Unless the academic global surgeon plans their activities solely during personal
time or relocates permanently abroad, it is critical to convey a plan early and often
to employers and practice partners to assure its success. A contractual agreement
should stipulate whether time away will be compensated and at what rate.
Negotiating a favorable agreement will require effective communication of the sig-
nificance of global health work to the institutional mission and demonstration of the
deliverables that will be produced [11].

It is often helpful to demonstrate the local relevance of the international work.
As employers, both the hospital and academic department typically want to know
how the activities will improve their reputation and working processes, for exam-
ple, by reflecting trust to the community. Will the work directly or indirectly ben-
efit patients in their region? Can the work influence models of care in the home
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institution? Every healthcare organization wants to demonstrate how they take care
of the needy, wherever they are. In promoting the activities of a global surgeon who
also works hard for the local community and underserved, it can demonstrate the
institution’s commitment to accessible, cost-effective, culturally sensitive, high-
quality services that are balanced with available resources. From the standpoint of
the academic department, it may be helpful to modify one’s scholarly activities to
fit within its current model. Will the AGS activities advance the education of the
department’s trainees? Are there parallel research projects that could be under-
taken within similar populations at home? The answers to these and similar ques-
tions can help demonstrate the true breadth and value of AGS to those unfamiliar
with the field.

Sustaining Success

Achieving professional legitimacy is key to sustaining success. Funding is central to

achieving this goal. Fortunately, the rising profile of noncommunicable disease in

public health is beginning to open up new funding avenues for clinical care and

research in global surgery. Institutional, regional, governmental (such as the NIH

and NCI), and even nongovernmental donors such as the Gates foundation are all

showing new interest in surgical work. Besides competing for funding, a few other

strategies to accomplish and sustain legitimacy include [19]:

» Differentiate AGS work from that of an NGO (demonstrate the academic compo-
nents of the work).

* Set up a new paradigm for care or for thinking about a disease or intervention.

» Establish global surgery interest groups.

* Develop an ACGME-approved international rotation for trainees.

* Engage residents in opportunities to publish and present at meetings.

* Develop coursework or textbooks in the field.

* Pose questions and always leave a paper trail — figure out ways to study the prob-
lems, investigate it, report on it, and write about it.

With proper preparation and patient self-application, a rewarding career in AGS
is possible. Understanding the criteria for academic promotion and the view of
potential employers is key to success. However, academic advancement as a global
surgeon should always be kept in perspective and is not the end itself. Ultimately, a
successful career in AGS should always be motivated by the desire to improve sur-
gical care across economic and geographic boundaries through bilaterally beneficial
clinical, educational, and research opportunities.

Academic Collaborations

Long-term collaborations are the cornerstone of academic global surgery. Such
partnerships not only center around clinical interactions but also research and edu-
cational initiatives as well.
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Clinical Collaborations

In establishing clinical collaborations, the academic surgeon goes beyond volun-
teerism and seeks to foster partnerships that support education, training, research,
and scholarship. Interactions that occur inconsistently or on a short-term basis are
not ideal platforms for academic collaborations. Clearly, sustainable long-term col-
laborations are preferable, but a well-planned short-term trip may also serve a useful
academic purpose. For example, short-term trips may provide an opportunity for
elective clinical experience and/or research projects leading to broader understand-
ing of local issues [20].

Meaningful academic collaboration with colleagues in LMIC often begins with
a well-executed clinical mission. Although needs assessment will likely reveal the
desire for assistance in developing clinical care and capacity, it is often that immedi-
ate need to improve surgical care in their communities that will bring LMIC col-
leagues to consider academic collaborations. To start, clinical projects can create
opportunities for academic engagement that can add value to the project [21]. Take
the example of a disaster relief mission that is seemingly far removed from aca-
demia: an academic input into planning could incorporate aspects of disease sur-
veillance, outcome measurement, and quality improvement. Even the introduction
of periodic case review conference to discuss difficult cases or complications can be
an important academic contribution to improving outcomes. It is important to note,
in many cases, such reflection may not be a part of the local practice and cultural
sensitivity will be required in conducting case reviews. To increase acceptance and
encourage participation, it is imperative to adopt a “no-fault” approach to discuss-
ing poor outcomes and ensure focus on quality improvement.

Research Collaborations

Research, being central to the mission of the academic global surgeon, will entail
on-site projects that cannot be accomplished without serious engagement with local
partners. Some basic research projects can be embedded in short-term clinical proj-
ects. However, more detailed projects, which can attract significant funding and
produce high-quality scholarship, will require detailed planning and attention to
developing bilateral or multilateral collaborations. These partnerships are not
always only north-south but also include possible combinations of north-north and
south-south arrangements. The following are some of the important considerations
in establishing north-south research collaborations [21, 22].

Identification and Training of Local Research Partners

One of the most significant barriers to be encountered in planning global surgery
research is to identify individuals at the local site with the interest and skills to par-
ticipate in the project. Initial contacts could be made during preceding clinical or
exploratory visits. Potential collaborators may be identified through their research
publications or presentations at scientific meetings. In some cases, it could be much
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easier to identify peer collaborators because they are more readily visible through
the avenues mentioned above. However, mid-level research staff — research assis-
tants, coordinators, etc. — may be more difficult to find; such individuals with train-
ing in research methodology are not always readily available. Therefore, in planning
a large research project, allowance should be made for training of local staff.
Academic surgeons in high-income countries may be in a position to support their
LMIC collaborators to attend research training courses or short-term visits in their
own institutions. Some research grant mechanisms include opportunities for help-
ing build such research infrastructure at LMIC sites.

Identification of Stakeholders and Logistics

Understanding the local context and identification of important stakeholders is vital.
Preliminary engagement or a formal needs assessment can help to ascertain the
relevant parties and issues to be considered for successful execution of the project.
What approvals are required from local institutions or governments? Is there a local
research ethics committee with jurisdiction over the research site? What logistical
considerations are needed for fieldwork? What arrangements are needed for trans-
portation, housing, utilities, personnel safety, handling of specimens, and data?

Grant Applications with North-South Collaborations

Research grant applications that leverage significant local participation are likely to
be rightfully favored over those in which all the investigators are from high-income
countries. However, the LMIC individuals to be listed as principal investigators or
co-investigators in such grant applications will be subjected to the usual level of
scrutiny as others. The typical criteria — demonstration of expertise, research experi-
ence, scholarship, and track record of working with research team members — will
apply to all investigators. Usually, years of sustained interaction through clinical
engagement, exchange visits, pilot projects, and joint publications will be needed to
establish a credible partnership [21, 23].

Educational Collaborations

True educational opportunities in global surgery must address learning objectives
for participants from both HIC and LMIC. The traditional volunteer medical mis-
sion has often included training opportunities and experience for undergraduate and
postgraduate trainees from HICs, but rarely their counterparts at the LMIC site. A
more inclusive and ethical view of academic global surgery demands reciprocal
concern for the training needs of the host countries [24].In any case, designing edu-
cational experience for trainees from either or both sides provides an opportunity
for various forms of educational research [25].

Educational Opportunities for Trainees from High-Income Countries
International rotations have become increasingly popular among medical students
and residents from the USA [26]. Such an elective rotation offers an opportunity to
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appreciate the value of surgery as a public health tool. These trainees gain an under-
standing of the cultural, social, and economic determinants of surgical diseases,
which could inform their diagnostic and therapeutic decision-making, hopefully
leading to a more judicious utilization of resources. For many of these trainees, the
international rotation could be their first exposure to the daily struggles of people in
LMIC with poor infrastructure, limited supplies, and inefficient allocation of
resources. Also, these trainees from HICs will appreciate the huge disparities in the
working conditions of their peers in the host countries. For example, having become
accustomed to limited work hour rules, they will appreciate that their peers in the
host countries still work much longer hours for significantly less stipends. They will
also experience a different level of attention and approach to ethical and medicole-
gal issues [21].

Both the American Board of Surgery (ABS) and the Surgery Residency Review
Committee (RRC) of the Accreditation Council for Graduate Medical Education
(ACGME) have approved a mechanism for overseas rotation to count toward the
requirements of general surgery residency training in the USA. However, currently
only a select number of residency programs have obtained the approval for their
international rotations. Such is the presumed value of the international experience
that many residents from programs that have not obtained formal approval still
engage during their vacation time and often at personal expense.

A likely benefit for the academic global surgery field is that these experiences
may serve as a springboard that will propel medical students and surgical residents
to consider a career in global surgery. Exposure to unusual diseases, conditions, pat-
terns of care, or other local practices may inspire future research ideas. Also, the
relationships and network established during the visit could be the basis for future
research collaboration, perhaps as an academic global surgery faculty [27].

Educational Opportunities for Trainees from Low- and Middle-

Income Countries

While trainees from HIC seem to have unfettered access to patients while on rota-
tions overseas, their counterparts from LMIC often face a highly regulated set of
conditions when visiting HIC. The regulatory obstacles are often justified on the
need for patient safety and liability protection for the HIC host institution.
Consequently, most LMIC visiting trainees are relegated to an observation status,
with few opportunities for practical experience, thus severely degrading the training
value of the visit.

Despite these limitations, attention to certain detail when preparing for visits by
LMIC participants could help to optimize their experience. Careful planning of the
observational experience, such as attendance at ward rounds, operating room ses-
sions, clinical and research conferences, and journal club, may make the visit worth-
while [21].

Increasingly, the focus of the academic global surgeon seeking to improve train-
ing in LMIC is training that can be provided on-site in the LMIC. The visiting sur-
geon could help to design experiences that complement existing training efforts in
the LMIC or may undertake the task of creating new programs. Designing the
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curriculum for LMIC settings requires thoughtful collaboration with local stake-
holders, needs assessment, and contextual relevance [25, 28]. Most commonly, such
curricula emphasize medical knowledge and technical skills training. Yet, it is
equally important to include the nontechnical aspects of training such as profession-
alism, safe surgery, and ethics. Whatever its focus, the program should have clear,
achievable goals and timelines. Benchmarks to measure quality of the training may
include number of cases performed, examination pass rates, and trainee and faculty
research or academic output [28].

A successful surgical training program in a LMIC must include a path to local
certification and credentialing. In most cases, this is through national or regional
professional training and regulatory bodies (e.g., the West African College of
Surgeons (WACS) or the College of Surgeons of East, Central, and Southern Africa
(COSECSA) for sub-Saharan Africa). Every effort must be made to align any col-
laboratively designed curriculum to the requirements of these entities. Some gov-
ernments and training bodies in LMIC require a mandatory period of training,
usually with some subsidized funding. Such programs provide yet another opportu-
nity for academic global surgeons from HIC to create regular trainee exchange vis-
its that could provide the continuity of an international collaborative program.

Global Surgery Collaboration: A Contemporary Example

The Alliance for Global Clinical Training is a consortium of US surgical
departments (University of California San Francisco, University of California
Davis, and Oregon Health & Science University) that provides continuous
educational support in Dar es Salaam, Tanzania, at the Muhimbili University
of Health and Allied Sciences. This alliance is a new endeavor focused on the
development of a mutually beneficial partnership to enhance the training of
surgical residents from both Dar es Salaam and from the USA. The current
effort is concentrated on providing more teaching coverage, equitable distri-
bution of educational support among the trainees, and the development a for-
mal surgical curriculum [28].

Funding Research in Global Surgery

Securing funding for global surgery projects is a challenge and can be frustrating as
more surgery faculty attempt to build academic careers in the area. Many faculty
rely on the more available funding for their medical students and residents to facili-
tate project initiation. Unfortunately, this can be sparse as well. However, the com-
bined efforts of the Lancet Commission on Global Surgery, the Disease Control
Priorities 3rd edition (DCP3), and the effect of the May 2015 World Health
Assembly resolution 68.15, “Strengthening Emergency and Essential Surgical Care
and Anaesthesia as a Component of Universal Health Coverage,” should lead to an
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increase in focus and funding from the government and NGO donors for surgical
work and research [29, 30].

Despite the paucity of funding for global surgery research and program develop-

ment, it is still possible to obtain funding provided that projects are designed well,
have goals that align closely with donor’s priorities, and if one is persistent! Frost
et al. suggested the following steps to improve one’s chances of receiving funding
in the current environment [31]:

Make sure the aims of your project fit with prioritized global health problems.
You are more likely to get funded if the project fits into a “hot” theme. As an
example, the WHO has stated that prevention and treatment of injury should be
added to the global health agenda. Additionally, the Fogarty International
Center and many NGO foundations have recently increased their funding for
noncommunicable disease research and training. A surgical project relating to
some aspect of trauma would therefore fit into the noncommunicable diseases
and injury topic and may be more likely to get funded in the current environ-
ment [13].

Align your project to fit the scope of the funding agency. All granting agencies
have strict rules about what they can and cannot fund. It is, therefore, essential to
investigate the type of projects that have been funded. Contact the project officer
and review the mission statements and rules for grant seekers. All of this infor-
mation can be found on the donor’s website. BE FLEXIBLE! It is essential to
create multiple variations of a single project to fulfill the objectives of several
different potential funders.

Have a sustainability plan built into the application. Funding agencies want to
know the long-term effects of the grants they finance, and all projects are
reviewed for sustainability. Short-term “mission trips” are a traditional approach
in global surgery, but unless there is a design for training or a concomitant col-
laboration around research or long-term clinical care, they may have little
enduring impact. Proposals should always include distinct outcome measures
and demonstrate how the project and its gains will be durable after
completion.

Build a reputation for global surgery research or program development. Donors
are more likely to fund projects if the principle investigator has been successful
in the past. Evidence of such a record includes the principal investigator’s (PI’s)
own prior funding, residents, or medical students that have been funded, as well
as presentations, abstracts, and published manuscripts on the topic. As impor-
tantly, publications are key to overall academic success and demonstrate to your
department that global surgery is a serious academic endeavor.

Submit well-written proposals with clear goals and measurable results. Writing
a QUALITY project proposal takes time and effort. No one rises to low expecta-
tions. Set high expectations for yourself and do your own final edits. Don’t rely
on others to do this for you. One of the best ways to learn how to write a great
proposal is to obtain previously successful applications.

Never, ever quit! You have to submit an application to secure a grant. Yet, more
often than not, there will be several failed attempts before breaking through.
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Even the best ideas are not always funded, and a reasonable success rate for
global surgery grants currently is around 10%. If you are turned down, always
seek feedback and consider discussing the rejected application with the program
officer. Critiques of your proposal can be difficult to read, but they provide
insight on how to improve for the future.

Ethics and AGS

A consideration of ethics is imperative. While the goal of academic global surgery
is to deliver positive change for underserved populations, it carries the risk of caus-
ing unintended harm. Ethics is commonly understood as defining good (appropri-
ate) from bad (inappropriate) conduct, but what constitutes ethical conduct can vary
according to cultural norms and local practices. Thus, during global health encoun-
ters, it is not unusual to find visitors with notions of ethics that differ from their
hosts [24].

When such conflicting view arises, deference to local concerns is generally
expected. Our brief discussion of some ethical aspects of academic global surgery
will center on research and will be anchored on the principles of beneficence, non-
maleficence, autonomy, and justice.

Beneficence and Non-maleficence 1t seems obvious that global health practitioners
would act in the best interests of the communities they have chosen to serve and will
cause no harm. However, concerns have been raised in the past about some research
studies conducted in poor countries that appear to have their rich sponsors as the
primary beneficiaries. Global surgery researchers must ensure the local significance
of their work.

Autonomy This principle respects the right of competent persons to give informed
consent for medical treatment and participation as research subjects and to have
control over their bodies. This right extends not only to decisions being made at an
individual level but also community-level decisions that affect the individual.
Informed consent practices during global surgery encounters must go beyond the
legalese and ensure that patients/subjects are able to make an independent risk-
benefit assessment. This will require utilization of culturally appropriate informed
consent tools with appropriate interpretive services. Another important expression
of autonomy concerns the participation of local partners in the research enterprise.
If the local partners are engaged and feel ownership of the project that is relevant to
them, then a true collaborative relationship has been created. The autonomy of the
local partners in this research arrangement is expressed by assigning them appropri-
ate equity and credit in research presentations and publications [32].

Justice This principle requires that the benefits and risks of medical care (and
research) be distributed fairly and equitably to all persons. An example in global
surgery research might be how their projects influence the implementation of
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clinical care guidelines or health policies and the responsibility to ensure that the
greater burden is not placed on the most disadvantaged segments of the
communities.

Conclusion

The ultimate success of recent efforts toward increasing capacity, access, and
funding for surgery across the globe will likely hinge upon the complete integra-
tion of research, education, and advocacy initiatives into existing models of clini-
cal care. The involvement of universities, surgical departments, and professional
societies will be critical to global surgery going forward. Through both support-
ing the careers of the many interested trainees and faculty in AGS and by facili-
tating ethical, mutually beneficial collaborations, academia can serve as the
vehicle that launches surgical care into a new era of worldwide equity.
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E-Learning in Global Surgery

Brian H. Cameron and Susie Schofield

Introduction: Why Should Global Surgeons Be Interested
in E-Learning?

The Essentials

o The Internet has transformed medical education globally.

* Global surgery initiatives often have a strong educational component.

e Online learning can complement but not replace effective face-to-face
instruction.

Within a generation, medical educators have adopted increasingly complex class-
room teaching tools, moving from chalkboards to slides, and overhead projectors to
smartboards. With the arrival of the World Wide Web in 1991, increasing computer
power, decreasing costs, and the increasing penetration of Wi-Fi, there has been an
exponential growth in use of educational technology via the Internet. Over the last
decade, this has completely transformed medical education and the learning envi-
ronment of the twenty-first century [1]. E-learning in medical education is “The use
of the Internet and multimedia technology to deliver instruction and facilitate learn-
ing” [2, 3]. The technologies and terminology are changing quickly — key terms and
definitions are summarized in Table 7.1 [4].
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Table 7.1 E-learning terminology and definitions [4]

Term Definition

E-learning Teaching and learning that is facilitated via information and
communications technology, both inside and outside the
classroom

Blended learning A mixing of different learning environments and approaches

that often includes both face-to-face classroom methods and
computer mediated activities in and/or outside the classroom

Distance learning Teaching methods and technology for learners who are not
physically present in a traditional classroom. Pure e-learning
and blended learning are examples

Video teleconferencing A way to engage people at different locations in synchronous
interaction; includes video and audio feeds streaming in real
time

Computer-assisted instruction The use of instructional material presented by means of a
(CAI) computer or computer system to enhance instruction and
facilitate interactive learning

‘Web-based learning (WBL) An educational approach that involves the use of the Internet
for delivering learning materials and supports teaching and
learning using various online resources

Course management system A web-based application for the administration,
(also known as a virtual documentation, tracking, and reporting of educational
learning environment, VLE) programs

Asynchronous discussion board | E-learning strategy to expand the reach of a faculty, whereby
comments on lectures, seminars, grand rounds, and journal
clubs are shared asynchronously with individuals who are
unable to join a discussion session

Wiki, blog, webinar, podcast, Examples of Internet-based e-learning tools
social media, polling

Computer-assisted instruction (CAI) with interactive tutorial modules have been
around for several decades, but web-based learning (WBL) using the Internet has
been a more recent revolution. However, information technology is a tool rather
than a teaching method, and leading medical e-learning advocates Cook and Triola
[1] recognize that “effective education requires good teachers and lots of hard
work.” Surgery — which requires the development of critical thinking and appraisal
skills in addition to technical skills — cannot be learned independently online. Global
surgeons are as much learner-educators as service providers, and almost all global
surgical projects will have — or should have — an educational component. E-learning
tools have unique advantages in distance learning, such as allowing learners to be
engaged synchronously with an online lecture, or review and respond through an
asynchronous discussion board. Surgeons collaborating in global surgery partner-
ships may want to access existing online learning resources or develop their own.
Early global surgical e-learning initiatives focused on making static educational
resources such as journal articles available online to surgeons in low- and middle-
income countries (LMICs) [5]. Internet listserv groups accessed intermittently and
asynchronously have evolved into synchronous chatrooms and live webinars, with
surgical educators taking advantage of each new e-learning technology [6].
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Fig.7.2 E-learning modalities used in medical education in resource-constrained countries [4]

The global penetration of computers and smart phones and access to the Internet
continues, reaching even the remotest parts of the least developed countries. The num-
ber of active mobile subscriptions now exceeds the world population, and the digital
divide in Internet access in the developing world is decreasing [7, 8] (Fig. 7.1).

Access to the Internet in Africa is now growing at an even faster rate than mobile
telephone ownership, and e-learning in Africa is expanding rapidly [8, 9].
Increasingly reliable broadband and wireless communication has expanded access
to surgical education resources for postgraduate trainees and continuing profes-
sional development (CPD) in the global south [10, 11]. Frehywot et al. [4] reviewed
the literature on the use of e-learning in medical education in LMICs and found a
broad range of e-learning modalities being used in resource-constrained settings
(Fig. 7.2) [4]. The majority of publications reviewed came from Brazil, India, Egypt,
and South Africa, and most included partnerships with universities in high-income
countries. E-learning was found to be beneficial in supporting faculty shortage,
supplementing formal teaching, and expanding resources for distance medical
education.
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The focus of this chapter will be on instructional design and course configura-
tion, examples of successful implementations, evaluation approaches, and future
directions for e-learning in global surgery. The chosen examples are postgraduate or
CPD surgical initiatives, many from Africa, where many north-south partnerships
are making an impact in surgical education.

Course Configurations: Computer-Based Curricula vs.
Face-to-Face Learning

The Essentials

* The “flipped classroom” model expects learners to review e-learning
resources on their own, using classroom face-to-face time to discuss exam-
ples and problems.

* Challenges of e-learning in the global south can be addressed by making
e-resources simple enough to be downloaded and accessed with slow
internet speeds.

As with any teaching and learning method, e-learning programs have advantages
and disadvantages over face-to-face instruction. According to Jayakumar et al. [5],
potential advantages of e-learning include:
» Ease of access
* Flexibility of learning
* Easily updatable
* Presented with multimedia
* Economies of scale
* Personalized learning
Potential disadvantages include:
* Dependent on Internet speed
* Impersonal learning
* High initial cost
* Programming expertise required

Bediang et al. [12] surveyed health sciences students, residents, and faculty in
Cameroon regarding their attitudes and experience of e-learning. Overall there was
great enthusiasm for computer-based learning, but minimal experience. Eighty-one
percent of residents had their own laptop computers, but only 61 % had Internet
access at home, whereas the rest used a cyber café. Most residents searched for
health literature using Google, and only 16 % knew about MeSH headings. The
most common added values that residents perceived from e-learning were improved
access to educational resources, improved method of personal working, and devel-
opment of autonomy in learning.

Course configurations may include self-directed tutorial modules, discussion
groups, or interactive patients [1]. Virtual learning platforms (such as Blackboard™
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and Moodle™) provide an interface between the teacher, the learner, and the learn-
ing resources. Active learning is supported by technology by using web 2.0 fea-
tures, e.g., online discussion boards and blogs. There is increased interest in the
“flipped classroom” model where course content is provided, with or without
online discussion, for participants to engage with before a face-to-face session.
This session can be used to work through problems and answer questions [13].
Multimedia, online text chat, and polling (e.g., PollEv.com) are some of the other
increasingly sophisticated interactive online presentation tools to enhance the
learning experience.

Disadvantages of e-learning in developing countries include the challenge of
engaging learners, the cost of developing relevant content, and the limitations of
unreliable Internet service. In the global north, millennial learners are more famil-
iar with “learning by doing,” are experienced multitaskers, and have zero toler-
ance for delays. Distance learning is student-centered and self-directed, which
may be challenging for students used to more specific direction. Some studies
suggest that students don’t always like pure e-learning courses and some have
worse outcomes than traditional classroom learning, an opinion also shared by
some funders [14].

The challenges for learners in the global south may be different. Students in
developing countries may have to deal with unfriendly user interfaces, lack of digi-
tal literacy, and unreliable and costly Internet access [15]. Learning styles in many
developing countries are based on a traditional hierarchy of teacher over learner
and respect for authority. Safie et al. [10] describe e-learning strategies at the
United Nations University International Institute for Global Health in Malaysia.
Their students are used to teacher-centered didactic learning and need to become
more self-directed learners to gain the most from e-learning. Non-motivated learn-
ers tend to drop out of online courses. Surgical trainees in developing countries
may struggle with balancing service time with their education, financial difficul-
ties, lack of academic confidence, obstacles due to age or gender, and lack of a
supportive study environment. Overcoming the challenge of becoming self-
directed learners can be addressed by providing opportunities for collaborative
learning, peer-mentoring, and life-long learning as part of a community of practice
[12, 16, 17].

Explicit information (factual knowledge) adapts most easily to e-learning pro-
grams, whereas the experiential knowledge required for surgical practice (e.g., com-
munication skills, professionalism) is harder to teach and learn online. Although
technology generally becomes less expensive over time, online courses with engag-
ing presentation features such as multimedia can become increasingly complex and
costly to produce, requiring a large amount of instructor preparation time [1]. It is
possible to develop E-learning resources using low-cost or free software and simple
production methods easily learned by the teacher/producer [18]. Developers of
global surgery online resources must also consider keeping presentations simple
enough to be easily accessible with minimal bandwidth and potentially download-
able since trainees may be accessing Internet from public sites such as Internet cafes
or from their mobile device if not too expensive.
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Instructional Design: How Should E-Learning Resources
Be Designed?

The Essentials

* Adult learners respond to active engagement, relevant content, and imme-
diate feedback.

o E-learning resources should be simple, readable, and focused.

* An online e-learning Community of Inquiry has a clearly defined curricu-
lum, develops social connections, and develops critical thinking through
reflection and discussion.

Computer-based curricula are only as effective as their instructional design. Merrill
indicates that adult learners are engaged by real-world problems, by connecting to
previous knowledge, by demonstration and application of new knowledge, and by
opportunities to integrate new knowledge through reflection and discussion [19].
Harden [20] summarized four strategies required for effective learning as the FAIR
principles: Feedback to the student, Active engagement of the learner, Individualized
instruction recognizing different learning needs and styles, and Relevance of con-
tent to allow application of theory to practice. These fundamental principles for
adult learning should be applied to the development of e-learning resources.
Instructional methods that improve e-learning outcomes enhance cognitive engage-
ment, give feedback from self-assessment questions, and provide repetitive content
[21]. Principles of e-learning instructional design can also be summarized as five Is:

Individual student directed.

Integrate content into experience.

Interactivity with technology, peers, and teacher.
Immediate feedback.

Iterative concepts to reinforce learning.

Dk e =

Curricular content should be simple, focused, positive, readable, and avoid jar-
gon. E-learning courses need to consider readability, especially when English is a
second language, for surgical residents in developing countries. The Gunning fog
index is a measure of text readability based on the importance of using short words
and short sentences [22]. Koski and Mann [23] identify the ABCs to check when
developing effective e-learning resources. These ABCs are:

(A) Accuracy of spelling and grammar
Appropriateness to audience
Arguments: will key points influence the reader?
(B) Brevity
Balance of description, opinion, guidance, and information
Background: does the content add something new?
(C) Comprehensive: does it cover the objectives?



7 E-Learningin Global Surgery 133

Clarity of layout and readability
Coordination: does the content hold together visually and conceptually?

Ruggeri [15] has summarized a number of institutional, instructor, and learner
characteristics that are critical factors for successful e-learning programs. Both
instructors and learners must have positive attitudes toward e-learning, digital lit-
eracy skills, and the motivation to develop and use e-resources. E-learning programs
that incorporate blended programs, synchronous, asynchronous, colocated, and
remote learning, are most likely to balance the benefits of face-to-face learning with
e-learning’s flexibility and user-centered learning.

Online discussion forums provide an opportunity for learners to engage, share
their challenges, and work together. Salmon [24] describes a five-stage model,
where learning is scaffolded, with a gradual move from moderator-directed instruc-
tion and technical support to a constructivist approach, encouraging higher partici-
pation rates and increased student satisfaction. Establishing an online social
presence with the course participants is important to creation of a safe and effective
learning environment. Garrison [25] has developed a widely recognized framework
that is applicable to understanding what makes an online distance-learning course
effective and is particularly applicable to global surgery education. Within this
framework, the online course promotes learning by developing a Community of
Inquiry with three online dimensions: social presence connecting learners, cogni-
tive presence developed by assignments that demand critical thinking, and instruc-
tor presence providing a clear outline of objectives and assessment criteria. This
framework of instructor, social, and cognitive dimensions to online learning is use-
ful in designing and evaluating e-learning initiatives.

Examples of E-Learning Initiatives in Global Surgery

The Essentials

* High-quality surgical videos can be produced inexpensively, but require
attention to detail and must respect patient confidentiality.

* Online surgical courses and qualifications designed specifically for global
surgery are increasingly interactive and sophisticated.

* Live and recorded webinars as well as online telementoring are effective
ways to bring global surgeons together.

CAIl (Computer-Assisted Instruction): Making Static Learning
Resources Better

Multimedia computer technology can make standard lectures or PowerPoint slide pre-
sentations more engaging and polished. Articulate ™ (https://www.articulate.com/) is
an add-on software program for PowerPoint ™ that can add audio, video, and interac-
tive quizzes and images to make a standard lecture into a self-directed module. Podcasts
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and YouTube videos can also be easily created with standard computer software [26].
All of these surgical teaching resources can be archived and made available at any time
on the web [27]. Surgical education videos are now easily accessible to the majority of
the world via YouTube. The biggest challenge for learners is to select instruction that is
accurate and high quality, since these videos are generally not peer-reviewed.

Rehim et al. [28] outlined some of the practicalities of producing effective surgi-
cal education videos including equipment, software, editing, and archiving logistics.
Their excellent article provides guidance on inexpensive production of high-quality
surgical videos. Tip includes using an inexpensive handheld HD camcorder with a
large depth of field and using optical zoom and macro mode to maintain image reso-
Iution and focus. Slight underexposure without bright overhead lights is preferred.
Video editing can be done with minimal experience using basic Apple™ (iMovie) or
Windows™ (Sony™ Vegas Studio) software, and the total length of a surgical video
should be no longer than 3-5 min. Voiceovers should be recorded without back-
ground noise and added after the final edit. The most widely used video compression
formats are MPEG and Quicktime™. Informed patient consent for any photography
is critical in today’s world. Images should only show patient faces or identifiable
characteristics when absolutely necessary and specific consent is obtained.

Structured Online Postgraduate Surgical Courses with Tutor-
Student Online Interaction

The Branch for International Surgery at the University of British Columbia now
delivers a fully online four-course Graduate Certificate in Global Surgical Care.
Courses include an overview of global surgery, surgical disability, disaster response,
and program planning and evaluation. Twenty-three percent of the course graduates
are from outside Canada, including from India and Pakistan [29].

Some online surgical curricula developed for residency training in the global
north are being made accessible to surgical trainees in the developing world. The
American Surgical Council on Resident Education curriculum (SCORE) was
piloted with African surgical trainees who rated it favorably, but the article notes
that SCORE was designed specifically for American surgical trainees [30]. Although
there is a lot of common ground for a global surgery curriculum, the differing preva-
lence of surgical disease and lack of many sophisticated diagnostic and therapeutic
tools mean that imported surgical curricula may not be locally relevant.

Online surgical courses, such as the Master of Surgical Sciences course run by the
University of Edinburgh in the UK, have demonstrated a positive correlation with perfor-
mance in the MRCS exams [31]. This course includes case discussions with tutor feed-
back, MCQs, and essay assignments. The pass rate is over 80 %, and only 11 % of the
initial cohort withdrew from the course. Of particular interest is the course’s success in
recruiting trainees from 40 countries, many in the developing world. Course leaders
stated that “the majority of students (81 %) considered that the (course) would improve
their chances of gaining a surgical training post” [31]. This raises the question of whether
the course will enhance surgical training in the developing world or will contribute to the
brain drain of surgeons to the developed world. Although this and similar courses provide
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internationally recognized qualifications, surgical program directors in low-resource set-
tings will need to consider the competing priorities of providing access for their trainees
to high-quality e-learning resources that may not align with their local needs.

Other online curricula are specifically being developed collaboratively for surgi-
cal trainees in LMICs. Moodle ™, an open-source content management system, is
used as the platform for the School for Surgeons online curriculum for surgical resi-
dents training through the College of Surgeons of East, Central and South Africa
(COSECSA) [32]. The site includes case-based discussions, evidence-based reviews,
and self-directed modules (Fig. 7.3) [32]. The Royal College of Surgeons of Ireland
manages the site, and surgical trainees are required to complete a fixed number of
modules. Course coordinators have learned that submission of assignments is a bet-
ter participation measure than time spent online, page views, or downloads [33].

Jotwani et al. [34] reported their experience from the All India Institute of
Medical Science with an open-access online Moodle™-based Neurosurgery
Education and Training School (NETS) that provides access to educational resources
that include 344 downloadable presentations and 135 videos (operative, animated,
and recorded lectures). The site also incorporates a Q&A discussion forum,
Facebook discussion group, and live broadcasts. The authors reported over 5,000
visitors annually (57 % repeat visitors) including many non-neurosurgeons. One
hundred ninety subscribers accessed the surgical videos, 3-D animation, and
graphics-based training modules, accounting for 64,380 views. The site includes an
ongoing discussion forum with, at time of publication, 968 members from 45
nations, the majority from developing nations of Asia and Africa. Another collab-
orative online course for Ghanaian neurosurgery residents found that participation
improved with introduction of assignments and an active online discussion forum
contributed to student satisfaction [35].
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Fig.7.4 Guyanese surgical residents participate in a Skype conference with Canadian faculty [37]

Videoconferencing: Virtual Symposiums/Webinars - Live
and Recorded

Raigani [36] provides an excellent overview of the uses of videoconferencing in
global surgical education. Teleconferences have been used for decades, but the
Internet and desktop computing have made webinars available inexpensively to vir-
tually anyone, anywhere in the world. Conferencing softwares such as Adobe
Connect, GoToMeeting, and Skype are just a few of the free or low-cost platforms
being used by surgeons [37] (Fig. 7.4).

One of the more successful regular weekly online surgical seminars is broad-
cast from a South African pediatric surgical unit to regional satellite hospitals
and an increasingly worldwide audience [36]. PowerPoint talks are prepared by
trainees and presented to their peers and faculty, and Q&A through the Chat
Board. Recorded conferences are downloaded 300 times a month, and DVD
recordings are distributed to other African countries where bandwidth is too
poor to participate in the live broadcasts [38]. Globalcast MD has taken the
virtual surgical symposium a step further, with professional production, expert
panelists, and high quality multimedia presentations [36]. Discussion and audi-
ence participation are encouraged similar to a conference panel, an engaging
format for continuing professional development. Participants can see presenta-
tions, engage by video with faculty in numerous locations, and participate in
online polls (Fig. 7.5) [36].
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Fig.7.5 Screenshot from a GlobalCastMD online webinar [36] (Reprinted with permission from
Raigani et al. [36] , with permission, © Georg Thieme Verlag KG)

Telementoring is another application of videoconferencing that has particular
applicability to surgical training. Okrainec et al. [39] have used Skype from Canada
to demonstrate and mentor surgeons in Botswana in simulated laparoscopic skills
training. Surgeons are also being telementored in the operating room by experienced
surgeons as they work through their learning curve for new minimally invasive surgi-
cal procedures, an exciting development that also brings new ethical and medicolegal
considerations. Websites of some surgical e-learning resources are listed in Table 7.2.

How Can E-Learning Initiatives Be Developed Within a Surgical
Department?

The Essentials

* Academic surgical departments can develop e-learning policies and
resource needs.

e In producing surgical education materials for today’s digital world, patient
confidentiality and intellectual copyright issues should always be
considered.

How often have we been frustrated by watching someone try to get their laptop con-
nected to the projection system, or by having to update software before we can
access an online module, or by having to reset our forgotten password to the online
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Table 7.2 Specific global surgical e-learning initiatives

Website Host country Description and surgical discipline

surgicalskills.co.za/web-meetings South Africa Weekly pediatric surgery webinar

globalcastmd.com United States ENT, general, thoracic, pediatric
surgery

aiimsnets.org India All-India institute neurosurgery

schoolforsurgeons.net Ireland COSECSA general, orthopedic,
urology

websurg.com/cme France Websurg laparoscopic technique
videos

internationalsurgery.med.ubc.ca Canada Graduate Certificate in Global
Surgical Care

facs.org/education/resources/elearning | United States American college of surgeons
e-learning

course? These difficulties of access are compounded in the global south when basic

Internet access can be unreliable, too costly to use, and/or have inadequate band-

width. However, surgeons are very creative and often develop work-around solu-

tions such as downloading readings at the local Internet café or using the broadband

Internet in the administrative office to access webinars. Technical challenges such

as firewalls, computer viruses, theft of devices, and lack of reliable Internet provid-

ers will require expert IT assistance.

As more e-learning materials are developed and shared, surgeons working in
academic institutions need to be aware and part of the development of policies for
their use. A surgical departmental e-learning policy document should address issues
such as:

1. Purpose of E-learning. How does the use of e-learning align with the vision and
direction for the institution? Leadership commitment will be necessary for
success.

2. Participants. Who are the learners and what are the learning objectives? Is the
goal to deliver blended content to existing local learners, to focus on distance
learners, or to make content openly available?

3. Resources. What teachers, resources, and systems are needed to support these
objectives? Does our department need a full-time IT person to ensure our needs
are met, or will we be dependent on a centralized computer services unit? What
training is necessary for those developing and using the e-learning platform?

4. Collaborators. Who will we work with outside the university to develop an evi-
dence-based, reliable, and appropriate approach to e-learning? Do we need to
hire an experienced consultant to help us implement our plan, or is it better to
depend on in-house expertise?

5. Logistics. What considerations are needed to ensure ease and reliability of access
to the IT, cost-recovery, security, and copyright? How can a new strategy be
communicated and implemented in the least disruptive way?

6. Outcome Measures. How will the success of new e-learning initiatives be mea-
sured? Online metrics allow collection of data regarding recruitment, retention,


http://surgicalskills.co.za/
http://globalcastmd.com
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and completion rates of learners. Research and iterative quality improvement

needs to be incorporated into the strategy from the beginning. What external

accreditation standards need to be met?

Confidentiality and copyright are two ethical issues that deserve specific mention
in implementing e-learning in global surgical education. The basic principles of
respecting patient privacy and confidentiality also apply to online educational mate-
rials. With wider use of cellphones and social media, educational platforms may be
used to share specific information about interesting cases. For example, surgeons
often use clinical case photographs or videos in their teaching materials. Surgeons
involved in global surgery educational initiatives should be aware and model the
same appropriate behaviors toward protecting patient information that they would
in their home country. Many professional medical organizations have developed
ethical guidelines for social media use [40].

The easy posting and sharing of copyrighted materials such as journal articles
also raise ethical issues. Strictly speaking, most journals will allow online sharing
of articles by copyright holders to their enrolled learners (generally behind a pass-
word protected website). Copyright is being infringed if such materials are being
shared openly and freely online or through a commercial site. Educators have devel-
oped a number of Creative Commons websites to share copyrighted learning mate-
rials with other educators. Generally materials are provided for free as long as they
are credited to the original authors and the user registers on the website. Examples
are the AFMC Canadian Healthcare Education Commons, the AAMC, and the
Association for Surgical Education [41-43].

Evaluation and Accreditation of E-Learning Initiatives

The Essentials

o There is little evidence that new learning technologies lead to improved
learning outcomes, but they do expand the number of potential faculty and
learning resources for global surgeons.

* Evaluation of e-learning should include measures of participant participa-
tion, satisfaction and learning outcomes, and ideally even changes in
behavior and patient outcomes.

Two meta-analyses of e-learning led Cook et al. [44, 45] to conclude that e-learning
is generally as effective, but no better than traditional teaching methods. Cook and
Triola [1], both experts and enthusiasts for e-learning, recorded an interesting dis-
cussion about the hype and hope of new e-learning technologies. Newer informa-
tion technologies make e-learning easier, faster, more open-access, and even less
expensive; however, there is little evidence of new technology leading to improved
learning outcomes, and there is a danger that the financial cost and instructor time
necessary to produce sophisticated e-modules may discourage their use. With the
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large amount of faculty time and costs of new IT, it is important that new e-learning
initiatives be evaluated both for outcomes and for cost-effectiveness. Outcome mea-
sures should include more than just student satisfaction. Belfield [46] identified five
increasingly valid measurement levels to evaluate a medical education intervention:
participation, learner satisfaction, changes in knowledge/skills/attitudes (learning),
changes in behavior, and changes in patient outcomes (impact).

1. Participation. E-learning makes participation metrics easier to audit. Page views,
downloads, time online, and course completion rates can be easily monitored but
may not reflect true learning or learner engagement. Increasingly, technology
can aid in analyzing learner usage and adapt curricula to individual needs.

2. Learner satisfaction. Were the e-learning resources accessible? Easy to use?
Engaging? The Community of Inquiry survey tool developed by Arbaugh et al.
[47] for online distance learners surveys the perceptions of the instructor’s role,
the social presence, and the cognitive requirements of an online graduate course.
Can we identify student factors leading to success vs. dropout?

3. Learning. These are the traditional measures of changes in knowledge, skills, or
attitudes as a result of the intervention, which are most often measured as pre- to
post-course comparisons. Formative structured feedback during the course can
be incorporated into instructional design. Summative assessments should be
valid and reliable if used for high-stakes certification.

4. Behavior. As competency-based surgical training becomes the norm, more valid
direct observation assessment tools are being developed for trainees (e.g.,
OSATS). However, it is hard to ascribe a change in behavior to an e-learning
intervention when there are often other inputs and variables.

5. Impact. Changes in patient outcome are the gold standard measure for an educa-
tional intervention, but are rarely measured. Incorporating measures of changes
in behavior and patient outcomes into an e-learning program is difficult and per-
haps only possible by self-reporting, but blended surgical curricula could require
such assessments.

Ruggeri [15] proposed a comprehensive model for evaluating e-learning pro-
grams in health that can be applied to surgical education. The model includes course
outcomes as well as obstacles and benefits. Ruggeri also argues that organizations
supporting e-learning in health should develop guidelines for accreditation.
However, Walsh [48] opines that formal accreditation fits poorly with e-learning
and may lead to unintended consequences such as discouragement of innovation,
unnecessary bureaucracy, and expense.

The World Federation of Medical Education (WFME) has developed Global
Standards for Quality Improvement in Postgraduate Medical Education, which
should be considered when developing north-south collaborations in formal surgi-
cal training programs [49]. The document recommends that training programs have
a policy to address effective use of ICT and that trainer and trainees should be com-
petent to use ICT for self-learning. More rigorous methods of evaluating e-learning
are being developed and are necessary to guide the best use of scarce educational
resources especially in developing countries.
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The Future of E-Learning in Global Surgery

The Essentials

e E-learning initiatives can be a key part of global surgery partnerships.

e Surgeons in many LMICs are taking the lead in developing relevant
e-resources that global surgeons can participate in and learn from.

* Medical education is forecast to increasingly use social media, simulation,
and game-based learning, providing surgeons an opportunity for educa-
tional innovations with truly global dimensions.

The average number of faculty in African medical schools is only 10 % that of
American medical schools. E-learning has the potential to expand the capacity and
number of available faculty by involving surgeons from the global north as remote
faculty to medical schools in LMICs. In 2010, a new US-funded Medical Education
Partnership Initiative allocated $130 million dollars over 5 years to 13 African med-
ical schools for capacity building, retention, and regionally relevant research [50].
Support for e-learning initiatives was included in all project proposals, as was sup-
port for medical education research. The introduction of new e-learning modalities
and projects by global surgeons provides numerous research opportunities. The
European Commission has funded an initiative in Egypt, Ghana, Cameroon, and
Mali to further research and south-south networking in e-learning and collaborative
development of informatics tools [51].

Walsh [52] forecasts that e-learning in healthcare professional education will
continue to evolve to be more mobile and include more simulation, game-based
learning, and adaptability to individual learning needs. The costs of e-learning are
projected to decrease, and it will increasingly be used as part of blended medical
educational curricula. Social media such as Facebook and Instagram can be used as
ways to connect learners and teachers (remembering that their content is open to the
public). Twitter is quickly developing as an effective medium for continuing profes-
sional education. Choo et al. [53] identified some of the advantages of Twitter in
supporting a medical community of practice and barriers including information
overload and lack of fact-checking.

E-learning applications in global surgery have moved from an era of few con-
tent creators and limited Internet access to an era of partnerships, interactivity,
and innovative content. As surgical faculty, residents, and practitioners in LMICs
increasingly utilize information technologies, it will be important to consider the
need to make content relevant and engaging for learners. Evaluation of surgical
e-learning partnership initiatives will provide opportunities for bilateral mutual
learning and “reverse innovation” [54]. Globally minded surgeons will continue
to be on the cutting edge using innovation and new technology to teach their
craft.
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The Importance of Contextual Relevance 8
and Cultural Appropriateness in Global
Surgery

Janaka A. Lagoo and Sandhya A. Lagoo-Deenadayalan

Introduction

Academic programs in the USA have taken a strong interest in global health [1],
making it a fast-growing discipline. Medical disciplines have hitherto focused on
the doctor—patient dyad, but in global health, the core skills for practitioners are
based on understanding that the health of a single patient is enmeshed in a complex
system of individual behaviors, family and community relationships, environmental
surroundings, and economic limitations [2].

This chapter deals with the importance of contextual relevance and cultural
appropriateness in global surgery and addresses the key features of education that
can contribute to these domains. Contextual relevance for healthcare workers
requires an understanding of the healthcare system in the context of a community’s
social and political history. In brief, this can be further broken down into knowl-
edge of the community’s educational systems, current workforce, national health
policies, economic strengths and weaknesses, and medicolegal systems. Cultural
appropriateness is more complicated, because in addition to understanding what is
unique in the lifestyle and behaviors of diverse communities, culturally appropriate
practices are respectful of differences and emphasize the need to find common
ground in order to achieve common aims: to deliver good, efficient, and value-
added care.
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In order to better align the state of surgical education with the complex chal-
lenges of global surgery, the chapter has the following goals:

1. To explore traditional forms of cultural education and see how they need to be
adapted to ones that better incorporate the multifaceted realities of present-day
globalization

2. To discuss the need for continuous change in the way in which a surgeon edu-
cates himself and his team, so as to be always relevant in constantly changing
times
It is becoming clearer that contextual relevance and cultural awareness are

needed not only for healthcare delivery abroad but also domestically as immigrant

populations continue to grow in the USA. Additionally, given the layered and
dynamic nature of this training, it would be ideal that such educational initiatives be
offered to all surgeons in training, not to only those interested in global surgery, and

should start at the beginning of training and continue throughout their careers. Mid-

career surgeons will also benefit from training platforms that can facilitate participa-

tion in global surgery initiatives.

The Need for Contextual Relevance

Contextual relevance in global surgery encompasses three important tenets men-
tioned below:
* An understanding of the country or region where future work is planned
* Access to information regarding local laws, customs, and regulations
» Identification of a need with a potentially workable solution

Why do we need contextual relevance in surgical education? Although it seems
that this should be a foregone conclusion, there is still ambivalence about who
should lead the initiatives to educate surgeons and surgical trainees and who should
be responsible for implementation and continued monitoring of adherence to guide-
lines involving this competency. Briscoe et al. argue that the ultimate responsibility
to learn and practice cultural sensitivity lies with the individual. Leaders and institu-
tions need to establish educational modules that can facilitate and foster this learn-
ing and provide support when individuals seek help during difficult or adverse
events [3].

Understanding the Host Country

The first tenet includes an understanding of the existing healthcare system, the cur-
rent workforce, the strengths, and both immediate and long-term needs. It is impor-
tant to have an accurate account of the medical schools, schools of public health,
physicians, and specialty organizations in the area [4] and also the operative capaci-
ties of district hospitals [5]. Identification of partners on the ground and having a
good grasp over their standing within the different organizations is critical.
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Access to Information Regarding Local Laws, Customs,
and Regulations

Information about local laws is available through the host institution, international
offices, and embassies. Most of this material can be accessed online and helps to
inform surgeons about the need to obtain temporary medical licenses to practice. It
is also necessary to inform their own institution about their plans, so that they can
obtain malpractice insurance. Surgeons should verify that all members of the team,
including nurses, pay heed to these matters. Familiarizing oneself to local customs
and regulations can be done by discussions with team members who have previ-
ously visited the host institution or partners in the host country. Team members can
also be requested to keep a log of their activities, with an attention to details that
may help future visiting faculty.

Identification of a Need with a Potentially Workable Solution

Efforts at the front end help pave the way for choosing a rational intervention that
has a reasonable likelihood of success. True success is appreciated by both the entity
delivering the healthcare and the recipient. When there is a true need that is
addressed, the recipient and the family see the value of the intervention and are
more likely to support similar further interventions (Box 8.1).

Box 8.1. Identifying the Problem That Needs a Solution

Drs. Abhay and Rani Bang are physicians and public health advocates who
founded and run the Society for Education, Action, and Research in
Community Health (SEARCH) in Gadchiroli, India. Their primary focus is to
enlist the help and expertise of the community to identify crucial needs for
health intervention. Their efforts have led to major improvements in the neo-
natal mortality, maternal mortality and morbidity, and awareness of sickle cell
disease. The lack of access to essential surgical practices was identified as a
major community health need, with community members citing chronic pain
and lost work as key issues when dealing with such surgical issues as hernias
and/or urological problems. Thus, the SEARCH team decided to initiate the
development of “operative camps.” They recruited top surgeons from through-
out India who were willing to commit to routinely attend operative camps at
SEARCH on an at least an annual basis and bring additional nursing person-
nel. In addition to recruitment of excellent surgical talent, they concurrently
focused on building health capacity to ensure that there was thorough preop-
erative evaluation of all patients (utilizing the fully equipped laboratory at
SEARCH), up-to-date operative equipment and resources, and a strong inpa-
tient hospital system for highly responsive and effective postoperative care.
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The evaluation of these operative camps is currently underway, but prelimi-
nary results point to significant sustainability (given the longevity and growth
of the camps over the past decade). Additionally, the camps appear to be
addressing previously unmet surgical needs for numerous rural patients, while
also serving as a driving factor in ongoing health capacity building. Ultimately,
the project very much highlights one of the key tenets of Bang’s work: “Ask
the people and they will lead you.”

In Mongolia, the initial plan by Price and colleagues was to teach trauma.
However, their involvement with the local health systems and their attention to the
needs expressed by their hosts resulted in amazing improvements in the infrastruc-
ture of the hospital: improved electrical resources, improved sterilization proce-
dures, and the establishment of recovery rooms to monitor patients after surgery.
They were able to advance the cause of laparoscopic surgery and help establish a
collaborative effort to improve surgical care, offering through educational modules
a platform for local surgeons, nurses, and administrators to continue their efforts
[6], reinforcing the importance of attending to cultural context. In Uganda, a neuro-
surgery program highlighted the importance of health capacity building. Specifically
they focused on improved training and education to perform more complex cases
[7]. There are innumerable such accomplishments that have shown that thorough
knowledge of context is relevant and can maximize chances of success.

The Importance of Cultural Awareness and Diversity

Cultural awareness and diversity are words that are frequently used, and it is occa-
sionally difficult to understand how they translate into medical care and global sur-
gery. That is not surprising, given they are complex ideas and require considerable
maturity for implementation. It begs an individual to be:

e Willing to allow for personal change and growth

e Aware of similarities between different cultures

e Able to have empathy for human rights and justice

Willingness to Allow for Personal Change or Growth

Cultural competency is needed both within the USA and abroad. Within the USA,
this is needed based on the increasing cultural diversity that is encountered in our
patient population [8]. In 2001, Mary Duffey [9] presented the theory that cultural
education, based on traditional anthropology, was no longer sufficient to address the
growing globalization in healthcare. She suggested that newer transformative ways
of education were needed. The tenets of this transformative form of education
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required a willingness to be open to personal change and growth and to accept that
cultural education was not meant to be a tool to use to make one’s own culture of
healthcare delivery that of the culture of the recipient.

Awareness of Similarities Between Different Cultures

The goal of adding cultural diversity training to a curriculum should not be to
emphasize how different another culture is. Rather it should be to develop an under-
standing of another culture in a way that makes one aware of how many similarities
exist. Such an understanding is more likely to overcome obstacles and to resort to
open and continuous dialogue. One of the most important aspects of human nature
that crosses all borders and cultures is the capacity for human resourcefulness in
face of paucity of services or limited finances. The culture of “finding a way to make
it happen” is as deserving of respect in countries with limited resources as it is in the
developed world.

Empathy for Human Rights and Justice

Another important aspect of global surgery work is to understand that cultural
awareness is not limited to understanding the history of the people alone. In today’s
global environment, it is important to understand the current dynamic events that
shape peoples’ lives and impact their future [9].

There are some very significant barriers to achieving true cultural competency.
First, there is always the tendency to stereotype other cultures versus actually build-
ing a true understanding of the culture’s customs and norms. Secondly, and on a
greater scale, there is also the misunderstanding that it is only “knowledge of
another culture” that is required. Neither of these contentions is correct. The hope is
that knowledge of another culture can serve as a starting point to further understand
the complexities of that culture and will lead to the delivery of more informed and
empathetic care [10].

Curriculum Design Around Contextual Relevance and Cultural
Awareness

Designing educational platforms for surgeons interested in pursuing careers in
global surgery can be challenging. It is important to appreciate that these are adult
learners and the emphasis should be more on facilitation and conflict resolution.
Case studies and small group discussions should address the following:

e Culturally and linguistically appropriate services in health and healthcare

» Capacity for reflection and self-education

* Ability to tolerate ambiguity, complexity, and change
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Culturally and Linguistically Appropriate Services in Health
and Healthcare

It is useful to plan ahead of time for help with translation when providing ser-
vices in host countries. Inadequate translation capabilities can be a health hazard
for the population one wishes to help. Patient- and family-centered care should
be the goal at all times, and discussions regarding patient consent are not possi-
ble unless lines of communication are clear and transparent. If consents have to
be signed, it is important to have these translated from English into the language
of the host country and then translated back to English to check for accuracy.
This is required when getting IRB approval both at home and abroad. Fortunately,
the US Department of Health and Human Services has set up National Standards
for culturally and linguistically appropriate services in health and healthcare that
can be accessed at their site, www.thinkculturalhealth.hhs.gov/content/clas.
asp#clas_standards [11].

Capacity for Reflection and Self-Education

Freire’s critical pedagogy emphasizes student reflection before beginning an
academic or field experience in an effort to unmask and critique the assump-
tions, privilege, and power dynamics that enable student participation in such
an experience [12]. On the other hand, transformative education [13] begins
with an initial student experience and then moves to reflection, discovery, anal-
ysis, generalization, and future action based on the previous experience. A
comprehensive style has been adopted more recently in teaching global health
ethics for graduate students. It focuses instead on metacognition and fostering
student ability to confront moral ambiguity in the context of ethical decision-
making [14].

Online resources for cultural competence training and interprofessional educa-
tion can be used to facilitate care both at home and abroad. By expanding a physi-
cian’s knowledge of the patients they are serving and the unique ways in which
their patient’s culture can shape their understanding of health and interaction with
the healthcare system, these online resources can lead to greater patient-centered
care. Specifically, there will be more emphasis on the following: patients’ goals of
care, their expectations from interventions, and their assessment of change in
quality of life. Such training has been shown to enhance education in each of the
American College of Graduate Medical Education (ACGME) core competencies,
with valuable training in cultural competence. Residents participating in plastic
surgery training programs have been able to appreciate the global burden of dis-
ease, an appreciation of global health issues and increased cultural sensitivity.
Cultural sensitivity is particularly relevant because these residents are eager to
apply what they have learned when they return home and take care of patients who
are recent immigrants and hail from underserved populations [15]. Plastic surgery
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residents interested in humanitarian mission work were appreciative of a properly
structured and proctored program that prepared them for global work with
Operation Smile. Preparation included a preparatory meeting that replicated the
typical Operation Smile workflow, and the mission was conducted under mentor-
ship of attending surgeons. This prepared the residents for participation in all
aspects of care, including screening, decision-making for appropriateness for sur-
gery, scheduling, operating, and providing postoperative care, all within the norms
of the host institution. For young surgeons venturing abroad, a preparatory meet-
ing of the type mentioned above will be valuable. Although they may not need
mentorship or proctorship, it is always beneficial for the first trip or mission
abroad to be in partnership with a senior colleague. Such a person can share expe-
riences and insights into the capacity in the host institution and make introduc-
tions that further the cause of current and future missions, resulting in long-term
collaborations and partnership (Table 8.1).

Several institutions have integrated global health into surgery residency [16].
Charles and colleagues [17] have identified key factors that must be addressed
before starting such a venture. They include home institution mission, resident
expectations, and host institution qualifications. Others have identified several con-
cepts that can help surgeons pursuing a master’s in public health learn cultural
awareness [18]. They include, but are not limited to, a willingness to identify one-
self as a cultural being; to identify multiple dimensions across which similarities
and differences occur within groups; to be willing to tolerate ambiguity, complexity,
and change; and to understand critical consciousness and social action. Additionally,
global health ethics focuses on establishing competencies for overseas short-term
training [19].

Table 8.1 Online resources for cultural competence training and interprofessional education [11]

Think Cultural Health US www.thinkculturalhealth.org
Department of Health and
Human Services and Office of
Minority Health Flagship
Initiative

Think Cultural Health: https://oralhealth.thinkculturalhealth.hhs.gov/
Cultural Competency Program
for Oral Health Professionals

National Center for Cultural nccc.georgetown.edu
Competence
National Interprofessional www.niioh.org

Initiative on Oral Health

Smiles for Life: A National www.smilesforlife.org
Oral Health Curriculum

Interprofessional Education https://ipecollaborative.org/
Collaborative

Reprinted from Cadoret and Garcia [11], with permission from Elsevier
Cadoret and Garcia [11] (permission to use pending)
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Ability to Tolerate Ambiguity, Complexity, and Change

Even with a well-defined idea of what cultural awareness or cultural competency is,
Kumagai et al. [20] point out very convincingly that these qualities are not enough.
Having the knowledge, the skills, and the attitudes that one develops after training
toward cultural awareness is only a means toward the goal. That knowledge of cul-
tural awareness needs to be fortified with a critical consciousness of oneself, others,
and the world and with commitment to addressing issues of social justice and rele-
vance in healthcare. Discussions in several small groups and dialogues regarding
topics addressing human and societal needs, medical ethics, and the physician—
patient relationship are encouraged. These small groups are maintained over long-
term periods to offer comfort and familiarity. Faculty members are expected to be
facilitators, encouraging the use of stories to present questions that stimulate discus-
sion and to keep discussions as current and relevant as possible. In such endeavors,
there is no need to attempt to make a trainee adept at work within a particular host
country or cultural environment; rather, it is important to prepare them to adapt their
self-education to whatever needs may arise either at home or in a host institution. In
the USA, it is customary to discuss disease processes with adult patient and to get
them to sign their own consent for procedures. In many parts of the world, it is not
unusual that women look to their husbands to help them make their decisions. It is
important to encourage women to participate fully in their own medical affairs, and
yet, this message can be conveyed gently, without hurting the sensibilities of those
involved. The willingness to be able to change one’s own approach without compro-
mising on one’s philosophy is critical in matters of foreign affairs, and the medical
field is no exception. Persistence and diligence usually result in change and prog-
ress; we have to remember that it also takes time.

Preparing for Cross-Cultural Living and Working

When preparing to travel abroad, it is beneficial to familiarize oneself with various
factors in the host country such as:

* Respect for social norms and religious beliefs

e Communication with stakeholders and local leadership

e Advantages of providing continuity of involvement

Respect for Social Norms and Religious Beliefs

Awareness of social norms is critical no matter where one travels. Within countries,
these norms may differ in urban and rural areas and also among different socioeco-
nomic groups. So, what are some practical ways that one can both become accus-
tomed to such norms but then also act in such a way that these social and religious
norms are supported while also providing quality surgical care?
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Nothing brings as much a happiness in any community as the birth of a child.
Whether it is a natural delivery or a birth by C-section, people’s lives change forever. It
is also a time where traditional norms are given great importance and should be treated
with respect. In addition to the celebrations and festivities that surround a child’s birth,
it also is a time of reflection and an opportunity for cross generational discussion about
health — the child’s, the mother’s, and the family as a whole. An understanding of
regional customs helps establish trust and a willingness to accept advice that could
improve maternal and child health. Why do surgeons need to be aware of these issues —
because C-sections are one of the common procedures performed worldwide. More
importantly, any surgeon who wishes to practice in resource poor settings needs to be
adept at this procedure — there is no saying when one may be the only physician avail-
able to be called upon to perform a Cesarean section (Box 8.2).

Box 8.2. Establishing Trust by Understanding Regional Customs

An obstetrical anesthesiologist with significant global health experience
shared the following experience: During a C-section, after the birth of the
baby, she usually makes small talk with the parents and always asks what they
are planning to name the baby. On her first trip to Ghana, she did just that and
got a very strange look from the mother; in Ghana babies are not given a name
until 2 weeks after birth once it seems clear that they will live; at this point the
mother has a big celebration; they dress themselves in white and parade
around town with the baby to announce that they have arrived and all are alive
and well! This is not an unusual custom in parts of the world with high neo-
natal mortality rates — and has been honored in order to alleviate to some
extent the emotional devastation that follows the loss of a child.

Let us consider examples of certain cultural norms and how they have intersected
with healthcare delivery. Following the devastating Indian earthquake, for example,
there was a global outpouring of support in the way of donations. Beyond monetary
donations, many clinics were inundated with donations of clothes. However, it quickly
became apparent that these clothes did not meet the local norms for dress (whether in
regard to cultural appropriateness or ease of use given the weather, daily work require-
ments, etc.). Therefore, donated clothing was often used as fuel for fires instead of
garments for wear. Though the intent was a good one, this example provides a key
lesson on how important it is to fully assess a community’s needs prior to sending and/
or bringing supplies. Often monetary donations when sent through the proper channels
and when accountability and transparency are prioritized can give local health agencies
the autonomy to truly meet community health needs in the most appropriate manner.

Additionally, cultural practices can directly affect the way that local communi-
ties respond to the delivery of healthcare. For example, in Mongolia, there is a pre-
vailing cultural belief that Tuesdays are associated with bad luck. Therefore, people
might be less likely to want to schedule clinic appointments or operations on this
day, and it is an important consideration for visiting healthcare providers to
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recognize. These examples highlight the importance of cultural (social and reli-
gious) sensitivity when providing healthcare globally. However, there is no perfect
road map for gleaning this understanding. In addition to using published literature,
talking to past volunteers and engaging with the local hospital or facility you will be
working in prior to your travels is ideal. In addition to knowledge generation, hav-
ing an attitude of openness and acceptance of the important role of cultural under-
standing is paramount.

Establishing Robust Communication

Preparing to live and work abroad is filled with exciting challenges and opportuni-
ties. Specifically, in this era of enhanced communication technologies, it is critical
to use these technologies to our advantage while trying to establish cultural compe-
tency. There is a lot to be learned from readings of the country’s social and political
history. However, in today’s constantly changing world, one cannot discount the
advantages of real-time information. Innovative ways have included cross-cultural
online education that used written and task-oriented discussions on key topics such
as professionalism, community health, and leadership [21]. Faculty at the Foundation
for Advancement of International Medical Education and Research (FAIMER), an
international fellowship program for mid-career interdisciplinary health faculty,
found that participation in such educational initiatives was more likely to result in
establishing a network to support one another in achieving similar common goals.
Social awareness can be enhanced by encouraging community participation in
all endeavors. Feedback is important, and every effort should be made to elicit it
from members of the host institution by direct communication, paper or electronic
surveys, and telephone contact. This makes it possible to compare activities and
interventions, with intentions identified at the start of a program, and to ascertain
that such interventions address a community’s need [22]. Successful management
of an acute problem results in sustainability for the program due to community and
occasionally government support. Additionally it allows the providers to delve into
the etiology of various disease processes, thereby making it possible to entertain
ideas that could help with prevention and timely intervention. This awareness then
should be put into action, even if it means that implementation pathways need to
be modified. An example of this is the way in which modification of a best practice
pathway was adapted in response to participant feedback. Participants included the
care providers and community members [23]. In essence, the ultimate goal of
global surgery is to ensure worldwide access to safe surgical care while simultane-
ously supporting systems that lead to the long-term sustainability of this care.

Continuity of Involvement in Host Countries

International surgical missions have been incorporated into surgical residency
training in several institutions. In addition to enriching the surgical education,
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these also provide opportunities to enhance cultural awareness and establish aca-
demic partnerships [24] over long periods of time. A survey of residents who
participated in such programs was conducted. It showed that residents valued the
opportunities when such initiatives were supervised and well planned and
addressed their social and medical needs, security, and well-being [25]. This can
be assured when the residents are given adequate information about the host
country prior to participating, with details regarding the medical needs, socio-
economic structure, and barriers to specialty care. This also allows a platform for
surgeons to stay involved in global partnerships long after they have completed
formal residency training.

Contextual Relevance and Lessons to Bring Back Home

Considerable thought has been put into how to improve the access and quality of
essential surgical services to resource-constrained communities. Resource-rich
communities have the opportunity to bring manpower, skill, and technology to
underserved areas, but in order to build long-term sustainability, health capacity
building must occur at the community level. The lessons learned from resource-
constrained communities must be transported back to ensure the most effective use
of resources.

The relevance of what one has to offer is important in global surgery. In 2001,
Blanchard et al. [26] discussed the fact that C-sections, appendectomy, and prostate
surgery were three named procedures, access to which differed markedly in differ-
ent parts of the world. Today, one still hears reports that C-section rates need to be
at least 19 % to be able to provide this surgery for women in need and to be able to
reduce maternal and fetal mortality [27]. Creating an infrastructure in countries in
need, where such care can be offered is an example of how the context can deter-
mine future measures. Such infrastructure includes a stable supply of electricity,
communication, access to basic laboratory needs and medicines, and plans for
sustainability.

Surgical care in the USA has now been burdened by the need to reduce costs
and to make this care accessible to populations that do not have access to surgical
care due to economic constraints. Several countries that have faced this problem
have become resourceful by developing solutions that make such care possible.
Learning from such institutions can help identify solutions that may be relevant
in the HIC setting (refer to Frugal Innovation chapter Reverse Innovation sec-
tion). Examples include training of surgical technicians who can provide care
under supervision and offer a workforce that can be deployed to underserved
areas [26]. The Aravind Eye Care system is an amazing success story that used
sustainable service delivery models to address community needs. Innovative
private-sector solutions offer efficient care to impoverished populations. Studying
such an organization can educate us on how to overcome barriers to delivering
care in low-resource settings in several countries and across other surgical disci-
plines [28].
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Case Study: Safety in Surgery and Application of Contextual
Understanding in Diverse Operating Rooms

Safety is an important issue in surgery, and it is necessary to understand the cul-
ture of safety in the country and institution of interest. The WHO Patient Safety
Research Training and Education Expert Working Group of WHO Patient Safety
designed a framework of competencies for patient safety [29] that included com-
petency in patient safety, research methods, and knowledge translation. The host
institution’s position on these issues is critical, so that one can plan to work within
the existing framework and plan to collaborate with the host institution for imple-
mentation of additional initiatives. Hull et al. [30] have presented a detailed
account of a training program in 2011 in Bogota, Columbia, for clinical and non-
clinical researchers to conduct patient safety research. Issues addressed were
operating room teamwork, the operating room environment, and the culture of
safety. Discussions about the value of these training programs and inclusion of
local surgeons as instructors or mediators in the program may help improve
participation.

Ibrahim and colleagues detailed a very elegant framework to achieve these
training programs, stressing that such initiatives should occur longitudinally
over a span of several years, should encompass cultural and institutional factors,
and should try to evaluate the impact at a community and national level [31]
(Box 8.3).

Box 8.3. Need for Workforce Training in Host Countries Prior to Surgical
Missions

A plastic surgeon with extensive global health experience was made acutely
aware of the need for such a strong medical and surgical workforce following
his experience in Nigeria. He now believes that complex, staged plastic sur-
gery procedures in developing countries should be considered with caution.
So-called “prefabrication” or “pre-lamination” of flaps may be indicated;
however, this may be difficult to accomplish due to the time constraints during
a plastic surgery service trip. He participated in two missions in Nigeria, spe-
cifically managing facial defects caused by Noma infection. His team planned
and executed several flap prefabrication procedures at the beginning of the
mission. Unfortunately the hospital staff went on strike during the second
week of their endeavor, and they were unable to complete the actual recon-
structions. Having consistent discussions with the healthcare workforce that
you will be working with during a surgical service trip and ensuring that there
is shared understanding regarding expectations, resources, roles and responsi-
bilities, and management of emergency situations would at least partly ame-
liorate this problem.
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The pattern of implementation of safety checklists to decrease morbidity and
mortality differ in various countries. This can be affected by the attitudes toward
public acceptance of errors and the consequences of such transparency. Both need
to be taken into account when attempting to standardize the use of checklists. The
success of checklist implementation has been maximized when communication,
training of frontline personnel, and creation of a culture of change are in effect
[32, 33].

In the global health setting, the notion of leapfrog technologies or innovations
is often heralded. For example, while many rural parts of low-income countries
lacked landlines for phone communication, the introduction of cell phones was a
game changer that suddenly resulted in vastly improved connectivity [34]. Cell
phones opened the door for a huge array of mobile health applications and can be
readily integrated into global surgery endeavors with examples ranging from
sending surgical appointment reminders to providing home-based instructions on
postoperative wound care. There are numerous lessons to be learned from prac-
ticing surgery in underserved communities, and there is also a great potential to
think about innovative ways to disrupt old systems and establish novel
solutions.

Conclusions

Global surgery continues to evolve. More and more medical students, residents,
and staff (both in academic and community settings) are being drawn to serve in
underserved populations both domestically and abroad. This movement is driven
by numerous motivations: growing awareness regarding the gaps in access to
quality surgical care, the quest to contribute to improving health inequities, and
the desire to learn and expand one’s own scope of practice and skill set. In light
of the diverse set of backgrounds and motivations represented by those who work
in global surgery or aspire to, it is crucial that students and physicians alike are
prepared for the unique challenges they may face, and the focus is on truly opti-
mizing their experience and impact.

In this chapter, we sought to expound upon the importance of contextual rel-
evance and cultural appropriateness in global surgery and address the vital edu-
cational factors that can enrich these domains.

As global health issues become more diverse and complex, the borders
between countries become more porous, the need for access to safe surgical care
grows, and the importance of contextual relevance and cultural awareness
becomes more acute. Understanding these concepts will help in the development
of truly innovative, sustainable, and effective ways to improve the quality and
access to excellent surgical care across the globe.

Acknowledgement Box examples graciously provided by Drs. Abhay and Rani Bang, Dr. Holly
Muir and Dr. Detlev Erdmann.
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Practical Checklists

John L. Tarpley and Margaret J. Tarpley

Introduction

Short-term surgical volunteer trips require careful planning for experiences that
prove of most benefit to the host institutions as well as for personal fulfillment of the
surgeon participants [1]. Scheduling a mutually convenient visit with the host institu-
tion opens the process. Initial communications should include inquiries concerning:
* Most likely work opportunities (e.g., operations, clinic, and classroom) while
keeping in mind that these could change before arrival or during visit
* The level of safe anesthesia and airway management capability [1]
* Accommodation arrangements including availability of prepared food or neces-
sity of self-catering
e Climate and weather for guides to clothing and gear, including culturally accept-
able items
Next comes investigation of requirements for visas, medical licensure, malprac-
tice insurance, and recommended vaccinations. Travel arrangements involve air
tickets, visa procurement (if needed), travel clinic visit, and emergency evacuation
insurance. Equally vital is identifying the appropriate contact person from the host
institution with whom one communicates the travel itinerary and verifies arrange-
ments for airport pickup, ground transportation, and accommodation. Keeping host
contact phone numbers and addresses with travel documents facilitates communica-
tion in the event of delays or other issues.
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Daily recording the cases performed, patients seen in clinic, lectures given, pho-
tos taken, and other activities, in a diary or log book is highly recommended. This
journal can be a paper notebook, laptop, tablet, or smart phone. Increasingly, short-
term physicians are requested (even required) to provide metrics to their institutions
and sponsoring bodies to validate the experience. Consider adding comments about
experiences, sights, interactions, even smells, that is, nonclinical sensations, obser-
vations, and events. What meals did you enjoy or not; were there interactions with
your hosts outside the hospital, etc.? The cross-cultural experiences are often more
valuable than the medical ones; journaling enables you to put down reflections
acutely and helps jog your memory later on.

Required Documents Checklist

Whether or not a visa is needed, many countries and custom officials require that a
passport be good for more than 6 months after the planned exit from the country and
the passport must contain several blank passport pages (not the blank end sheet)
available for stamps or visa certificates. American citizens anticipating travel outside
the USA can start investigating visa requirements on the government website
“U.S. Passports & International Travel” (Table 9.1). Visas almost always have a fee
and can be obtained directly from an embassy or consulate in person, by mail, some-
times online, or with the aid of a visa service. Even if someone has visited a country
in the past without obtaining a visa, that country’s policy should still be researched
as visa rules can literally change overnight. Some countries permit visas to be pur-
chased in the airport on arrival, but many visas must be obtained before travel.

As soon as the destination is known, one must check with local hosts about medical
licensure requirements if operations and medical practice are planned because—if

Table 9.1 Useful websites

American College of Resource to find volunteer http://www.operationgivingback.
Surgeon’s Operation Giving | opportunities best suited to facs.org/
Back different expertise, interests,

and level of experience
CDC Travelers” Health Information on country-specific| http://wwwnc.cdc.gov/travel/
Information health issues including required | destinations/list

vaccinations
Global Health Free educational resources http://global-help.org/

Global Paediatric Surgery Volunteer opportunities for http://globalpaediatricsurgery.org/
Network (GPSN) pediatric surgery

Global Partners in Anesthesia| Projects, partnerships, and http://www.globalsurgery.org/
and Surgery (GPAS) resources

Health Volunteers Overseas | Volunteer opportunities https://hvousa.org/

(HVO)

International Red Cross Free educational resources www.ifrc.org



http://www.operationgivingback.facs.org/
http://www.operationgivingback.facs.org/
http://wwwnc.cdc.gov/travel/destinations/list
http://wwwnc.cdc.gov/travel/destinations/list
http://global-help.org/
http://globalpaediatricsurgery.org/
http://www.globalsurgery.org/
https://hvousa.org
http://www.ifrc.org
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Table 9.1 (continued)

Médecins Sans Fronticres
(MSF)—Doctors without
Borders

Volunteer opportunities—
minimum 6 weeks for
surgeons

http://www.msf.org/

Pan-African Academy of
Christian Surgeons (PAACS)

Volunteer opportunities with
surgery training programs

http://www.paacs.net/

Pulse oximeters

Pocket-size portable models
$20-$40

Available online from a variety of
sellers

Pulse oximeters: Lifebox
Foundation

$250/ unit, including
worldwide delivery

http://www lifebox.org/
safe-surgery

TALC

Teaching Aids at Low Cost

http://www.talcuk.org/

U.S. Passports &
International Travel

Passport and visa requirements

http://travel.state.gov/content/
travel/en.html

Vanderbilt Travel Clinic

Information about
immunizations and health
travel kits

http://www.vanderbilthealth.com/
travelclinic/

World Health Organization
(WHO)

Information on health issues
across the globe; produces the
International Certificate of
Vaccination or Prophylaxis

http://www.who.int/en/

needed—the application process may be time-consuming. Purely educational efforts
such as teaching, providing CME, or skills sessions would likely be exempt. Whether
or not medical malpractice insurance is required or recommended can be ascertained
from the host or from legal advisors in the traveler’s home institution.

Copies of the passport pages and visa carried separately from the originals
(including secure digital cloud-based copies as well as paper) are useful in the event
documents are lost or stolen and must be replaced at an embassy or consulate.
Consider a body pouch or other secure holder for passport and cash. Immigration
officials have authority to inspect a traveler’s health card, known officially as the
International Certificate of Vaccination or Prophylaxis, for required immuniza-
tions. See Checklist 9.1.

Checklist 9.1 Required Document’s Checklist

* Passport with multiple empty pages and valid beyond 6 months after return.

e Travel itinerary—Even with electronic ticketing, a copy of the electronic
ticket is mandatory for each traveler in case computer systems fail or if
travel interruptions occur

» Evacuation insurance

e Visa—if required

e International Certificate of Vaccination or Prophylaxis

e Medical license, local—if required

* Malpractice insurance—if required or recommended


http://www.msf.org/
http://www.paacs.net/
http://www.lifebox.org/safe-surgery
http://www.lifebox.org/safe-surgery
http://www.talcuk.org/
http://travel.state.gov/content/travel/en.html
http://travel.state.gov/content/travel/en.html
http://www.vanderbilthealth.com/travelclinic/
http://www.vanderbilthealth.com/travelclinic/
http://www.who.int/en/
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Health and Safety Checklist

Many institutions house a travelers’ clinic providing advice and services concerning
recommended health measures, preventive and prophylactic. The CDC Travelers’
Health Information site offers facts and advice on country-specific health issues
including vaccinations required for entry into each country (Table 9.1). Vaccinations
and other preventative measures should be documented by the provider in the
International Certificate of Vaccination or Prophylaxis issued by the World Health
Organization (WHO) that may be obtained from the travelers’ clinic or other health-
care providers. If malaria is endemic, prophylaxis—if recommended—should be
adhered to. Also one should limit skin exposure, especially outside nocturnally, with
long pants, socks, etc., and use mosquito netting at night, if available. Sunscreen and
hats reduce exposure to potentially harmful sunlight, especially if using doxycycline
for malaria prophylaxis. Health measures should begin well ahead of the travel date
because some treatments such as rabies vaccinations are done in series and yellow
fever vaccine often requires advance scheduling due to short shelf life of the open
multidose vial. The Vanderbilt Travel Clinic site warns “Immunizations require at
least 14 days before travel to be effective.” This site also includes suggested items for
a health travel kit [2]. Travelers should check with their own medical insurance com-
pany to learn about any coverage for health issues that occur outside the USA. Persons
who think they might need medication for gastrointestinal problems, sleeping diffi-
culties, or other issues should seek advice from their personal physicians.
Emergency evacuation coverage is imperative. Even relatively routine issues such
as appendicitis or a fracture could become life-threatening in remote or poorly
equipped situations. In most low- and middle-income countries (LMIC), the greatest
danger to health is road travel, especially at night due to poor road conditions and lack
of lighting, which means that objects in or near the road are invisible until struck. One
should limit travel at night by vehicles and avoid riding on or operating a motorcycle
any time. When in remote areas where evacuation could be slow and difficult, avoid
excessive physical exertion or extreme sports which could lead to injury or illness.
Ask if water is safe for consumption. Water can be purified several ways: by boil-
ing, by special filtering systems, or with chemicals. Fresh fruits and vegetables can be
made safe to eat by soaking them in water to which a small amount of household
bleach has been added (about a capful of bleach per quart of water). See Checklist 9.2.

Checklist 9.2 Health and Safety Checklist

e Vaccinations required/recommended

e Medical insurance coverage

* Emergency evacuation insurance

* Protection for sun exposure

* Road safety strategies

e Water and food

e Contact information—Phone numbers for hosts, transportation, and
accommodations
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Budget Checklist

Air tickets can be purchased through a travel agency or online from airlines or dis-
count sites, and all these options should be investigated to ascertain the optimal
price and schedule. Prices change constantly; therefore, when searching for bar-
gains, it pays to access the various companies a number of times to get a feel for cost
and availability. When traveling to places in the world with few flights each week or
remote, less visited areas, dealing with a travel agency might be wise as the traveler
then has a contact person if any plans go awry. Travel agencies may also offer visa
information although visa services can be found online. Economy air ticket price
estimates in 2016 range from $1,000 to $2,500 round-trip for many international
destinations, but ticket prices fluctuate widely depending on country or city of depar-
ture as well as destination. Most volunteers pay most or all of their travel expenses.
For long-haul flights, paying the surcharge for an economy seat with added leg room
may be cost-effective. If a host institution is subsidizing expenses, the surgeon should
be mindful of financial challenges faced by the host and consider choosing the most
economical travel arrangements rather than business class. Arrange for sufficient
layover time if plane changes are needed and be aware of time zone differences when
in airports in order to reach the departure gates in time to board.

Visas, if required, average $50 and $100 and the visa service can add another
$100 more or less. Travel clinic visits and recommended vaccinations and other
preventive measures can run as much as $200-500 or more. Medical licensure costs
vary but could be several hundred dollars. Emergency evacuation insurance is abso-
lutely essential, and basic coverage runs about $5-10/day or more depending on
company and benefits. Coverage can be purchased for individual trips, and there are
also policies that may cover multiple trips over a specified period of time. Some
institutions offer emergency evacuation coverage to employees on business and may
require the employee to register the trip before embarking. Malpractice rates should
be researched.

On-ground expenses include airport pickups, transportation, accommodation,
and food. Estimating costs across the globe is purely speculation, but using a US
price for a service would offer a reasonable guess. If possible, make arrangements
through the hosts or the hotel to be met at the airport and inquire about costs. This
provides peace of mind as well as added safety. Some institutions offer housing for
a low rate, while other situations require using hotels and guest houses priced as
much as $100/day or more.

Food options, prices, and availability vary widely throughout the world, and the
visitor should inquire about the alternatives when planning the trip. Estimating costs
across the globe is difficult, but food prices in many places would be similar to
American prices with locally produced and fresh items often less expensive.
Sometimes visitors live in guest houses that offer reasonably priced meals. If accom-
modations include access to an equipped kitchen, preparing simple meals can
reduce expenses and even save time over restaurant visits. In addition to groceries,
supermarkets in larger communities frequently offer ready-to-eat items more
cheaply and quicker than restaurant dining. Transporting granola bars, peanut
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butter, snacks, canned products such as tuna, or other nonperishables provides
backup food in the event the location has limited grocery options, work schedules
do not allow for meals, or the traveler prefers familiar items. Visitors are encour-
aged to sample local dishes for a more complete cultural experience as well as
reducing outlay. Supermarkets may also offer household goods, small electronics,
and other useful items.

While many US phones have global capabilities, global roaming plans can be
much more expensive than service through a local company. The following example
reflects costs in Kenya: an unlocked US phone (one allowing use of local SIM card)
or locally available phone (basic model $20-30) and a locally available computer
modem or hot spot with SIM card ($20-40) with local phone services for interna-
tional calls and data plans costing about $10-30/week depending on usage. To con-
serve data fees, all unnecessary apps should be disabled.

Most major credit cards have global coverage, but travelers are advised to check
if their card is accepted in the country of destination. Travelers also need to notify
their company when cards are to be used outside the US, both for coverage informa-
tion and to forestall denials. Contact information to report lost or stolen credit cards
should be in an accessible paper or digital location. Some cash in the form of new
(dated less than 10 years old) US 100 dollar bills is highly recommended for those
occasions when credit cards or traveler’s checks are not accepted as well as for
emergencies. Vital documents and cash can be carried in body pouches for added
safety.

In resource-challenged environments, supplies and equipment may require sup-
plementation if the visiting surgeon’s time and expertise are maximized. Seeking
donated materials reduces costs, but items essential to a specialty should be included
in the estimated budget so that the surgeon can function optimally under the circum-
stances (see Medical Supplies and Equipment Checklist). The patient population
frequently includes persons with very limited abilities to pay for surgical care. The
short-term surgeon may be faced with the question concerning whether or not to
subsidize costs for patients who will otherwise be unable to undergo a procedure.
The visitor is advised to discuss this question with the host surgeons and decide
whether or not to include this possible expense in the trip budget. Any direct requests
from patients or families to pay for procedures or other expenses involved in surgi-
cal care should be referred to the host.

Recreational excursions as well as souvenirs can add substantially to trip costs.
Global surgical trips provide opportunities to visit exciting and exotic environments,
but tourism should neither interfere with the primary purpose of the surgical experi-
ence nor become a burden added to the duties of the host physicians. See Checklist
9.3. Plan any stopovers on the return leg of your trip to avoid added baggage fees
due to weight allowance variability as well as added risk of customs queries about
medical supplies and equipment.
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Checklist 9.3 Budget Checklist

e Air ticket

e Visa

* Vaccinations and prophylaxis

* Emergency evacuation insurance

e Medical licensure

* Malpractice coverage

* On-ground transportation

e Accommodation/hotel

* Food

e Communication (phone and data usage)
* Supplies and equipment, if needed
* Surgical procedures subsidy

* Recreation/souvenirs

Personal Gear and Carry-On Checklist

Essential personal medications must be transported in your carry-on luggage (never
in checked bags which can be delayed or even lost) with a sufficient supply for your
entire stay if at all possible. Never assume your medication or other personal needs
can be obtained abroad—you can ask your hosts about availability but “no condition
is permanent.”

Every professional owns a phone and computer or tablet, which, fortunately for
the international traveler, are compatible with electrical systems across the globe,
needing only a plug adapter that can be found online, in stores catering to travelers,
or even purchased after arrival. A locally compatible multi-outlet power stick is
highly recommended in case accommodations have too few outlets for charging all
electronics simultaneously. A computer modem or hot spot as well as a phone that
can use local SIM cards are both recommended for the frequent traveler and can be
obtained locally as noted above.

Investigate the climate—some areas in Africa, South America, Asia, and
Europe are very cool, even cold, especially at night; lightweight long underwear
might be appropriate as well as jackets, hats, and even gloves. For example, most
of South Africa is not tropical. If you cross the equator, seasons reverse. A light-
weight waterproof jacket and folding umbrella are advised if rains are expected.
Carry-on luggage should include 2-3 days of basic clothing in case bags get
delayed or lost.
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Sensible, sturdy footwear is a must, especially when in rural or remote areas
without sidewalks or smooth roads and paths. Along with scrubs, closed OR shoes
such as clogs are recommended. A flashlight or even a headlight is needed for walk-
ing at night or when electricity goes out.

Many places have cultural norms that dictate proper attire for each gender—ask
your host about appropriate clothing choices. A separate chapter deals with cultural
issues. See Checklist 9.4.

Checklist 9.4 Personal Gear Checklist
Medications and other personal necessities
* Electronics
* Clothing
e Flashlight
e Personal carry-on checklist
— Travel itinerary (paper copy of ticket) with phone numbers and addresses
of contacts in host country
— Passport
— Visa
— International Certificate of Vaccination or Prophylaxis
— Letter concerning donated medical supplies
— Medications
— Personal essentials (may differ by gender)
— Computer, phone, camera
— 2-3 days of basic clothing
— US dollars in cash for emergencies

Medical Supplies and Equipment Checklists

Check to see if there is an organization in your town that collects supplies and
equipment for humanitarian purposes that might donate items for your use on the
trip. Ask your hospital OR staff to save sutures, gloves, etc., [3] that would other-
wise be headed to the landfill when hospital policies deem them unusable. The
website of the American College of Surgeon’s Operation Giving Back lists organi-
zations that donate medical materials [4] as well as links to the WHO guidelines on
donated materials [5]. Volunteers should avoid transporting expired drugs or medi-
cal supplies [6] for a number of reasons including safety (some expired drugs
degrade into unsafe or toxic products and sutures can degrade as well). Carry a letter
on letterhead from someone in authority at the home institution or humanitarian
organization stating that the medical supplies and equipment in accompanying bag-
gage are donations and not for resale; produce the letter only if customs officials
question the luggage contents. Once working in the institution, appreciate what is
there and avoid criticism when certain items are not available. See Checklist 9.5.
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Checklist 9.5 Medical Supplies, Equipment, and Educational Resources
e Personal Use
— Loupes
— Portable headlight
— Portable pulse oximeter for personal use (inexpensive models available
online)
— Caps
— Masks
— Gloves
— Scrubs
e Procedures
— Specific instruments required for your specialty procedures
Scissors
— Pickups
Special suture
Pulse oximeter for OR/wards (see Table 9.2)

Table 9.2 Suggested free and/or inexpensive educational resources

Ameh EA, Bickler SW, Lakhoo K, Nwomeh BC, Poenaru D. Paediatric Surgery:

A Comprehensive Text for Africa. Vol. 1 Seattle: Global HELP Organization; 2010.
http://www.global-help.org/publications/books/help_pedsurgeryafricavolume01.pdf
(Free download)

Cotton M, et al., editors. Primary Surgery Volume One: Non-Trauma (Second Edition).
Seattle: Global Help, 2016. http://global-help.org/products/primary-surgery/#download
(Free download)

Gionnou M, Baldan M. War Surgery: Working with Limited Resources in Armed
Conflict and Other Simulations of Violence, Volume 1. Geneva: International
Committee Red Cross, 2010 https://www.icrc.org/eng/assets/files/other/icrc_002_0973.
pdf (Free download)

Gionnou M, Baldan M, Molde A. War Surgery: Working with Limited Resources in
Armed Conflict and Other Simulations of Violence, Volume 2. Geneva: International
Committee Red Cross, 2013 https://www.icrc.org/eng/assets/files/publications/
icrc-002-4105.pdf (Free download)

King M, et al., Primary Anesthesia. Oxford: Oxford University Press. 1986

King M, Bewes P, Cairns J, Thornton J, et al. Primary Surgery Volume One: Non-Trauma.
Oxford: Oxford University Press, 1990 (See above Cotton, 2nd edition as free download)

King M, Bewes P, et al. Primary Surgery Volume Two: Trauma. Oxford: Oxford
University Press; 1987

Meara J, McClain CD, Rogers SO, Mooney DP, editors. Global Surgery and Anesthesia
Handbook: Providing Care in Resource-Limited Settings. (See especially Chap. 4
“Preparing for a trip: OR management” and Appendix “Safety, security, and survival
considerations for health care providers in remote, hostile, and disaster areas”). Boca
Raton: CRC Press; 2014. Available as a single volume paperback or an e-edition
Principles of Reconstructive Surgery in Africa. Carter, Jr. LL, Editor. Bristol, TN:
Pan-African Academy of Christian Surgeons; 2013 http://paacs.net/wp-content/
uploads/2012/09/PAACS-Principles-of-Reconstructive-Surgery-in-Africa-v.2-072413.
pdf: Principles of Reconstructive Surgery in Africa. Carter, Jr. LL, Nthumba, P.,
Editors; 2016 Revised Edition http://www.paacs.net/wp-content/uploads/2012/09/
PAACS-Reconstructive-Surgery-Text-v.-2-072516.pdf (Free download)


http://www.global-help.org/publications/books/help_pedsurgeryafricavolume01.pdf
http://global-help.org/products/primary-surgery/#download
https://www.icrc.org/eng/assets/files/other/icrc_002_0973.pdf
https://www.icrc.org/eng/assets/files/other/icrc_002_0973.pdf
https://www.icrc.org/eng/assets/files/publications/icrc-002-4105.pdf
https://www.icrc.org/eng/assets/files/publications/icrc-002-4105.pdf
http://paacs.net/wp-content/uploads/2012/09/PAACS-Principles-of-Reconstructive-Surgery-in-Africa-v.2-072413.pdf
http://paacs.net/wp-content/uploads/2012/09/PAACS-Principles-of-Reconstructive-Surgery-in-Africa-v.2-072413.pdf
http://paacs.net/wp-content/uploads/2012/09/PAACS-Principles-of-Reconstructive-Surgery-in-Africa-v.2-072413.pdf
http://paacs.net/wp-content/uploads/2012/09/PAACS-Principles-of-Reconstructive-Surgery-in-Africa-v.2-072413.pdf
http://paacs.net/wp-content/uploads/2012/09/PAACS-Principles-of-Reconstructive-Surgery-in-Africa-v.2-072413.pdf
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Self-Protection

1. Adopt “standard infection control practices,” the update to “universal precau-
tions” which evolved in the 1980s [7]:

e Hand hygiene: the single most important aspect of standard precautions.
Where water is scarce, consider using disposable plastic “bread” or freezer
bags on your hands to remove dressings, examine wounds, etc. to provide a
barrier from possible contamination.

* Personal protective equipment (PPE): gloves, gowns, mask/eye protection—
seek to always double glove for operative procedures—consider it an “equity
investment.” Gloves can be washed, assessed for leaks, be re-sterilized, and
then reused, especially for the inner pair. Eye protection with face shields or
goggles is mandatory to thwart splashes even if there is high temperature and
humidity with consequent fogging.

* Soiled patient-care equipment: gowns in many LMIC countries are permeable
by fluids. Though hot, consider wearing a rubber or impenetrable apron under
your scrub gown as a barrier, especially for trauma cases, C-sections, and any
case with a projected significant blood loss.

— Environmental control such as bleach cleansing of surfaces

— Careful handling of soiled/contaminated linens and instruments for protection
of all workers and OR personnel

* Needles and other sharps: use a “safe home base” island such as a kidney
basin for scalpel and needle transfers, thus avoiding “blind” handoffs to and
from surgeon and scrub assistant. Insist on use of containers for sharps.

» Prevent direct contact with mouth and oral secretions during patient resuscitation.

* When possible isolate patients who might infect others or who are
immunocompromised.

» Respiratory concerns—e.g., when tuberculosis is a concern, utilize a N-95
type respirator mask, tightly fitted, to avoid inhalation of mycobacteria
whether in the exam room or in the theater for bronchoscopy, decortication,
or other thoracotomy [7].

2. The overall HIV prevalence rate for sub-Saharan Africa is 4.5% but with by-
country variations from 2% to 25% compared to 0.5% for the Americas and a
0.8% prevalence worldwide [8]. Consider taking along tenofovir disoproxil/
emtricitabine (trade name Truvada) for postexposure prophylaxis (PEP) should a
concerning exposure occur with the potential for HIV transmission by a cut,
bone fragment injury, needle stick, eye splash, or other mechanism. Truvada
should be started within 2 h of exposure. Know where in-country HIV testing
can be performed promptly and accurately, for example, a PEPFAR program
clinic or other center. Preexposure prophylaxis (PrEP) for surgeons/OB-GYN
physicians practicing in areas of high HIV prevalence and limited protective gear
might even be considered for those tasked with frequent, routine high-risk trauma
(war zones, vehicular trauma) or emergency obstetrical procedures.

3. Hepatitis: see Checklist 9.2. Follow the advice from your Traveler’s Clinic and/
or the CDC website on international travel. UpToDate has a good section on
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travel medicine as well. Hepatitis B immunization has been available since 1982
and is 95% effective in preventing infection, chronic disease, and liver cancer
due to hepatitis B [9]. There is no vaccine yet for hepatitis C, but there are now
very effective agents for cure. If an exposure occurred, then consider screening
for hepatitis C periodically on return; if conversion occurs, commence therapy
with one of the new drugs, e.g., ledipasvir/sofosbuvir (trade name Harvoni).

Educational Resources

Educational resources are highly recommended whether or not the primary purpose
of the trip is training and teaching. Plan to take an atlas and a surgical text (print
copy, e-text, or both), and, if a print copy, consider leaving it behind with your hosts.
These resources will help you “refresh” on procedures you feel competent for but
do not perform as frequently now as in earlier practice or residency. Do not feel
obligated to attempt procedures you feel uncomfortable performing or for which the
postoperative care and rescue interventions for any complications are not locally
available. As Art Brooks of Vanderbilt noted: “There is no condition that can’t be
made worse with an operation.”

» Take along any prepared talks just in case an opportunity to share arises. Internet
connection challenges and intermittent power supply make online resource avail-
ability unpredictable. Groups such as the International Red Cross and Teaching
Aids at Low Cost (TALC) provide free and/or inexpensive surgical education
materials.

Summary

A successful short-term experience involves:

* Displaying a flexible and accepting attitude toward the surgical environment

* Developing warm, collegial relationships with the host physicians and the hospi-
tal teams

* Employing health and safety strategies that begin with adhering to travel clinic
recommendations

» Being prudent about physical activities that have a potential for injury and avoid-
ing road travel after dark as well as operating vehicles, especially motorcycles

* Being aware that the benefit to the participant may equal or exceed the benefit to
the host institution
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Basic Bioengineering: Essential 1 O
Equipment Use and Troubleshooting

Jim Moore and Richard S. Wood

Introduction

Assuring the availability of safe and functioning medical equipment in the devel-
oping world is challenging. Given the limited resources, repairing defective medi-
cal equipment on the field is an even greater challenge. This chapter discusses the
various causes of equipment failure, how to correct those failures, and how to
prevent future equipment failures. Learning how to quickly and properly trouble-
shoot a problem or failure will not only improve patient safety but will reduce
equipment downtime and save valuable resources. Regardless of your technical
abilities, this chapter will assist you in solving a variety of medical equipment
problems.
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Causes of Failure

The Essentials

* A large variety of available devices result in operating and service
difficulties.

* [Inappropriate donations result in poor quality and nonfunctioning devices.

* A shortage of biomed techs or service staff results in nonfunctioning
devices.

* [Inadequate equipment usage training for clinical staff results in failures.

Equipment problems and failures occur at a much higher rate in the LMIC
(lower- and middle-income countries) than in US health systems. There are many
factors contributing to this unfortunate situation, and they include the wide vari-
ety of available equipment, the source and condition of this equipment, and the
shortage of biomedical technicians or qualified maintenance personnel to main-
tain it.

A surgeon in the USA will typically be exposed to a limited variety of equipment
because the equipment is usually selected based upon the desires of the surgeon and
medical facility where they practice. Unfortunately, when traveling globally, sur-
geons will be exposed to a significantly larger variety of medical devices. According
to the World Health Organization (WHO), “. . . there are more than 10,000 types of
medical devices available. The selection of appropriate medical equipment always
depends on local, regional or national requirements; factors to consider include the
type of health facility where the devices are to be used, the health work force avail-
able and the burden of disease experienced in the specific catchment area. It is
therefore impossible to make a list of core medical equipment which would be
exhaustive and/or universally applicable” [1]. This exposure to such a vast number
of devices results in a challenge not only with servicing and maintenance but also
with proper operation of the equipment.

Although many hospitals, clinics, and surgical teams try to stretch their budgets
by relying on donated equipment, the need or desire to depend upon “free” or
donated equipment can often have tragic consequences. Many users are more con-
cerned with what they can get for the lowest cost, rather than the quality or condi-
tion of what they get. “Many developing countries are increasingly dependent on
donor assistance to meet the equipment needs of their health care systems. However,
because not all important parameters are taken into consideration, donations some-
times do not achieve their intended objectives, and could even constitute an added
burden to the recipient health care system” [2]. Furthermore, the equipment provid-
ers may come from a variety of different countries. This results in exposure to a
larger number of manufacturers and models, equipment requiring different power
sources, lack of or different language operator, and service manuals. Medical facili-
ties in the LMIC are littered with inappropriate medical devices that will never
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Fig.10.1 The majority world is littered with inappropriate medical devices that will never func-
tion in the environment to which they were sent

function in the environment to which they were sent (Fig. 10.1). “Few documented
case histories are available to tell us what actually happens to used health care
equipment that arrives in developing nations. However, the sense among some bio-
medical engineers and health care professionals who have extensive work experi-
ence in these countries is that less than 30%, perhaps as low as 10%, of used
equipment ultimately becomes operational” [3]. This is the sad reality facing many
visiting surgeons when they reach the place of service. Encountering inappropriate
medical technology (equipment), a lack of medical devices, and broken equipment
should be expected.

Procuring appropriate medical technology, training the staff on proper setup and
usage, and having a maintenance support system remain a low priority and commit-
ment for most organizations and LMIC healthcare facilities. “Economic changes and
financial problems, and a growing burden of disease have contributed to an increas-
ing dependence on donor assistance in the area of health care for many developing
economies. This assistance usually includes physical equipment and spare parts, and
in some countries, nearly 80 percent of health care equipment is funded by interna-
tional donors or foreign governments. The introduction, utilization and maintenance
of health care equipment require substantial financial, organizational and human
resources. Often, this is either not recognized, or not enough attention is paid to it. In
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the Sub-Saharan Africa region, for example, a large proportion (up to 70 per cent) of
equipment lies idle due to mismanagement of the technology acquisition process,
lack of user-training and lack of effective technical support™ [4].

Even without these realities, normal wear and tear on medical equipment is
going to result in a need for regular service. The lack of biomedical technicians or
any other technical support often leaves the clinical staff and surgeons responsible
for repairing the equipment they are using. They are too often untrained and not up
to the task. Anticipating these problems and being prepared to address them will
help the surgeon respond quicker and more effectively to the needs.

Pre-trip Planning

Do not assume that the healthcare facility which you are going to will have all the
required equipment, accessories, and supplies that you will need. Determine what
equipment you will need, and contact the facility to verify what is already there and
if the condition of the equipment is functional. Also, ensure that they have the
required accessories and any spare accessories and/or supplies. Obtaining an accu-
rate answer will be a challenge because most healthcare facilities in the LMIC do
NOT maintain an active equipment inventory. Knowing what accessories are avail-
able and the condition of the equipment and accessories is an even greater chal-
lenge. If there is any doubt, arrange to have the needed equipment and accessories
provided and/or plan to take some with you when you go.

Correcting the Failure

Despite your best efforts, your equipment has failed. Now what? Just as patient his-
tory is vitally important in diagnosing the medical problem, asking the correct ques-
tions and gathering historical information on the equipment and events leading up
to the failure will better assist you with determining what exactly is wrong and how
to correct it. Avoid making quick assumptions and carefully think through proper
troubleshooting steps.

When it comes to troubleshooting medical equipment failures, there is a tendency to jump
to wrong assumptions and miss what might otherwise be the real problem. This is espe-
cially true in some limited resource settings where parts are not readily available and
biomed training or troubleshooting skills have not been taught. Before jumping to conclu-
sions and tearing into a medical device that does not appear to be working correctly, it is
best to begin with the most obvious and likely problem areas. Taking a medical device apart
should be the LAST step in troubleshooting the problem. [5]

Equipment problems and/or failures will almost always fall under one of the fol-
lowing four areas: power, procedure, patient accessories, and parts. Worldwide
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Table 10.1 The four P’s of troubleshooting

Power The problem is related to some form of power issue. Loss,
incorrect, etc.

Procedure The problem is related to an operator error or incorrect
procedure

Patient The problem is related to a patient accessory or interface
device

Parts The problem is related to a failed internal part/component

Biomedical Charitable Services (WBCS) refers to these as “Rick’s four P’s of trou-
bleshooting” (Table 10.1). Troubleshooting will become much easier to remember
and perform if you use the four P’s in your approach.

As a clinician, you know that a proper diagnosis of the patient not only includes
the patient history but often access to the proper diagnostic tools and equipment as
well. Likewise, when you are troubleshooting the medical equipment, you will need
some basic tools and test equipment. It should be possible to carry a few small items
if you are going to an environment that does not have those on site. The minimum
tools would include regular and Philips screw drivers and needle nose pliers. The
minimum test equipment should include a small multimeter that will read AC and
DC voltage and impedance (resistance). Obviously, the greater assortment of tools,
test equipment, spare parts, and disposable accessories you take, the better off you
will be.

You’ve heard the saying “you are only as good as your tools” or “the right tool
for the right job!” Successful troubleshooting and repair will require these. Finding
these items when you reach your place of service will be difficult. Identify sug-
gested tools and a multimeter that can be purchased locally before you leave
(Figs. 10.2 and 10.3).

—
. ABBUNARNUBQIN Push button quick release ratchets
oF 1-3/8-in female x 1/4-in male socket adaptor and 1/4-in drive spinner

- | aHBNnNuy handle

1/4-in drive bit adaptor and 13-1-in insert bits- Ph, slotted, torx & 4-hex
6-in long nose pliers and 6-in adjustable wrench

Wire brush and 3-hose clamps, size: 1/2-in, 1-in, 2-in

1-3/4-in x 30-ft PVC tape and 1-retractable utility knife

1-tire gauge and a 6 1/2-in heavy duty mini flashlight with 2 batteries

e (__

Fig.10.2 Small basic tool kits come in handy while serving internationally
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Fig.10.3 Low cost meters can be found in stores

Power Problems

Always begin the troubleshooting process by checking all aspects of the power.
Inspect power cords for connection, both at the power outlet and at the back of the
device. Insure that the plugs are firmly seated at both ends. Also check the actual
condition of the cords and plugs — if they appear worn, cut, or kinked near the ends,
replace them. Power plugs from the UK that have three flat blades often contain
fuses inside the power plug. These internal fuses occasionally blow and must be
checked with a meter or the power cord substituted to verify it is good.

Verify the actual power condition and availability (voltage, frequency, stability,
etc.). Is there even power at the outlet and is it at the proper voltage? Poor power
sources may be poorly regulated, running too high or low, and can damage the equip-
ment. Also verify that the power requirement of the device matches the power it is
being plugged in to (the destruction of a 110 V piece of equipment is usually instan-
taneous if it is plugged into a 220 V system). It is common to find incorrect power
plugs forced into outlets or inappropriate adaptors being used. This occasionally
results in cords being plugged into the wrong voltage outlets (Figs. 10.4 and 10.5).

If the power outlet and power cord have been verified to be good and the device is
still not coming on, check for blown fuses. Some fuses are easy to find and remove for
inspection. Some will require a small screw driver to remove from the plug or fuse
holder and others may be located inside the device and require the cover to be removed.
Some glass fuses can be visually inspected and it is obvious when they are blown.
Others, however, may not be visible or may even appear to be good, but are not. It is
always best to verify with an ohm meter if one is available or simply replace the fuse.
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Fig. 10.4 Power outlets will vary not only in styles but in voltage and frequency. Always make
sure the device is plugged in to the correct power source

MANUFACTURED BY &

St. Louis, MO 63110

MODEL WIS 25 |

SERIAL NO.

NS
.. escv  [EZ3EN conTRrACT N oL 120-89-C-8543 |
?‘."R ‘Gl 3-90 | o)

This device is designed to function at either 115 or 230 volts and at 50
or 60 Hz. ALWAYS verify device is plugged in to correct power source.

Fig.10.5 Always check the equipment nameplate to verify the input power requirement

If a blown fuse is found and replaced and the device blows the fuse again, this is
an indication there is a defective component inside the device. The device should be
taken out of service and given to a qualified technician to inspect and repair. It is not
uncommon to find insect or rodent nests and damage internally. Urine has been
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known to corrode contacts, components, and wiring, which can burn out power sup-
plies or circuit boards. Chewed wires are also common. This type of damage is typi-
cally not repairable without further technical assistance and parts.

If the device is battery operated, check the condition of the batteries and ensure
that they are properly installed. Batteries installed backward (or upside down) are a
common problem and cause the device to not work. Rusted and/or corroded battery
contacts inside the device will also result in failure, even when new batteries are
installed. Do not make assumptions with batteries, but verify condition and proper
installation. Replacement, if you are uncertain, may be the best way to check.

Keep all air filters clean, fans unblocked, and items off and away from the equip-
ment to prevent overheating of the power supply. Proper air ventilation on some
devices is critical.

Procedure Errors

User or operator errors are something no one likes to admit, but it happens especially
when trying to use a piece of unfamiliar equipment. Because it is a difficult subject to
address and safety has been compromised when users do not want to admit or attempt
to cover up errors, the US health systems now refer to them as “procedure errors.” The
important thing is not to lay blame, but to correct the error and to prevent future errors.
In the limited-resource environment where there may be limited numbers or no equip-
ment user manuals available or where they are in a different and unfamiliar language,
operator or procedure errors are more likely to occur. This problem is also exaggerated
when the clinical users have not received proper training on the usage of the device.

It is vitally important, therefore, that questions are asked and procedures checked
to verify the problem is not simply a problem of improper usage. Do not assume that
the user is infallible. If you or the other clinical users don’t know how the equipment
functions, ask or find out how to operate the equipment correctly. If you are working
in an environment with Internet access of sufficient quality, many times the user
manual can be downloaded from the manufacturer or other technical websites.

Lack of proper handling of the equipment is also considered a procedure prob-
lem and referred to as equipment abuse in the US health systems. Equipment abuse
results in more failures than most people realize and should be addressed when
encountered. Additional details on abuse are covered under the patient accessories
troubleshooting step.

Patient Accessories/Interface Failures

Damage from lack of care or abuse of the equipment often results in broken acces-
sories or parts. Patient accessories or interface devices such as patient cables, blood
pressure hoses, and pulse ox sensors are the weakest link in medical equipment.
These parts receive the most stress, wear and tear, and will eventually all wear out
and fail, even if the users give exemplary care. However, not handling these devices
carefully will shorten their life expectancy.
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Unless you have basic test equipment such as a multimeter and/or a patient simu-
lator, verifying that the problem is in the patient accessories can be difficult. Your
primary method of troubleshooting may be limited to visual examination and swap-
ping out accessories. Closely examine cables, wires, hoses, sensors, or other small
parts for kinks or worn areas. In limited-resource settings where single-use items
are frequently used multiple times, worn-out accessories is a common problem. It is
often obvious where the problems are located. Worn-out single-use sensors, electro-
surgical pencils and patient return pads, and even electrocardiogram electrodes are
frequently used beyond their ability to conduct signals. When in doubt, replace
them.

Finding spare or replacement accessories is a frequent problem. Unfortunately, it
is common to discover that the healthcare facility does not have or does not know
where any spare accessories are located. You may be faced with equipment being
placed out of service while waiting for new patient accessories to arrive. Therefore,
as mentioned earlier, it is a good practice to arrange for or take spare accessories
with you when you travel.

The lack of troubleshooting and repair skills is a frequent problem in the limited-
resource environment, but it can be a politically and culturally sensitive area to
address. National maintenance personnel often struggle with a lack of tools, test
equipment, spare parts, and other proper repair resources. Moreover, a lack of trou-
bleshooting training and experience often results in ineffective service attempts in
most limited-resource environments. This is often manifested by the quick and hap-
hazard repairs that use a variety of different tapes or materials to patch together
broken wires and accessories. When patient accessories are found taped together, it
is usually a safe assumption that the connections are insufficient. Replace these
accessories as soon as possible.

To reiterate the previous quote, “Taking a medical device apart should be the
LAST step in troubleshooting the problem™ [5]. It is critical that these common
causes and failures mentioned above be checked prior to opening the equipment and
checking for internal part failures.

Parts Failure

Although most people assume the contrary, internal component failures are actually
the least likely problem. Carefully check the other three “P’s” of troubleshooting
before determining the problem is a failed part inside the device. If it has been deter-
mined that the device has a failed internal part, consider the possible appropriate ser-
vice options before disassembling the equipment. These options include repairing the
device on site, waiting for a qualified service tech to come for a repair, and sending or
taking the equipment to a location where it can be properly serviced. Disassembling
the equipment by an inexperienced person who does not have diagnostic equipment
and spare parts available is more likely than not to result in a non-fixable mess.
Equipment is often not repairable on-site without proper replacement parts.
However, if qualified service personal are available and parts are available, then it is
appropriate to have them check for and replace any missing or defective parts.
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Unless the clinical staff member has electrical and/or mechanical aptitude, choose

one of the following options:

* Leave a detailed note describing the problem or failure with the equipment so the
qualified service people will know why it was taken out of service.

e If the service personnel are available, meet with them to discuss the problem.
Service on equipment is most successful when the users discuss the details of the
problem with the service techs.

» The last and often most appropriate option is to send the equipment out for repair
or wait for qualified help to arrive. If you do not have the proper tools and test
equipment (basic meter and/or simulator) to troubleshoot the device, you should
not open it and make a bad problem worse. Asking another unqualified hospital
staff person to service the equipment is equally dangerous or ineffective. A quali-
fied service person will know their limitations (abilities AND resources) and will
seek outside assistance if needed. Disassembling and fiddling with defective
equipment when there are no parts to repair it only results in further damaging
the equipment.

Common Failures

Because similar parts vary from one manufacturer and model to another, the list
of general parts that will work in every device will be limited. Spare parts such as
batteries, fuses, filters, light bulbs, electrical connectors, and patient accessories
vary from device to device. Unless the healthcare facility where you are going has
completed an inventory and evaluation of the medical equipment you will need to
use, it will be close to impossible to anticipate what parts you should take with
you to address problems. If, on the other hand, they evaluate their needs, you
might be able to obtain a list of the parts to take. Therefore, asking for this infor-
mation in advance is the only hope of obtaining appropriate spare parts to carry
with you.

There are eight more common/critical devices that a surgeon will depend upon
(Table 10.2). Three are specific to the operating room (OR) or surgery area (anes-
thesia, electrosurgical unit, and sterilizer), and the others will be found in the OR,
postanesthesia care unit, ward, and/or other areas of the hospital.

Troubleshooting Examples

The following two troubleshooting examples occurred in 2015 in two African coun-
tries and illustrate how to follow the four P’s of troubleshooting.

The first example was a nerve stimulator in Uganda that the anesthesiologist
simply said “is not working.” Although the handheld stimulator had no power cord,
one should still begin with the evaluation of the first “P” — power. It still requires
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Table 10.2 Common failures

Problems

Solutions

Anesthesia machine

Pneumatic leaks

Check all patient circuits, hoses, gaskets, connectors/fittings

Incorrect readings

Check sensors, electrical cables and connectors, batteries

Patient monitor

Poor ECG signal

Check skin prep and electrode condition

Poor or incorrect BP readings

Check hoses, connectors, and patient cuff

Poor or incorrect SAO,
reading

Check condition of finger sensor

Electrosurgical unit

Alarm going off

Check patient plate wires, connectors, and contact with
patient

Poor cut and/or coag

Check proper patient plate contact with patient skin

No cut or coag

Check footswitch and/or pencil condition

Oxygen concentrator

Low airflow

Check all filters (external and internal)

Low O, percent (meter
needed)

Check filters, proper power source, age of concentrator

Suction pump

No or low suction

Check filters, hoses, suction adjustment

Running slow and/or hot

Check proper power source (specifically the frequency)

Defibrillator

Will not operate if unplugged

Battery low or dead

Poor ECG signal or display

Check skin prep, electrodes, and patient cable

Pulse oximeter

Will not operate

Check battery condition

No or poor patient signal

Check finger (SAO,) sensor (connector, cable, sensor)

Sterilizer

‘Will not come on or heat

Check power source. Check steam generator

Will not sterilize

Check door gasket, steam traps, and piping for leaks

power to operate. Therefore, the 9 V battery was removed and checked with a meter.
The battery was indeed low (4.5 V) and needed replacement. The second “P” (pro-
cedure) troubleshooting step was not evaluated because the doctor was known to be
experienced in the proper operation of the stimulator. However, as a reminder, it is
not logical or safe to always assume the user fully understands the operation of the
device. The third “P” (evaluation of the patient accessories or interface) was then
undertaken. In the case of this stimulator, it was designed with two lead wires that
connect the stimulator to the patient. One of the two wires was broken and needed
repair. The stimulator was now returned to full function. After following the four P’s
approach to troubleshooting, it was discovered that the stimulator failure was both
a power problem and patient interface problem, and it was quickly and easily
repaired and returned to service.
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The second example was a patient monitor in South Sudan. The initial com-
plaint by the clinical staff was a very poor ECG signal and display on the monitor.
The QRS signal was barely visible and consisted of mostly interference or arti-
fact. Since the monitor was on and all other parameters are functioning well, and
it was a monitor designed to work on both 110 V 60 Hz and 220 V 50 Hz, it was
assumed that the first P, power, was good. The next P, procedure, is often a prob-
lem with when there is a poor QRS signal on monitors. Therefore, the lead setting
on the monitor and the lead placement on the patient were checked and found to
be okay. However, the clinical staff admitted that the skin prep on the patient was
not completed correctly when the electrodes were applied. Additionally, the
patient electrodes were old and dried out. Once the skin was prepped correctly
and new electrodes were installed, there was an improvement on the signal on the
display. Nevertheless, the signal still had a significant amount of artifact. The next
P, patient interface, was checked, and it was determined by the use of a simulator
that the patient cable and lead wires were found to be good. At this point, it was
assumed the final P, part, had failed in the monitor. Before concluding that the
problem was an internal failure, there was one last attempt to troubleshoot the
problem by going into the “advanced settings” mode of the monitor. This will not
be easy if you are not familiar with the monitor and don’t have a manual available.
Fortunately, this function was found, and upon investigation, it was found to have
a software setting to set the monitor for 50 Hz or 60 Hz operation. The monitor
was set for 60 Hz but was plugged in to the typical 50 Hz African power source.
Once the monitor setting was reset for 50 Hz, the frequency interference disap-
peared, and the monitor had a clean QRS display. Therefore, the problems were
primarily procedures which included poor skin prep, an improper power setting,
and patient interface (dried electrodes).

Preventing the Failure

The Essentials

e Everyone (admin, clinical, technical, and support staff) can help prevent
failures.

* Appropriate technology procurement is the first step in preventing
failures.

* Proper usage and handling of equipment is the next step in preventing
failures.

* Developing and following an equipment management plan prevents most
failures.

Preventing future equipment failures and problems are often not considered or are
left up to maintenance personnel. However, users and clinical staff play an impor-
tant role in preventing a variety of failures. The three basic prevention steps include
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Table 10.3 The three P’s of prevention

Proper care Handle the equipment carefully and keep clean

Performance check Verity proper operation and performance before
every use

Preventive service Replace worn accessories and parts before they fail

proper care and use of the equipment, evaluating the performance of the equipment
each time it is used, and performing basic preventive service before the failures
occur (Table 10.3).

Proper care of the equipment starts with proper cleaning and careful handling. All
filters should be checked and cleaned on a regular basis. Some are designed to be
blown out and/or washed, and some are disposable and will need to be replaced. Failure
to keep air filters clean may result in equipment overheating and component failures.
Dirty air filters on oxygen concentrators will also affect the oxygen output, and concen-
trators typically have both internal and external filters that will need cleaning and
replacing. Some equipment, such as sterilizers, also have water and/or drain filters that
must also be checked and cleaned on a regular basis. One very common failure with
suction pumps can be traced directly to the filters. The most common filter problem on
pumps is with bacteria filters that may appear to be just fine, but become clogged and
prohibit airflow. A defective bacteria filter can be easily verified by simply bypassing
the filter to test.

Being proactive with your facility by encouraging the addition and regular use of
protection devices against “bad” electricity can go a long way toward prevention of
unwanted damage from bad power. A simple inexpensive surge protector can reduce
or eliminate damage caused by short-term spikes coming into your medical equip-
ment’s power cord. Lightning and other surge currents caused by “noisy” equip-
ment being used nearby can send thousands of volts of a very short duration that
may not blow the protective fuse, but will damage delicate electronics contained
within your ultrasound machine or patient monitor. These simple plug-in devices
isolate your medical equipment from spikes simply by clamping the incoming cur-
rent at a manageable voltage.

Sustained low voltage (commonly called “brownouts”) forces many medical
devices to try and compensate by increasing their draw of current from the line. This
generally overheats your suction pump motor or compressor unit. Voltage correc-
tion transformers sometimes called regulators are step-up/step-down transformers
that can maintain the proper operating voltage when your source becomes lower or
higher than normal. These units cost more but will pay for themselves many times
over. Brownouts are common in LMIC and can be as dangerous as unprotected
power surges to electronic equipment.

The ultimate power protection device is an uninterruptible power supply (UPS).
These devices contain a storage battery and inverter that produce their own power
that is clean and carries you through both “brownouts” and complete power losses.
The UPS will continue to operate until the battery loses its charge. This gives the
clinician time to complete the surgery case or the ultrasound study without
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Fig.10.6 This electrosurgical unit/Bovie pencil connector was damaged from an improper clean-
ing solution

interruption. These UPS units must be sized according to the load being provided
but are generally available in many developing countries city centers. They are the
most expensive solution and can be bulky, but properly sized, they can provide clean
power for everything from cell phone chargers to CT scanners.

Cleaning should be performed for obvious reasons, including infection control
and damage from dust and dirt. Make sure the cleaning materials or fluids are appro-
priate and will not cause damage to the device or accessories. Improper cleaning
procedures or materials could result in damage such as the electrosurgical unit pen-
cil connector (Fig. 10.6). The contacts corroded because the users plugged in the
pencil when it was still wet with a corrosive cleanser, and this resulted in a poor
connection between the pencil and the device.

Proper care and handling of the equipment and accessories is essential. The
patient accessories or interface devices are the weakest link in medical equipment.
Therefore, all users must treat the devices and accessories with respect and under-
stand they are susceptible to easy breakage. An example of how not to care for the
patient accessories is shown in Fig. 10.7. Pulling on cables, hoses, and wires and/or
wrapping them too tightly will cause internal breakage of wires that cannot be seen
or leaks in hoses and connectors. Clinical staff should be trained and reminded of
the importance of proper care.
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Fig.10.7 This is not the correct care and handling of patient accessories. Note the kinked blood
pressure hose near the connector

Encourage the Development of a Medical Equipment
Management Plan

US healthcare regulations require regular performance and safety (PAS) inspec-
tions. This is not optional in the USA and insures patient safety and properly operat-
ing equipment. PAS inspections and tests can be performed by both the users of the
equipment and biomedical technicians. These inspections fall primarily on the clini-
cal staff in most limited-resource countries where there are no available biomed
techs. Prior to using a medical device on a patient, the user should visually and
functionally inspect the device and verify it is performing properly.

US healthcare regulations also require regular preventive maintenance (PM).
This is also occasionally referred to as planned preventive maintenance (PPM).
Although PMs are typically carried out by biomedical technicians, preventive ser-
vice can and should be performed by the clinical staff when biomed techs are not
available. Preventive maintenance means replacing parts before they fail. These
types of parts are typically mechanical parts that wear out, for example, clogged
filters, and/or the patient accessories that wear out over time and usage. Lubrication
of mechanical parts is also considered a PM. The lack of ready availability and the
expense of replacing a part that is “still working” make this difficult to implement
in limited-resource areas and cultures.
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Procurement of appropriate technology (medical equipment, parts and accesso-
ries) is one of the most effective ways of preventing problems. Whether or not you
are personally involved with procuring medical equipment, parts, or accessories or
you have the opportunity to make recommendations to the healthcare facility where
you are working, make sure you know the source of the equipment or parts. As
mentioned earlier, “a large proportion (up to 70 per cent) of equipment lies idle due
to mismanagement of the technology acquisition process” [4]. This is a result of
using donors or providers that are not familiar with appropriate technology transfer
to LIMC environments. Even though the provider has good intentions and wants to
help, their available equipment and/or parts may not be suitable for the environment
to which it will be sent.

One way to ensure you are obtaining the most appropriate technical resources
and support is by utilizing organizations and individuals that adhere to quality stan-
dards and have experience working in LMIC environments. Technical Exchange for
Christian Healthcare (TECH) is one example of an association of many healthcare
organizations and individuals who follow quality standards. “Sharing their resources,
knowledge, and expertise, TECH members are committed to providing functioning,
appropriate, sustainable medical equipment. Believing that our work reflects our
Christian testimony, TECH members are attentive to the quality of items sent to the
mission field” [6]. These “standards” [7] help insure the technology will be most
appropriate for the environment and application it will be sent to and that all aspects
of the transfer (packing, shipping, installation, training, parts and manuals, etc.) will
be carefully considered. For a list of the current TECH members with links to their
websites, go to www.techmd.org/membership/. These members include:

e Chosen http://www.chosenima.org/
* International Aid http://www.internationalaid.org/
e Samaritan’ Purse http://www.samaritanspurse.org/

Summary

Anticipate and plan for equipment problems before and during your time of service.
Plan ahead and take any critical devices, accessories, or supplies that you anticipate
needing if there is no guarantee that they will be available on-site when you arrive.
Expect that you will encounter existing problems and some will develop while you
are there. Follow the four P’s of troubleshooting to ensure a quick and most effective
resolution to these problems.

Prevent future problems by performing preventive service and encouraging the
national staff or hospital management to seek appropriate future procurement and
service.

Lastly, seek help from those with international medical technology support expe-
rience. This should be done before, during, and after your travel to the field.
Encourage hospital leadership to manage their technology correctly the first time
and not put Band-Aids on their problems.


http://www.techmd.org/membership/
http://www.chosenima.org/
http://www.internationalaid.org/
http://www.samaritanspurse.org/
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Frugal and Reverse Innovations 1 1
in Surgery

Matthew Prime, Yasser Bhatti, and Matthew Harris

Overview of Frugal and Reverse Innovations and Relevance
to Surgery

The Essentials

e Drivers for healthcare in low-income countries are converging with those
in high-income countries.

e Frugal innovations offer potential for low-cost and high-quality global
surgery.

* Reverse innovations diffuse solutions from low-income to high-income
contexts.

In this chapter we outline emerging trends in innovation, specifically frugal and
reverse innovations, and their relevance to global surgery for both high-income and
low- and middle-income countries (LMICs). Increasing attention is being afforded
to bending the growth cost curve by developing new solutions or drawing from dif-
ferent solutions in LMICs.
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Escalating demand for healthcare and constrained resources has traditionally
been seen as challenges limited to LMICs. However slower economic growth rates
and soaring healthcare costs particularly in the USA and the UK are contributing to
unsustainable spending. Economic challenges combined with social challenges
reflected by, for instance, the increasing prevalence of the burden of noncommuni-
cable disease suggests the convergence of challenges facing global healthcare sys-
tems. While consideration for quality healthcare has been paramount in high-income
countries (HICs) and affordability as an added metric has been considered impor-
tant for the socially and economically disenfranchised, both are now becoming
equally important for everyone, even the socially and economically well off.

As global healthcare leaders wrestle with the problem of how to improve com-
petitiveness while simultaneously reducing costs and improving quality, the idea of
developing frugal innovations or adopting reverse innovations as a way of tackling
these challenges is gaining prominence. Popular examples of frugal innovations in
surgery include Narayana Heart Hospital, Aravind Eye Care System, Jaipur or
ReMotion knee prosthetics, and hernia repair using mosquito net mesh.

Frugal innovation and reverse innovation are often conflated, yet there is a clear dis-
tinction. Frugal innovations entail affordability as a key characteristic and have tradi-
tionally been associated with LMICs or emerging markets [1-3]. Reverse innovations
are associated with diffusion of such low-cost or frugal innovations from low-income to
high-income settings [4]. Once frugal innovations are identified or developed, they can
then be assessed for reverse ability from low- to high-income contexts.

Frugal Innovation

By taking out costs and increasing efficiency, transforming care delivery, expanding
access to quality care, improving patient outcomes, and increasing the sustainability
of the health system, frugal and reverse innovations have the potential of benefi-
cially disrupting current and sometimes outmoded health system practices.

Frugal innovation gained much global traction from mainstream publication in
The Economist in 2010, which presented several healthcare innovations, both prod-
uct and process, including the GE’s MAC 400 ECG machine, a medical device
reengineered to focus on simplicity and cost reduction available for $800 [5]. The
definitions of frugal innovation prevalently found in existing literature are governed
by concerns for low cost and sourcing from developing or emerging market coun-
tries and have relevance for global surgery. In the management consulting literature,
Ernst and Young (2011) define frugal innovation as the economical use of resources
to provide products affordable to those on a lower income [6]. In academic litera-
ture, scholars call frugal innovation as simply “toned down” and “‘good-enough
products” [7] or low-cost products [8, 9]. Definitions by Gupta and Wang [10],
Zeschky et al. [11], Tiwari and Herstatt [12], and George et al. [13] are familiar to
those found in Govindarajan and Trimble’s work on reverse innovation. The process
of frugal innovation may redesign products [11], reconfigure value chains [14], or
rebuild entire ecosystems [15, 16]. In essence frugal innovation is a label that cap-
tures a range of heterogeneous activities, which cut across different sectors [17].
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Drawing from extensive study of what entails frugality in innovation, we see
frugal innovations as “means and ends to do more with less for many” [18]. Frugal
innovation can be more affordable for the producer, provider, or patient, but should
ideally have potential impact on a global scale for population-wide or system-wide
benefit. Our adopted definition of frugal innovation is hence broad, such that it
encompasses examples where inputs and outputs are less costly but also where
things are done more efficiently or where innovations provide wider access to larger
populations through their scalability [19].

People often equate frugality with poor quality, especially if its sources are
unconventional, and this makes the diffusion or adoption of the innovation particu-
larly challenging in healthcare where quality and patient outcomes are key metrics
of success. Indeed frugality is about affordability, but in moving beyond early per-
spectives of frugal innovations as simply “good-enough” or “no-frills” products, we
must recognize frugality is also about adaptability and accessibility — key issues
confronting healthcare professionals challenged with improving access to care
while simultaneously reducing costs and improving quality.

Reverse Innovation

Reverse innovation is defined as “any innovation that is adopted first in the develop-
ing world” [20]. This means learning from, or diffusion of, the innovations that
low-income countries have themselves developed and perhaps even scaled to high-
income countries. Woolridge in The Economist refers to both frugal and reverse
innovation in mainstream practitioner outlets, by writing “Frugal innovation radi-
cally redesigns products and services to make them much cheaper for the emerging
middle class — and then re-exports them to the West” [5].

In healthcare circles, this has become somewhat of a movement. In 2012, an
ongoing thematic series in the journal Globalization and Health set out to explore
and promote “reverse innovation.” In 2013, the Ivey International Center for Health
Innovation issued an open call to invite proposals for “reverse innovations” that
could address Canada’s health system challenge [21]. The International Partnership
for Innovative Healthcare Delivery (IPIHD), recently renamed Innovations in
Healthcare (ITH) formed out of a partnership between the World Economic Forum,
Duke University, and McKinsey & Company, operates a “reverse innovation” work-
ing group to address how successful innovations in healthcare delivery from low-
income settings can be replicated in high-income settings. In 2016, the US
Commonwealth Fund commissioned case studies of frugal innovations for applica-
bility to the US health system.

Some reasons for this shift in emphasis on the directionality of learning include
the North-South model of development, rooted in postcolonial assistance, which
has been heralded as archaic [22]. Development has been called into question as an
industry that is often self-serving [23-25] and failing to demonstrate significant
change [26, 27]. Also, the global health landscape has changed dramatically. Power
and influence are more diffuse with a proliferation of significant new actors [28, 29],
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and emerging economies continue to challenge established markets. There are many
examples of impressive health innovations originating from LMICs. These have the
potential to disrupt health systems in the Global North; indeed there are many rea-
sons why the bloated healthcare economies of high-income countries could benefit
from leaner innovations and out-of-the-box thinking.

Relevance to Surgery

Surgical procedures that embody frugality and innovation offer potential for disrup-
tive cost reduction and global accessibility. Examples of frugal innovations in sur-
gery are diverse ranging from additive manufacturing or 3D printing to produce
surgical tools to lean manufacturing and task shifting techniques to achieve econo-
mies of scale such as at the Narayana Heart Hospital or in the Aravind Eye Care
System [30-32]. Other examples include the Jaipur prosthetic knee, the Arbutus Drill
Cover for orthopedic surgery, and hernia repair using mosquito net mesh. An under-
standing of these cases and their relevance to the surgical field can help offer lessons
in developing high-impact and cost-effective solutions that address the intensifying
challenges of burgeoning budgets, financial accountability, and finite resources.

Dr. Devi Shetty is a renowned Indian cardiac surgeon and founder of Narayana
Health, who at his hospital in Bangalore has been able to decrease the cost of cardiac
surgery to $1,500 per operation, compared with $144,000 in the USA, $27,000 in
Mexico, and $14,800 in Colombia while at the same time maintaining quality (1.4%
30 day mortality from coronary artery bypass surgery vs. 1.9% in the USA). In effect
his organization has evolved cardiac surgery to a production line: maximizing the
number of operations while improving quality through procedure repetition [5, 30].

Aravind Eye Hospital has been on a mission since 1976 to end blindness in India
seeing 2.5 million patients a year [32]. Today Aravind is the largest eye surgery
provider in the world. Among its highly touted technical and social achievements
are dropping the imported price of intraocular lenses from $200 apiece to locally
produced $5 apiece. It costs $10 to conduct a cataract operation that lasts just
20 min, and currently around 300,000 eye surgeries are completed each year.
Aravind achieves a gross margin of 40% despite the fact that 70% of patients receive
free or heavily subsidized rates. By comparison, the average cost for this eye proce-
dure in the USA is about $1,650. The hospital’s Aurolab, which pioneered the pro-
duction of high-quality, $5 low-cost intraocular lenses, produces 700,000 lenses
each year, of which three-quarters are exported all over the world. However, the
lenses are not exported to the USA since Aravind cannot afford the costly US-FDA
clinical approval process [31]. With less than 1% of the country’s ophthalmic man-
power, Aravind accounts for 5% of the ophthalmic surgeries performed nationwide
[32]. The hospital network uses broadband for rural screenings. “We are going from
village to village to provide eye care to the unreached,” says Aravind’s chairman,
Dr. P. Namperumalsamy [31].

Narayana and Aravind have successfully scaled in home contexts, but are finding
replication elsewhere challenging. Although more evidence is available on the
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efficacy and safety of mosquito mesh for hernia surgery, advocacy for the diffusion
for global surgery is limited to resource-constrained contexts [33]. Howitt et al.
(2012) advocate that policy makers and the medical establishment still need to act
quickly in order not to repeat the delay seen in the adoption of oral rehydration
therapy [34]. Even with lack of prevailing evidence, the scale of economic and
social advantages of alternative surgical techniques in low-income countries may
outweigh the minimal clinical disadvantages [35]. See the section in “Chap. 3 The
Economic Case for Surgical Care in Low Resource Settings” that speaks to the
financial calamity resulting from not investing in essential surgery.

Surgery entails products and processes. But products or processes of frugal
innovation are not mutually exclusive — in fact they are interdependent and com-
plimentary — but the delineation helps to provide a helpful starting point for
investigating the different challenges and in identifying the kind of frugal inno-
vations that are likely to have the biggest impact. However, research suggests to
move beyond the focus on technology innovation and think also along social
innovation and institutional innovation as well as needs and motivations of users
or innovators such as user driven, efficiency driven, challenge driven, and social
driven [17].

We know little about the motivations and strategies of frugal innovators and how
clinicians and engineers and designers can better work together to co-develop frugal
and reverse surgical innovations. Interdisciplinary design spaces such as Helix at
Imperial College London provide a place for interaction and lives up to Donald
Schon’s work on reflective practice (1983), where the joint practices of clinicians
and designers come together and can be critically assessed by scholars [36].

This interdisciplinary approach informs healthcare but also other sectors. While
some frugal approaches to process innovation have been inspired by the techniques
and philosophy of lean production, first developed in the car industry, frugal
approaches to produce surgical innovation may have the potential to in turn inform
the car industry in how to design automobiles.

Identifying and Understanding Methods for Frugal
and Reverse Innovations in Surgery

The Essentials

* Frugal innovations need to be identified beyond case analysis

» Strategies to evaluate the “reversibility potential” of innovations from
LMICs must be developed

* [nnovators are using various methods to achieve frugality

Current academic literature identifying examples of frugal innovations in healthcare
is limited, and authors have often drawn on the examples of Narayana Healthcare
[17, 37, 38] and the Mac 400 ECG4 [11, 38, 39] to build theories or illustrate
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conclusions. Although these examples are important, their impact is limited to the
specific conditions and problems they were developed for. Current work suggests
that innovators are widely embracing the concept of frugality to solve a variety of
different healthcare challenges [40].

Identifying Frugality

In order that frugal innovations can be evaluated, studied, and disseminated into the
health sector, they must first be identified or assessed as “frugal innovations.”
Unfortunately, in-depth case study analysis of all new innovations is not practical;
therefore, tools must be developed to help healthcare leaders more easily scan for
promising frugal solutions; the authors at Imperial College London have developed
an empirically derived frugal identification tool based on the key definitional com-
ponents of affordability, adaptability, and accessibility outlined by Bhatti [17]; sub-
sequent testing has identified a cohort of frugal innovations in healthcare, many of
which are applicable to the field of global surgery [40] (Table 11.1).

Assessing Reverse Ability

For healthcare systems in developed countries to benefit from innovations con-
ceived in resource-poor contexts, strategies must be developed to identify and strat-
ify innovations with the greatest potential. Govindarajan and Trimble [20] state that
“reverse innovations can flow uphill by penetrating marginalized markets after a
delay during which trends close the gap between rich-world and poor-world needs.”
In other words the more deprived areas of a developed economy have challenges
more aligned with developing economies, as such the innovations are more appli-
cable. Further, they propose a framework based on how an innovation demonstrates
convergence in five “needs gaps”: performance, infrastructure, sustainability, regu-
latory, and preference. However, further research is required in healthcare to evalu-
ate how such frameworks might be used in practice.

Methods Used in Frugal and Reverse Innovations

Understanding the fundamental dimensions employed by an innovation to “do more
with less, for many” [19] will help innovators identify important strategies to foster
their own creative efforts. Initial work by Prime et al. (2016) has shown that for
frugal product development, the concept of simplification and user-centered design
is critical [40]. A group from Arbutus Medical, based at the University of British
Columbia (UBC), Canada, working in 14 developing nations worldwide, has devel-
oped the Drill Cover Hex (Fig. 11.1), an ingenious solution to allow surgeons to
safely use a low-cost hardware drill for surgical procedures, by only sterilizing a
drill bit and attachment instead of entire drill, dramatically reducing the cost.
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Table 11.1 Frugal innovations for healthcare [40]

Frugal innovation

Innovation description

Arbutus Drill Cover

Arbutus Medical has developed a $400 alternative to $30,000 surgical
drills, allowing safe and effective treatment of patients in resource-
constrained settings

BRACI Smart Ear

BRACT is a product and platform which is able to detect a wide range of
sounds in the environment and deliver a notification about that sound to
any medium the user has specified, for example, in the form of a message
on a screen

eACCESS

The eACCESS initiative aims to make critical care specialists available
round the clock in order to provide high-quality care to patients in the ICU

Fosmo Med

Fosmo Med is changing the paradigm of pre-filled IV bags by utilizing
innovative forward osmosis technology to create sterile intravenous
solutions at the point of care

JANMA

JANMA by AYZH is a US$3 clean birth kit containing six simple tools
recommended by the World Health Organization (WHO) to ensure
sanitation and sterility at the time of childbirth

Miroculus

Miroculus has developed an accurate, easy to use, noninvasive, and
affordable microRNA detection platform that can radically improve the
ability of life science research and healthcare providers to diagnose, treat,
and monitor diseases at a molecular level through the examination of
microRNAs

Mother’s Delivery
Kit

Mother’s Delivery Kit contains sterile products a woman needs during
childbirth to avoid potentially fatal neonatal complications, such as
tetanus due to a lack of clean blades and sepsis caused by delivering
children in unsanitary conditions

PEEK vision

Peek — the portable eye examination kit — makes eye tests affordable and
easy anywhere in the world by leveraging smartphones with specialist
adapters and software

Possible

Possible is a nonprofit healthcare company that, using an innovative health
system model, delivers high-quality, low-cost healthcare to the poor

Pro Mujer

Pro Mujer’s “Integrated Women’s Empowerment and Healthcare Model”
ties the delivery of healthcare services to the delivery of microfinance
services to increase coverage and access among low-income women in
Latin America

Pumani BCPAP

The Pumani BCPAP is a low-cost respiratory support device used in the
treatment of respiratory illness in infants and young children

Robohand

The need for affordable, functional upper limb replacements is immense.
Robohand components are 3D printed using polylactic acid (PLA),
derived from renewable resources such as corn starch, tapioca roots,
chips or starch, or sugarcane

Smile Train

Smile Train is an international children’s charity with a sustainable
approach to a single, solvable problem: cleft lip and palate

SughaVazhvu
Healthcare

SughaVazhvu trains underutilized AYUSH (alternative Indian medicine)
physicians to provide evidence-based primary care using clinical
protocols developed in association with the University of Pennsylvania

Ziqitza Healthcare
Limited (ZHL)

Ziqitza Health Care Limited (ZHL) operates 1,280+ ambulances, with
6,000+ staff, in 17 states across India and the UAE. They use a tiered
pricing, user-fee-based business model in India wherein patients are
charged based on ability to pay based on the patient’s destination
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Fig.11.1 The Drill Cover
Hex (formerly the Arbutus
Drill Cover) developed by
Arbutus Medical (Image
courtesy of Arbutus
Medical, a medical
company that spun out of
UBC)

Fig.11.2 “Portable eye
examination kit” (Image
courtesy of Peek Vision)

Prime et al. (2016) also saw that harnessing emerging technologies such as
digital platforms and 3D printing could achieve more with less [40]. For exam-
ple, a UK team focused on reducing blindness has produced a “portable eye
examination kit” called PEEK, using a smartphone application and lens adapter
(Fig. 11.2). A validation study has demonstrated that image quality is
comparable to a standard desktop retinal camera, furthermore, they suggest
that the ease of image capture will allow community health workers (CHWs)
to perform critical tests to identify the avoidable causes of blindness in
underserved rural communities, which makes this an attractive public health
intervention [41].

As well as employing user-centered design to understand the needs of frontline
health workers, Prime et al. (2016) also report the importance of supporting grass-
roots innovators, such as the South African pioneers behind a 3D-printed prosthetics
company [40]. In May 2011 the founder suffered a woodworking accident severing
all the fingers on his right hand. During his recovery, he discovered that there were
no suitable finger prosthetics and that other limb prosthetics were largely unafford-
able for the everyday South African citizens. Using his engineering and
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entrepreneurial skills, he formed Robohand, a company which now produces cus-
tomizable, affordable, 3D-printed prosthetics. Impressively, the designs have been
open-sourced to decrease the barriers to access.

Critical to providing improved surgical care to underserved communities is advances
in service delivery. Prime et al. (2016) demonstrate that care providers can consider
multiple ways to achieve more with less [40]. The economies of scale approach, as
championed by Narayana Healthcare (NH) and the Aravind Eye Care System (AECS),
is a well-known model and has well-documented cost reduction benefits. However,
both NH and AECS employ several other strategies within this model to achieve their
results. For example, AECS uses a cross-subsidization strategy, where service provi-
sion is supported by revenue from manufacturing ophthalmic lenses. Ziqitza Health
Care Limited also use a cross-subsidization model; however, rather than supporting
services from a separate revenue stream, they supplement the cost of transport to public
hospitals with higher charges for those going to private hospitals [40].

A current popular organizational strategy to decrease human resource costs and
combat skills’ shortages is to adopt task shifting or task sharing, whereby tasks are
delegated, if appropriate, to less specialized health workers. For example, surgeons
operating at NH and AECS concentrate their efforts in the operating room, while the
nursing staff provides pre- and postoperative care. Prime et al. (2016) suggest that
in most cases, “task shifting” is supported by a protocol or product, which makes
the previously complex task easier and safer [40].

It is hoped that widespread system adoption of frugal innovations will contribute
to current efforts by healthcare leaders to bend the cost curve. However, like any
innovation there are enablers and barriers to the diffusion process; many of these
solutions originate from nontraditional sources, and as such we should anticipate
that the pathway for adoption will be challenging.

Barriers and Challenges to Frugal and Reverse Innovations

The Essentials

* Diffusion of innovation is complex, and learning from low-income coun-
tries is even more complicated.

* Frugal and reverse innovations face social and cognitive barriers to adop-
tion mainly associated with source.

* A culture of collaborative innovation is vital to overcome challenges to
adopting frugal innovations from low-income countries.

Diffusion of innovation in healthcare is not linear; its pathway is chaotic and thorny
[42]. The “standard” attributes of an innovation ripe for adoption should have a rela-
tive advantage, be compatible with the norms of the adopter context, be perceived
as uncomplicated with observable benefits, and, finally, hold potential for
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reinvention [43]. Creating space and time for learning, but also being able to remove
old ways of working, delayering so that new processes do not accumulate are all
important [44].

Innovations from low-income countries are developed in very different regula-
tory environments to high-income countries, and this, on its own, challenges their
spread into other contexts. However, learning from low-income countries and
adopting their innovations into high-income countries is complicated further by
issues related to social and cognitive biases associated with the source of the inno-
vation. The role of the innovator context in the spread of the innovation is an impor-
tant consideration and one which is of particular importance in reverse innovation.

Learning from and adopting innovations from low-income countries has certain
complexities arising from the fact that these countries may be considered, by some,
to be “unusual” sources of innovation [45]. There can often be preconceptions
regarding the relevance of, and likelihood that learning will come from, low-income
countries [21, 45]. A legitimate source is therefore important for innovation diffu-
sion, but little is known about how legitimacy is defined or perceived. The diffusion
of innovation literature is curiously silent on whether one’s view of the source of an
innovation matters in the diffusion process. Greenhalgh et al. (2004) mention that
the innovator context should be a “legitimate” source but then does not explain what
constitutes “legitimate” [43].

Source as Barrier

The effect of source has been well documented in the marketing literature. Bilkey and
Nes (1982) showed that consumers tend to rate products from their own countries more
favorably and that consumer preferences are positively correlated with the degree of
economic development of the source country, probably evoked by the lower price cue
of low-income country products [46]. Up to 30% of the variance of consumer product
ratings can be attributed to the product’s country of origin [47] and respective regula-
tory environments. Products developed abroad in general are perceived as “riskier”
than products developed in one’s own country. Overall, country of origin has signifi-
cant effects on consumer brand attitudes [48], and the country of origin of a product
serves as a conflated, stereotyped measure for other product attributes [47].

In practice, although much emphasis is given to assessing the quality of the
research, we know little about how we individually value the research. We may each
reach a different conclusion as to whether research presents strong evidence and
whether we consider the research useful. There is some evidence to suggest that
these issues of source may be playing out in practice in healthcare research. A rigor-
ous randomized control trial (RCT) may convince a surgeon to change a certain
practice, but may not have the same effect on a primary care physician [42].
Communities of practice develop “ways of working” (clinical, intellectual, profes-
sional) that can be relatively inaccessible to nonmembers of the group. McGivern
and Dopson (2010) refer to this as “epistemic communities” and is a barrier to the
transfer of knowledge, expertise, and experience between groups [49].
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Even in research, the issue of source may be influencing researchers’ interpretation
of evidence. Ideally, research findings ought to be judged on the strength of the evidence
and their relevance. However, there is some subjectivity involved in interpreting research
[50]. Research certainly does not “speak for itself” — we give it a voice, and how we
judge whether one piece of research constitutes evidence or not is complex and messy.
Harris et al. (2015) found that there is some evidence to suggest that the country of
origin matters in research evaluation and publication [S1]. In their randomized, con-
trolled trial, they showed that a source from a low-income country negatively influenced
US public health professors’ opinion of research abstracts in some instances. Participants
were more likely to refer one abstract, of the four abstracts that were included in the
study, to a peer if the source was from a high-income country compared to a low-income
country (OR 1.28; 95% CI 1.02-1.62), all things being equal [51]. Although the
effect size was small under experimental conditions, it may be “clinically” significant
considering how much research is published and consumed on a daily basis.

Although the regulatory contexts and practice environments are very different in
a low-income country, compared to a high-income country, at a granular level, the
differences are unlikely to be more than with any other high-income country. All
contexts will have cultural, regulatory, economic, and financial differences, and it
can be as challenging to adopt an innovation from a neighboring hospital as from
another country. In the case of reverse innovation, low-income contexts are per-
ceived to be very different, and this perception can influence one’s view of the coun-
try as a potential source of innovation. Cultural relevance is a significant issue and
is as relevant in high- to low-income country diffusion as the other way round.

How to Overcome This Challenge

Reverse innovation is a complex and fragmented process: one with no particular
institution in charge and with blurred lines between supply and demand. Following
Rogers (2003), DePasse and Lee (2013) suggest that due to these unique challenges,
reverse innovation requires a particular type of “crossover’” from low-income coun-
try early adopters to high-income country innovators [52, 53]. A culture of collab-
orative innovation will be vital to overcome challenges to adopting frugal innovations
from low-income countries. Reverse innovation requires “spannable social dis-
tances” bridged by policy makers, entrepreneurs, and health system leaders and
utilizing diverse channels such as conferences, learning collaboratives, and online
resources [53]. The actors driving this process may include innovation think tanks,
health policy organizations, and foundations, and their work is to create demand —
demand for the innovation and demand for local service providers interested
(or persuaded) to pilot or adopt the innovation. The recent emergence of “curator”
organizations that collate frugal innovations from around the world, including low-
income countries, is potentially important actors in spanning these social distances.
Curator organizations identify frugal innovations of potential value in home country
contexts and are able to identify innovations from low-income countries that are
“off the radar” of more traditional knowledge sources, such as the peer-reviewed
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medical literature. Research is needed to explore the degree to which these knowl-
edge bases help to persuade a greater adoption of healthcare innovations, whether
frugal, reverse, or otherwise. More research is needed to better understand the spe-
cific challenges related to adopting global innovations and specifically those from
low-income countries.

If we are to see greater adoption of frugal and reverse approaches, we have to
make the case that innovations from low-income countries are as legitimate as from
anywhere else. Such convincing can be achieved by supporting teams of frugal and
reverse innovation champions who are tasked and equipped to fit into the health
system. The teams can be comprised of disease identification and system champi-
ons, to evaluation of evidence of impact and cost, to overcoming regulatory and
legal barriers. A culture of collaborative innovation is vital to address the challenges
that lie ahead for effective and sustainable healthcare systems. But the dearth of
“evidence” that accompanies the diffusion potential of frugal innovations — whether
that’s because the evidence is distrusted because of its source or because of a lack
of methodological rigor — needs to be overcome through cultural change.

Conclusion

Affordable and quality healthcare is needed not only for the socially and eco-
nomically disenfranchised but also at more sustainable levels for the socially and
economically well off. In particular, surgical innovations that embody frugality
while upholding standards of quality and safety can be transformative for both
developing and developed healthcare systems. But there are challenges of lever-
aging frugal innovations from development to reverse diffusing them to high-
income countries, particularly in the healthcare sector. While global surgery can
leverage evolving models of frugal innovation for the benefit of global popula-
tions and markets, this effort also presents an opportunity for the practical and
policy discourse in frugal and reverse innovation to benefit from experimentation
and evidence collection that may inform other sectors beyond healthcare. We are
only beginning to understand these issues, and there has been some headway in
collecting evidence of the potential benefits of frugality in healthcare innovations
as well as obstacles to their adoption in LMICs. Yet we need further research on
the development, adaptation, and adoption of frugal innovations and efforts to
diffuse evidence-based policies among decision-makers worldwide to reduce
inequalities in global surgery for generations to come.
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Getting Started: Connecting to Global 1 2
Surgical Opportunities

Domenech Asbun, Lena Lea Kassab, and Horacio J. Asbun

Background

There are seemingly endless different settings across the globe in which one can
practice surgery. For individuals seeking to participate in global surgical efforts,
the general idea of volunteering abroad is bound to have appeal. In the setting of
increased global awareness of the unmet surgical need worldwide [1], the motiva-
tion for such efforts aligns with the willingness to serve that is inherent to medical
professionals. It is no surprise that interest in global surgical opportunities contin-
ues to grow [2, 3]. Surgical associations are becoming increasingly involved in
humanitarian surgical missions, and American surgical training has accredited
resident elective rotations with a focus on global surgery [4]. The structure of
these international efforts generally consists of surgeons and healthcare providers
from high-income countries (HICs) looking to mobilize resources and manpower
to aid and develop surgical capacities in low- and middle-income countries
(LMICs) [5].

Amid the excitement, it is important to consider the details that constitute differ-
ent efforts at humanitarian surgical development. It is imperative to be clear about
ones objectives, research which groups will best help achieve those objectives, and
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Be clear about your own

goals and expectations

* Goals: What are my goals, motivations, and desires?

» Ethics: Have | considered the potential for ethical pitfalls
during work abroad?

¢ Geographical location and culture: Is there a specific
location or culture that I am interested in?

¢ Time commitment: How much time can | dedicate to an
international surgical mission?

¢ Expenses: How do related expenses fit into my budget?

¢ Flexibility: How willing am I to adapt to different
situations?

* Preparedness: Am | ready?

Choose the opportunity

best suited to your
objectives

¢ Does the organizer’s mission align with my own views
and goals?

* Will this opportunity fulfill specific objectives | have?
¢ Am | comfortable with the on-the-ground details?

* How much does the program match what | am looking
for?

Fig.12.1 Questions to ask yourself and the programs you are considering

recognize how the efforts impact the local community. This understanding begins
with a good deal of introspection and is further complemented by careful selection
of a program or organization that best matches one’s objectives. Relevant questions

are further explored in the following section (Fig. 12.1).
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Be Clear About Your Own Goals and Expectations

The Essentials

* [Individuals should outline their goals and motivations.

»  Thought must be given to ethical issues surrounding global surgery.
* Preparing for a trip includes both logistic and personal preparation.

In order to know what to seek out in a program, interested individuals must assess
their personal mind-set, expectations, and level of commitment. The following
questions lead to pertinent answers.

Goals

What are my goals, motivations, and desires? How do I learn more about
global surgery, and how can I contribute? Am I primarily interested in: 1)
performing surgeries to alleviate the disease burden in underserved areas;
2) gaining clinical exposure to surgical diseases that I do not usually encoun-
ter; 3) or becoming a part of policymaking/program development in the
field of global surgery? Many programs concentrate on the clinical aspect of
volunteering abroad, especially those offering short-term involvement. However,
there are also opportunities for individuals more interested in formulating poli-
cies, gathering data for research, and other nonclinical efforts. Different factors
serve as the motivation behind both the creation of global surgery health organi-
zations and individuals’ participation with them (Fig. 12.2). Other details to con-
sider are whether one wishes to work for academic credit, be on call for disaster
response, remain at a single site versus being mobile, gain specific clinical or
procedural experience, teach a particular topic, etc. By answering these ques-
tions early, one can begin to focus and narrow the list of options.

Ethics

Have I considered the potential for ethical pitfalls during work abroad?
There are complex ethical and moral issues related to international surgical trips,
which by no means guarantee only positive impacts on local communities [5, 6].
Surgical practice in LMICs may be perceived by visitors from HICs as being less
developed or less organized and may be held to lesser standards. Those seeking
to engage in GS service are bound by a personal responsibility to uphold sound
medical ethics abroad. These include the well-known concept of non-maleficence
(“first, do no harm”) along with beneficence (medical practice should benefit the
patient) and patient autonomy when making medical decisions. Equally impor-
tant are issues surrounding the patient’s right to informed consent, dignity, and
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privacy/confidentiality. Although there are bound to be cultural barriers and dif-
ferences between the visitors and the local population, it is imperative that the
visitors seek to communicate thoroughly with the patient and fellow healthcare
providers, safeguarding their trust. The visitors must “seek to understand before
seeking to be understood” and realize that a cultural difference in practice or
mentality does not indicate an inferior practice or mentality. Visitors must also
maintain up-to-date knowledge and technical skills to provide the standard of
care, contingent upon local resources. Simply put, the high standards of practic-

ing medicine in HICs must be upheld in LMICs.

Geographical Location and Culture

¢ Is there a specific location or culture that I am interested in? How comfort-
able am I in different cultural settings? Although global surgical initiatives are
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inherently altruistic, one should not shy from considering interests that are more
personal in nature. Surgical mission trips should include a component of bidirec-
tional learning in which the volunteer contributes to development and also gains
from the experience. Seeking out a particular culture or region of interest can
potentiate this learning. Furthermore, a baseline knowledge and understanding
of a culture can be a valuable addition to a team of visitors.

Time Commitment

* How much time can I dedicate to an international surgical mission? Am I
looking to be involved in the short or long term? It is important to be realistic
about the time one is able and willing to dedicate to a global surgical trip.
International efforts with a focus on self-sustainable developments in infrastruc-
ture and surgical capabilities are generally advocated over shorter mission trips
centered on performing surgeries during a limited time and then departing. The
former is considered a more durable way to create change and has been shown to
be more cost-effective. However, the latter can still be beneficial if there are no
better options [5, 7, 8]. There are many short-term (a few weeks) opportunities in
programs dedicated to implementing long-lasting developments, but individuals
should realize that the ability to substantiate greater changes is generally related
to longer time commitments.

Expenses

¢ How do related expenses fit into my budget? What resources do I have avail-
able to raise funds if needed? It is hard to predict the cost associated with
individual involvement in global surgical efforts. Expenses vary widely depend-
ing on the scope of the trip, the location, and the level of involvement of the
individual. One study investigating costs associated with four Operation Smile
mission trips in India found that the largest expense was air travel, accounting for
48.8 % of the total expenses [9]. One can generally expect that air travel will be
one of the single most significant expenses for individuals involved in surgical
mission trips. Attention must also be paid to other expenses related to preparing
for a trip (purchasing equipment, paying for visas, payments to organizations),
expenses during a trip (food, lodging, local travel, management of ongoing
expenses at home), and unplanned expenses (prolonged stays, emergency
flights).

Flexibility
¢ How willing am I to adapt to a situation that may be physically uncomfort-

able, require long hours of work, and pose unseen challenges? Am I willing
to work in a country or setting that differs from what I originally envisioned?
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One can benefit much from developing the ability to adapt to unusual environ-
ments and unexpected circumstances. It is impossible to know definitively what
specific situations will be encountered during humanitarian work, and often
details are different than anticipated. The safety of the team should always be a
priority, but other basic comforts such as running water, electricity, and a comfort-
able place to sleep may be difficult to secure. Past travel experience, mental pre-
paredness prior to travel, and adequate social support will all influence a person’s
ability to adapt to unusual or stressful circumstances. Individuals should earnestly
consider to what degree they are willing to accept these uncertainties and discom-
forts and keep those thoughts in mind when considering a list of service options.

Preparedness

Am I ready? What adjustments do I need to make in my personal life? Take
time to consider issues that may arise after a prolonged absence from home.
These issues may arise from responsibilities to people, work, school, pets, etc.
Be sure to make necessary arrangements well in advance. The arrangements
should be flexible to accommodate any possible unexpected circumstances.
Assure up-to-date passports with sufficient pages, necessary vaccinations,
weather- and culture-appropriate clothing, other supplies for travel and daily liv-
ing, etc. Many surgical residents arrange for elective rotations with accreditation
from the Accreditation Council for Graduate Medical Education (ACGME) (fur-
ther discussed below), and arrangements often take months to complete.

Identify Your Strengths

Individuals may possess certain qualities that can contribute significantly to a
group involved in global surgery initiatives. These include linguistic abilities,
cultural sensitivity and awareness, ability to work with others, professionalism,

v Realistic, deep-seated motivation to contribute to the program’s success

v" Technical capabilities/specialized training in an area useful to the ultimate mission

of the visiting group

v" Team player, maintains ultimate goals of the team as central priorities

v" Adaptability to unusual environments

v" Has access to appropriate social and emotional support

v Foreign language capabilities, and a thorough understanding of certain cultures

v" Availability for future endeavors in local community or other similar settings

Fig.12.3 Qualities that serve as assets during international work
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and potential to contribute to long-term or future endeavors. If appropriate, these
qualities can be emphasized when applying to work with international groups, as
they become assets during international work (Fig. 12.3).

Choose the Opportunity Best Suited to Your Objectives

The Essentials

o Explore the details surrounding global surgical opportunities.

* Relate these findings to the personal objectives and viewpoints previously
determined.

There are likewise specific questions worth asking about the program or organiza-
tion responsible for the mission abroad.

Program Details

My Goals vs Organizer’s Goals

¢ Does the organizer’s mission align with my own goals? Does its approach to
humanitarian outreach align with my own views? An understanding of how
different organizations approach surgical development is important, as it will
define expectations. Individuals should review and scrutinize an organization’s
mission statement, website, informational literature, and testimonials from those
who have worked with the group. The answers to the ethics questions above must
be kept in mind and used as a litmus test for determining if one agrees with an
organization’s outlook.

Will It Fulfill My Objectives?

e Will this opportunity fulfill specific objectives I have? These objectives may
include contributing to a specific philanthropic cause, gaining academic credit,
gathering data for research, establishing a relation with a major organization,
learning a language, etc. It may be useful to make a list of priorities and decide
which opportunities accomplish the most important goals. It is also helpful to
determine which goals one is willing to forfeit, if necessary.

» For surgical residents looking to gain academic credit for an international elec-
tive rotation, the ACGME has outlined specific requirements that are available
online at www.acgme.org [4]. The application process includes multiple require-
ments, including verification that the facility can provide a 2-week rotation with
evaluation of the resident’s performance, which includes an outpatient experi-
ence, and that the trainee will have access to educational resources (library,
online resources, etc.).


http://www.acgme.org
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Comfort Level

¢ Am I comfortable with the on-the-ground details? This pertains to an indi-
vidual’s assessment of flexibility and analyzes the proposed living situation,
work environment, and travel details. One should also examine how the group
interacts with the local community, the size of the group, and efforts to integrate
into the local culture and economy. These details have a direct effect on the expe-
rience of the visitors.

* How much does the program match what I am looking for? This should be a
final recapitulation of the information gathered about a specific opportunity in
global surgery. Individuals should compare and contrast various programs at once.
It is best to keep many viable options open and understand that there are always
benefits to an experience that one can only discover after commencing the work.

Dos and Don’ts

The Essentials

* Approach different cultures with an open mind, and attempt to understand
different perspectives.

* Maintain a respectful attitude toward cultural and social differences.

* Be aware of the possibility of mistrust and corruption.

Don’t Patronize

Often the hardest prejudices to eliminate are also the subtlest. The visiting group
must reflect on its own perspectives and be sure to avoid a patronizing attitude
toward the local group, which may be unintentional or difficult to identify.
Regardless of the experience and expertise of the members of the visiting group,
there are always opportunities for growth and learning for members of all parties
involved. The more open that visitors are toward new information and bidirectional
learning, the more beneficial the interaction will be.

Do Learn Medical Politics and Local Culture

Adequate research is paramount, as is always maintaining a curious and open mind.
The visiting organization should have a thorough understanding of how the local
government functions, how knowledge is disseminated, and how locals perceive
foreign involvement in healthcare. It is also important to seek out and understand
subtle cultural differences early on in the trip. Other subtle nonmedical cultural dif-
ferences are important to learn early in the process. For example, people of certain
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cultures may be drawn toward someone who uses physical contact to communicate
agreement and amiability, while others may find it unpleasant or offensive. Directly
asking questions as to how certain things are perceived, no matter how trivial, may
be the only way to fully gauge their general receipt.

Don’t Assume Perceived Needs Always Match Real Needs

Although programs are set up in HICs to address specific issues in LMICs, the local
perception of problems in the LMICs may be different from what the visiting sur-
geons believe. Possible discrepancies between what different groups think are
important. They must be sought out early and addressed directly to avoid miscon-
struing of the intent behind international efforts.

Do Maintain a Small, Healthy Dose of Skepticism

Identifying motivation for international projects and partnerships is as important as
qualifying the type of motivation. Typically, surgeons from HICs represent the
visiting group and the locals contacted are from LMICs. The disparities present in
surgical capabilities between the two groups often mirror other stark differences in
economic well-being and lifestyle between the two groups. Some agenda oriented
toward monetary gain is a very real possibility that cannot be ignored. When
assessing the amount of motivation in the local group, it is important to assure that
the ultimate goal is to improve surgical care in their community. Personal gain as
the main driving force may be present at any level of an organization, and the
aforementioned disparities may attract individuals with less noble intentions. A
certain degree of suspicion is justifiable to better assure that the members of the
local group have full commitment to benefit their community and share what they
have learned.

Acknowledge Corruption

Corruption is a problem endemic to healthcare systems across the globe. The com-
prehensive Global Corruption Report 2006 released by Transparency International
estimated that “hundreds of billions of dollars” from the funds spent on health
worldwide are lost to corruption every year [10]. This affects countries at all levels
of income and is conducted by people at all levels of society, from centralized gov-
ernments to individual practitioners or patients.

A history of corruption in an area and its setting should be understood. The
details are incorporated into the information gathered on a given site or country.
Instead of being considered objectively wrong, in many places bribery or fraud may
be seen as an unavoidable part of the socioeconomic system. In such settings one
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may consider such practices to be the local norm or a means to an end. However, the
visiting group should not readily accept or be part of it and should instead look for
solutions to deal with corrupt practices. In the setting of limited funds — as applies
to most surgical missions abroad — it is unacceptable to sacrifice financial sustain-
ability on the basis of acceding to corrupt customs. Doing so also contradicts efforts
to have a positive influence on the local community.

Specific Global Surgical Opportunities

The Essentials

» [nternational surgical programs offer work in many different settings,
including academic partnerships, as part of higher education, short- and
long-term volunteering, and disaster relief.

o There are countless different organizations coordinating surgical trips
abroad; consider the many options thoroughly before making a
commitment.

» There are abundant opportunities within the United States to contribute to
the needs of underserved American communities.

The search for a program that can best fit ones expectations can be confusing and
complex. One option is to turn to major academic centers, residency programs, and
surgical societies. For example, the American College of Surgeons website for
Operation Giving Back serves as a comprehensive resource for physicians seeking
involvement in surgical volunteer opportunities [11].

Academic Partnerships

In response to the growing acknowledgment of the global surgical disease burden,
many academic medical centers have established affiliation with teaching hospitals
in LMICs. These partnerships have served not only to promote development of sur-
gical capabilities but also to promote bidirectional educational experiences, research
collaborations, and development of cultural, social, and economic understanding.
They can foster longitudinal commitment to development in an area, prioritizing
local education over that of the visitors, and provide a framework of promoting
surgical development that may be useful for wider application in the future [12].
Examples of academic partnerships include Harvard with Partners in Health in Haiti
and Rwanda; Massachusetts General Hospital and Mbarara Regional Referral
Hospital in Uganda; University of California, San Francisco (UCSF), with the
Bellagio Essential Surgery Group and with Makerere in Uganda; Vanderbilt with
Kijabe Hospital in Kenya and with Baptist Medical Group in Nigeria; and the
University of Toronto with the Ministry of Health in Botswana.
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Surgical Residency Electives

International electives for surgery residents in the United States have been shown to
benefit residents’ education and are associated with increased interest in interna-
tional work after residency [13, 14]. A study conducted in late 2013 found 21 of 246
general surgery residency programs offered global health training programs [15].
Of these, 14 programs offered elective-based activities (<6 weeks), 12 offered
research programs, 5 offered extended curriculum-based training (>6 weeks), and 2
offered “other activities.” Programs were established in most World Health
Organization regions of the world. A survey in 2015 found the overall number
increased to 34 surgery residency programs offering global surgery rotations, with
25 of them being approved by the ACGME [16].

Although under more constraints than some other global surgery opportunities,
surgical electives are excellent options for surgical residents who are interested in
furthering their understanding of global surgery and want to contribute to surgical
development where it is most needed. Residents are referred to the ACS Operation
Giving Back website for a comprehensive list of current electives listed: http://
www.operationgivingback.facs.org/content2271.html.

Options for Non-American Surgeons
Surgeons with residence and nationality outside of the United States have a hand-

ful of options regarding organizations that coordinate global surgical efforts
(Table 12.1) [11].

Table 12.1 Some organizations in the United States that coordinate global surgical efforts [11]

Organization Website URL

China Mission http://china-mission.org
Community Coalition for Haiti http://cchaiti.org

CURE International www.cureinternational.org
Doctors On Call for Service www.docs.org

Global ENT Outreach www.geoutreach.org
Global Medical Foundation www.globalmedicalfoundation.org
Healing the Children — Southwest Chapter www.htcsw.org
International Medical Assistance WWW.ima-missions.org
Medical Ministry International www.mmint.org

Operation Smile www.operationsmile.org
Palestine Children’s Relief Fund www.pcrf.net

Partnership in Mission www.paxjoliet.org/missions
Rotaplast International www.rotaplast.org

Society of Philippine Surgeons in America www.spsatoday.com
Solidarity Bridge www.solidaritybridge.org
Surgical Volunteers International www.surgicalvolunteers.org



http://www.operationgivingback.facs.org/content2271.html
http://www.operationgivingback.facs.org/content2271.html
http://china-mission.org/
http://cchaiti.org/
http://www.cureinternational.org
http://www.docs.org
http://www.geoutreach.org
http://www.globalmedicalfoundation.org
http://www.htcsw.org
http://www.ima-missions.org
http://www.mmint.org
http://www.operationsmile.org
http://www.pcrf.net
http://www.paxjoliet.org/missions
http://www.rotaplast.org
http://www.spsatoday.com
http://www.solidaritybridge.org
http://www.surgicalvolunteers.org
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Table 12.2 Some organizations that specialize in the field [17]

Organization

Website URL

Relief Web

www.reliefweb.int

The Center for International Disaster Information

www.cidi.org

The Center for International Humanitarian
Cooperation

www.cihc.org

The Harvard Humanitarian Initiative (HHI)

http://hhi.harvard.edu

International Committee of the Red Cross (ICRC)

www.icrc.org

International Medical Surgical Response Team
(IMSuRT)

http://www.phe.gov/Preparedness/
responders/ndms/teams/Pages/imsurt.aspx

InterAction

www.interaction.org/work/disaster-response

The Sphere Project/Sphere Handbook

www.sphereproject.org/content/view/27/84

Society of Critical Care Medicine: Disaster
Resources

www.sccm.org/Disaster/Pages/default.aspx

Urban Humanitarian Response Portal

www.urban-response.org

Disaster Relief

Being part of the immediate medical response to disasters provides a unique work-
ing environment. Individuals involved are usually part of an organization that
responds to major disasters within a certain area or globally. The need for surgeons
is unpredictable, and as such physicians involved must be flexible and highly
adaptable to different situations. Disaster response situations are generally more
dangerous and stressful than other more planned trips, and extra preparation is
necessary for safe and efficient participation. For those interested in disaster relief,
the resources in Table 12.2 can provide access to information and organizations
that specialize in the field [17].

Other Organizations Involved in Global Surgical Development

The number of organizations facilitating international surgical missions is con-
stantly changing. Table 12.3 is a list of a large number of organizations with activity
throughout the world, in all surgical specialties.

Domestic Unmet Needs: Opportunities to Contribute
Within the United States

An analysis of surgical capabilities within the United States in 2009 found that over
4,500,000 Americans live in a predefined Health Service Areas (constructed using
ZIP codes and Medicare data) without surgeons [18]. These needs have been detailed
in interactive maps which can be found here: http://www.acshpri.org/maps.html.


http://www.acshpri.org/maps.html
http://www.reliefweb.int
http://www.cidi.org
http://www.cihc.org
http://hhi.harvard.edu/
http://www.icrc.org
http://www.phe.gov/Preparedness/responders/ndms/teams/Pages/imsurt.aspx
http://www.phe.gov/Preparedness/responders/ndms/teams/Pages/imsurt.aspx
http://www.interaction.org/work/disaster-response
http://www.sphereproject.org/content/view/27/84
http://www.sccm.org/Disaster/Pages/default.aspx
http://www.urban-response.org
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Table 12.3 Organizations with activity throughout the world in all surgical specialties

Organization

Website URL

A Glimmer of Hope

www.aglimmerofhope.org

Adventist Development and Relief Agency

www.adra.org

Africa Inland Mission

WWW.aim-us.org

Amazon-Africa Aid Organization (3A0)

www.amazonafrica.org

American Refugee Committee

www.archq.org

Ann Foundation Inc.

www.annfoundation.org

Bairo Pite Clinic

http://bairopiteclinic.tripod.com

Board of World Mission of the Moravian
Church

http://mcnp.org

Cameroon Baptist Convention Health Board

http://www.cbchealthservices.org

CardioStart International

www.cardiostart.org

Catholic Medical Mission Board

www.cmmb.org

CB International

www.cbi.org

CHANGE

http://www.changeinc.org

Child Family Health Institute

www.cthi.org

Children’s Cross Connection, International

www.cccinternational.org

Children’s Surgery International

www.childrenssurgeryintl.org

China Mission

www.china-mission.org

Christian Medical & Dental Associations/
Global Health Outreach

www.cmds.org

Clinica Evangelica Morava, Ahuas,
Honduras

http://www.ahuasclinic.com

Commission on Overseas Missions.
Mennonite Church

http://www.mennonitemission.net

Commonwealth Health Center

www.mtccnmi.com/community/CHCSaipan/
hospital.htm

Community Coalition for Haiti

www.cchaiti.org

CRUDEM Foundation www.crudem.org
Curamericas WWW.curamericas.org
CURE International WWW.cure.org

DePauw University Winter Term in Service

www.depauw.edu/univ/hartman/wtis.htm

Doctors of the World

www.doctorsoftheworld.org

Doctors on Call for Service Foundation

www.docs.org

Doctors Without Borders
(Medecins sans Frontieres)

www.doctorswithoutborders.org

Esperanca

www.esperanca.org

Evangelical Free Church

www.efcm.org

FAMI (Filipino-American Medical Inc.)

www.ifami.org

FIENS Foundation for Int’l Ed in Neuro
Surgery

www.fiens.org

Friends of Good Samaritan

www.test.friendsgoodsamaritan.org

Friends Without a Border

www.fwab.org

Fundacao Esperanca

www.amazonafrica.org



http://www.aglimmerofhope.org/
http://www.adra.org/
http://www.aim-us.org/
http://www.amazonafrica.org/
http://www.archq.org/
http://www.annfoundation.org/
http://bairopiteclinic.tripod.com
http://mcnp.org
http://www.cbchealthservices.org
http://www.cardiostart.org/
http://www.cmmb.org/
http://www.cbi.org/
http://www.changeinc.org
http://www.cfhi.org/
http://www.cccinternational.org/
http://www.childrenssurgeryintl.org/
http://www.china-mission.org/
http://www.cmds.org/
http://www.ahuasclinic.com
http://www.mennonitemission.net
http://www.mtccnmi.com/community/CHCSaipan/hospital.htm
http://www.mtccnmi.com/community/CHCSaipan/hospital.htm
http://www.cchaiti.org/
http://www.crudem.org/
http://www.curamericas.org/
http://www.cure.org/
http://www.depauw.edu/univ/hartman/wtis.htm
http://www.doctorsoftheworld.org/
http://www.docs.org/
http://www.doctorswithoutborders.org/
http://www.esperanca.org/
http://www.efcm.org/
http://www.ifami.org/
http://www.fiens.org/
http://www.test.friendsgoodsamaritan.org/
http://www.fwab.org/
http://www.amazonafrica.org/
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Table 12.3 (continued)

Organization

Website URL

Global Pediatric Surgery

www.stage.globalpaediatricsurgery.org

Global Volunteers

www.globalvolunteers.org

Grace Ministries International

WWW.gracem.org

Hackett Hemwall Foundation

www.hacketthemwall.org/welcome.html

Hands Together

www.handstogether.org

HBS Foundation, Inc./Hopital Bon
Samaritain

www.hbslimbe.org

Healing the Children Midlantic

www.users.nac.net/htcmid

Healing the Children Northeast

www.htcne.org

HealthCare Nepal

www.healthcarenepal.org

Health Teams International

www.healthteamsintl.org

Health Volunteers Overseas

www.hvousa.org

Hillside Health Care Center, Belize

www.hillsidebelize.net

Honduras Outreach, Inc.

www.hoi.org

Hope Worldwide

www.HOPEww.org

Hopital Albert Schweitzer Haiti

www.hashaiti.org

Hospital San Carlos

www.hospitalsancarlos.org

Interactive Voluntary Development Network
(IVDN)

www.intvolnetorg.org

Intercristo

www.jobleads.org

International Cooperation for Development

www.ciir.org

International Health Exchange (IHE)

www.ihe.org.uk

International Medical Assistance

www.chosenima.org

International Medical Corps

www.imc-la.org

International Service Learning

www.ISLonline.org

International Relief Teams (IRT)

www.irteams.org

International Rescue Committee Overseas

www.intrescom.org

Interplast www.interplast.org
IVUmed www.ivumed.org

Lalmba Association www.lalmba.org

LIGA International www.ligainternational.org

Medical Ministry International

www.medicalministrytrips.org

MEDICO (Medical, Eye and Dental
International Care Organization)

www.medico.org

Mercy Ships

www.mercyships.org

Mexican Medical Ministries

www.mexicanmedical.com

Maryknoll Mission Association of the
Faithful

www.maryknoll.org

Medecins sans Frontieres (Doctors Without
Borders)

www.doctorswithoutborders.org

Medical Benevolence Foundation

www.mbfoundation.org

Medical Ministry International

Www.mmint.org

Medicine for Peace

www.medicineforpeace.org

Mexican Medical Ministries

www.mexicanmedical.com



http://www.stage.globalpaediatricsurgery.org/
http://www.globalvolunteers.org/
http://www.gracem.org/
http://www.hacketthemwall.org/welcome.html
http://www.handstogether.org/
http://www.hbslimbe.org/
http://www.users.nac.net/htcmid
http://www.htcne.org/
http://www.healthcarenepal.org/
http://www.healthteamsintl.org/
http://www.hvousa.org/
http://www.hillsidebelize.net/
http://www.hoi.org/
http://www.hopeww.org/
http://www.hashaiti.org/
http://www.hospitalsancarlos.org/
http://www.intvolnetorg.org/
http://www.jobleads.org/
http://www.ciir.org/
http://www.ihe.org.uk/
http://www.chosenima.org/
http://www.imc-la.org/
http://www.islonline.org/
http://www.irteams.org/
http://www.intrescom.org/
http://www.interplast.org/
http://www.ivumed.org/
http://www.lalmba.org/
http://www.ligainternational.org/
http://www.medicalministrytrips.org/
http://www.medico.org/
http://www.mercyships.org/
http://www.mexicanmedical.com/
http://www.maryknoll.org/
http://www.doctorswithoutborders.org/
http://www.mbfoundation.org/
http://www.mmint.org/
http://www.medicineforpeace.org/
http://www.mexicanmedical.com/
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Table 12.3 (continued)

Organization

Website URL

Mountain Mover’s Mission International

WWW.mountainmovers.org

Nicaraguan Children’s Fund

www.nicachildfund.com

Northwest Medical Teams International

www.nwmedicalteams.org

Omni-Med

www.omnimed.org

Operation Blessing

www.ob.org

Operation Rainbow

www.operationrainbow.org

Operation Smile

www.operationsmile.org

Palestine Children’s Relief Fund

www.pcrf.net

Partnership in Mission

www.paxjoliet.org/missions

Peacework

www.peacework.org

Physicians for Peace

www.physiciansforpeace.org

Pioneers

WWwWw.pioneers.org

PRAY (Project Rescue of Amazon Youth)

WWwWw.praymission.com

Project AmaZon (formerly PAZ

WWW.projectamazon.org

International)

Project HOPE www.projhope.org

RAO Hospital www.raocoop.org/hospital.html
Red Cross www.icrc.org

Rotaplast International

www.rotaplast.org

RSVP (Reconstructive Surgeons Volunteer
Program)

www.plasticsurgery.org

SEE International (Surgical Eye
Expeditions International)

www.seeintl.org

Seventh-Day Adventists Church World
Headquarters

www.health20-20.org

The Simeus Foundation

www.simeusfoundation.org

Society of Philippine Surgeons in America

www.spsatoday.com

Solidarity Bridge

www.solidaritybridge.org/#sbhome

South American Missionary Society of the
Episcopal Church (SAMS)

www.episcopalian.org/sams

St. Jude Hospital

www.stjudehospitalslu.org

Surgical & Medical Assistance Relief Teams

WWwWw.teresasearcy.wix.com/smart

Surgical Volunteers International

http://www.surgicalvolunteers.org

Surgicorps International

WWW.surgicorps.org

TEAM (The Evangelical Alliance Mission)

www.teamworld.org

Uplift Internationale

www.upliftinternationale.org

Vellore Christian Medical College Board
(USA), Inc.

www.vellorecmce.org

Volunteer Missionary Movement

www.vinmusa.org

VSO Canada — Voluntary Service Overseas

www.vsocanada.org

Wesleyan World Missions

www.mgonet@wesleyan.org

World Medical Mission

wwWw.samaritanspurse.org

World Mission Prayer League

www.wmpl.org

World Surgical Foundation

www.worldsurgicalfoundation.org



http://www.mountainmovers.org/
http://www.nicachildfund.com/
http://www.nwmedicalteams.org/
http://www.omnimed.org/
http://www.ob.org/
http://www.operationrainbow.org/
http://www.operationsmile.org/
http://www.pcrf.net/
http://www.paxjoliet.org/missions
http://www.peacework.org/
http://www.physiciansforpeace.org/
http://www.pioneers.org/
http://www.praymission.com/
http://www.projectamazon.org/
http://www.projhope.org/
http://www.raocoop.org/hospital.html
http://www.icrc.org/
http://www.rotaplast.org/
http://www.plasticsurgery.org/
http://www.seeintl.org/
http://www.health20-20.org/
http://www.simeusfoundation.org/
http://www.spsatoday.com/
http://www.solidaritybridge.org/#sbhome
http://www.episcopalian.org/sams
http://www.stjudehospitalslu.org/
http://www.teresasearcy.wix.com/smart
http://www.surgicalvolunteers.org
http://www.surgicorps.org/
http://www.teamworld.org/
http://www.upliftinternationale.org/
http://www.vellorecmc.org/
http://www.vmmusa.org/
http://www.vsocanada.org/
http://www.mgonet@wesleyan.org/
http://www.samaritanspurse.org/
http://www.wmpl.org/
http://www.worldsurgicalfoundation.org/
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Table 12.4 Some organizations providing humanitarian surgical relief within the United States [19]

Organization Website URL

Access OC WWW.accessoc.org
Arlington Free Clinic www.arlingtonfreeclinic.org
Beach Health Clinic www.beachhealthclinic.org
Chesapeake Care www.chesapeakecare.org

CommunityHealth

www.communityhealth.org

Defense Medical Readiness Training
Institute

www.dmrti.army.mil

Fresh Start Surgical Gifts

www.freshstart.org

Good Samaritan Health and
Wellness Center

www.goodsamhwc.org

Health Care Access Clinic

www.healthcareaccess.org

Judeo Christian Health Clinic

www.judeochristianhealthclinic.org

Mission Cataract USA

WwWwWw.missioncataractusa.org

Operation Access

Www.operationaccess.org

Operation Blessing

wWww.ob.org

Physicians’ Innovation Network

www.physiciansinnovation.org

Primary Care Access Network

WWWw.pcanorangecounty.com

St. Elizabeth’s Health Center

www.ccs-soaz.org/St.-Elizabeth-s-Health-Center.html

Surgery on Sunday

www.surgeryonsunday.org

This necessity for surgical capacity is the focus of many humanitarian organizations.

(Table 12.4). [19]

Conclusion

International efforts to further global surgical capacities continue to gain momen-
tum, and it is as opportune a time as ever to become involved. Participation in such
opportunities takes careful planning, a thorough understanding of the ethics of
volunteerism, and an open mind. There are myriad global surgery resources avail-
able, and individuals are encouraged to spend time investigating their options.
Through hard and intelligent work, both the visiting and the local group can enjoy
the fulfillment of contributing to surgical development in areas of need.
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Introduction

General surgical conditions span a wide variety of disease states. This chapter will
focus on emergent or urgent general surgical conditions and their management in
low- and middle-income countries (LMICs). In resource-limited settings, barriers
to care are significant and include acceptability, accessibility, availability, and
affordability. Patients often present in late stages of their disease states, which
impacts perioperative considerations and management. Providers are often
required to diagnose surgical conditions without the laboratory and imaging stud-
ies that are typically used in high-resource settings. It is prudent to understand
available resources, drugs, personnel, instruments, supplies, blood, and postop-
erative care setting, and factor these into decision-making. It is also vital to under-
stand the local context and culture. Situational ethics often come into play for
procedures that carry possible reproductive consequences, amputations, and
informed consent. The primary decision-maker must be identified and may include
a male spouse (especially for procedure with reproductive consequences), family
elder, or village leader. Additional factors such as the financial obligations of the
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patients for the care must be taken into consideration. Often, patients will be
asked to purchase and obtain supplies for a procedure including drugs, IVs,
sutures, and dressings as well as pay a fee upfront for any care. Patients and their
families’ decision-making can include declining lifesaving procedures due to
financial constraints. Practicing general surgery in the global setting requires full
consideration of all elements to successfully treat each patient; contextual under-
standing is vital in this process.

Initial Assessment of the Surgical Patient

The history and physical exam is of primary importance in the global setting as
laboratory and imaging resources may not be available to aid in the diagnosis. Key
portions of the history for all general surgery patients include, but are not limited to,
nutritional status, HIV status, diabetic history, and social considerations such as
ability to adhere to treatment or follow-up. It is also common that patients present
with anemia due to chronic conditions making a preoperative hemoglobin of
7-8 gm/dl not uncommon. This must be factored into operative decision-making.
These and other conditions/factors may impact the surgical care and outcomes of
each patient.

Differential Diagnosis

An expanded differential is important to consider in these settings, as conditions
are often encountered in limited resource settings that are not commonplace in
Western practice. Differential diagnoses must include consideration of surgical
manifestations of infectious diseases and presentations of diseases in a younger
age group than commonly seen in the developed world. These conditions may be
far along in their disease state, and more urgent surgical intervention may be
required.

Procedures

For all invasive procedures, it is imperative to keep in mind that patients may
have diseases that can be transmitted through needlestick or other bodily fluid
exposure. Patients in some LMICs may have a much higher incidence of dis-
eases such as TB and HIV; therefore, it is the surgeon’s responsibility to make
sure that they and their team are as prepared as possible. Personal protective
equipment is not as readily available in many settings, so consideration should
be given to bringing eye protection, N-95 masks, and needlestick prophylaxis
kits for HIV.
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Skin and Soft Tissue

The Essentials

e Subcutaneous abscesses, pyomyositis, and intramuscular abscesses are
common.

* Many patients are malnourished and may be immunocompromised.

e Use of ultrasound is valuable to differentiate cellulitis, abscess, and
pyomyositis.

Infectious soft tissue conditions comprise a larger surgical burden in LMICs com-
pared to high-income settings where antibiotics and primary care are more readily
available. In LMICs, patients have frequent injuries from walking without shoes and
farming activities. In LMICs, deeper infections and multifocal locations are more
commonly seen. A common pitfall is incomplete drainage and irrigation of abscess
cavities.

Abscess

Compared to high-income settings, there is a larger etiology of soft tissue abscesses
in LMICs, and many organisms can be involved. Patients often present with pain,
tenderness, warmth, and swelling at the site of infection. Laboratory studies are
often not required for diagnosis; though the use of ultrasound (US) can help distin-
guish between a superficial abscess and pyomyositis. It is also more common to see
abscesses in young children, often in the neck or head area (Fig. 13.1). Adequate
incision and drainage with copious irrigation is the mainstay of treatment. Decisions
about use of local anesthetics, conscious sedation, or general anesthesia need to be
made on a case-by-case basis. Often the site of the incision can be determined by
palpation of fluctuance or the point of maximal tenderness, but US can assist
in locating the cavity as can needle aspiration. If possible, send the fluid for culture.

Fig.13.1. (a, b) Show an abscess of the right neck of two children. (¢) Shows an abscess of the
posterior scalp of a child
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The most common organisms are Streptococcus and Staphylococcus, and starting
antibiotics before or after drainage can assist in resolution. Though wound care is
difficult in LMICs, a common pitfall is making the incision too small and not ade-
quately breaking up and draining the cavity. To ensure continued drainage, place-
ment of a drain and use of a cruciate incision can be useful. Close follow-up exams
and wound care are needed initially to ensure resolution. If the abscess cavity is
completely drained and surrounding cellulitis resolved, continued antibiotics are not
warranted. If a patient does not improve, re-exploration of the wound is required [1].

Pyomyositis

The Essentials

* Pyomyositis is an infection of the skeletal muscle.

» Other considerations: infected hematoma post trauma.

* Diagnosis: tense painful muscle — aspiration and/or US can be helpful.
* Treatment: systemic antibiotics and drainage of the muscular abscess.

Definition

Pyomyositis, also known as tropical pyomyositis or myositis tropicans, is a bacterial
infection of the skeletal muscles that eventually results in a pus-filled abscess. It can
account for approximately 5% of hospital admissions in tropical areas, and in
patients with HIV, the incidence can be as high as 31% [2]. S. aureus is the most
common organism cultured, but other organisms including streptococci and gram
negatives can also be responsible. It is also not uncommon to have “sterile pus” and
no organisms identified [2]. The etiology is not well characterized and is thought to
be possibly due to hematogenous spread of bacteria to a muscle area that may have
been damaged by previous trauma, parasite infection, or malnutrition that allows for
bacterial growth in skeletal muscle which is typically infection resistant.

Signs and Symptoms

The muscles most commonly affected are the quadriceps, glutei, pectoralis major,
serratus anterior, biceps, iliopsoas, gastrocnemius, abdominal, and spinal muscles
[3]. Typically a single muscle group is infected, but patients can present with infec-
tion in more than one site up to 20% of the time [4]. The disease presents in three
stages depending on the time to presentation to the clinic or hospital [5].

Stage I: This is characterized by systemic complaints of fever, malaise, and mus-
cle pain and swelling. The muscle group may feel woody and indurated. There is no
overlying cellulitis and no abscess can be palpated or seen on ultrasound. If recog-
nized at this stage, oral antibiotics with good staph coverage may treat the infection,
but patients should be monitored because abscess formation is still possible.
Approximately 2% present at this stage.
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Stage 2: Almost 90% of patients present in this, the suppurative phase. It is typi-
cally 1-3 weeks after the initial presentation of muscle pain and is characterized by
fever, exquisite muscle tenderness, and edema. The muscle over the abscess is tense
and painful. But there is often no erythema visible and no skin signs of the deep-
seated infection making the diagnosis of deep abscesses challenging. Aspiration
with or without ultrasound typically demonstrates pus and confirms the diagnosis.
If left untreated, the infection can progress to sepsis and bacteremia.

Stage 3: This is the least common presentation and is characterized by systemic
toxicity from untreated worsening muscle infection, bacteremia, and septic shock
and its attendant complications.

Diagnostic Tests

Needle aspirate the muscle group at the site of maximal firmness. Since the abscess
is usually quite deep, a longer needle may be necessary to reach the cavity.
Ultrasound can be helpful to identify if a deep abscess is present and assist during
aspiration.

Special Considerations

Have a high index of suspicion in HIV-positive patients; if no abscess is present on
presentation, patients should be observed on antibiotics for a few days to make sure
that an abscess does not form.

Treatment

Administer systemic antibiotics with excellent staph/strep coverage combined with
incision and drainage of the abscess. Traditionally, surgical incisions were done to
allow packing of the cavity, but now with the experience of successful percutaneous
drain placement via radiographic guidance in high-resource settings, it is time to
consider the use of smaller incisions to allow for drain placement and removal of all
pus in the low-resource setting. If the abscess responds to drain placement via an
incision, this would save the difficulty of handling an open wound in the low-
resource environment. If the patient did not improve, then more extensive incision
and drainage could be done.

Necrotizing Soft Tissue Infections

Necrotizing soft tissue infections are most often caused by mixed gram-negative
and gram-positive organisms, often gas producing, which are rapidly evolving and
can quickly track either in the subcutaneous space or along fascial planes (fasciitis)
and even involve the muscle. On physical exam, the characteristic finding is pain out
of proportion to what would be expected, especially when not directly over the obvi-
ous site of infection. Crepitus over the involved tissue, and gas on plain x-ray imag-
ing, is diagnostic of a necrotizing soft tissue infection that requires prompt attention.
Other skin changes such as necrotic areas and bullae can also be present. Necrotizing
infections often require extensive tissue debridement to healthy tissue, though even
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with these measures, septic shock is the most common cause of death. In LMICs,
full laboratory services are likely not readily available so reliance on history and
physical exam will guide diagnosis and management. When in doubt, an operative
exploration is indicated to distinguish between cellulitis and a necrotizing soft tis-
sue infection. Care for these patients can be very challenging in resource-limited
environments due to the lack of critical care and ventilation capabilities. Such
resource limitations may factor into survivability of the patient and should be dis-
cussed with the family.

Treatment should commence with immediate broad-spectrum systemic antibiot-
ics to cover both gram-positive and gram-negative organisms. Older medications
such as penicillin G, clindamycin, and gentamycin are effective agents and should
be administered if the more modern antibiotic regimens with extended spectrum
penicillins and vancomycin are not available. Simultaneous fluid resuscitation with
isotonic crystalloids should be administered while setting up the operating room for
an emergent debridement. It is imperative to remove all involved skin, soft tissue,
and when involved the fascial layer and involved muscle. Tissue usually has a gray-
ish discoloration and does not bleed. “Dishwater”-appearing fluid leaks out from the
affected tissues. Debridement should occur until bleeding and live tissue is reached
(Fig. 13.2). Patients may require additional operative debridements to fully control
the infection. Initially patients should be placed in the highest monitored setting
available due to risk of ongoing septic shock. Repeat examinations of margins of the
debrided wound to ensure no progression should occur often in the first 24-48 h
until the extent has been fully declared. Decisions to return to the OR for additional
debridements should be based on clinical parameters of improvement or the lack
thereof.

Gangrene (Amputations)
Patients with peripheral arterial disease and/or uncontrolled diabetes can develop

serious sequela that span the spectrum from severe soft tissue infection to gan-
grene (tissue necrosis). This commonly impacts the distal extremities, mostly the

Fig.13.2. This figure shows a necrotizing soft tissue infection of the left medial thigh. (a) Depicts
the patient at presentation; (b) shows first stage of debridement; (c¢) shows the complete initial
debridement
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feet, toes, and calf, and sometimes the hands, as they are farthest from the heart.
In addition, gangrene can be seen due to untreated traumatic fractures of the
extremities. There are two main types of gangrene: dry and wet gangrene. In any
patient with gangrene, a thorough exam of all upper and lower extremity pulses is
absolutely necessary. In addition, an ankle-brachial systolic pressure index (ABI —
the ratio of the ankle systolic blood pressure divided by the brachial systolic blood
pressure) should also be performed at the bedside when possible. The ABI can
assist in better understanding the severity of a patient’s peripheral arterial disease
and how they may recover from surgical intervention [6]. If patients have pulses
that are too weak to calculate an ABI, they likely have severe peripheral arterial
disease. Patients should also have a blood glucose obtained to determine if they
have hyperglycemia since they may not know they have the disease, or even when
they are known to have it may be untreated due to lack of access to diabetic
medications.

Dry gangrene tissue is hard, shrunken, with a dry texture, and a clear demarca-
tion between live tissue and necrotic tissue (black) (Fig. 13.3). Eventually, the line
of separation from necrotic tissue and viable tissue will be complete, and the gan-
grenous tissue will eventually slough off. Acute surgical intervention for dry gan-
grene is not warranted.

Wet gangrene has a moist appearance with swelling, and the demarcation
between viable and necrotic tissue can have an area of pink, soft, and wet tissue in
between. This is a sign of an active infection and is a surgical emergency. Wet gan-
grene has a much worse prognosis and can quickly lead to sepsis. Due to high

Fig.13.3. Both are examples of dry gangrene from trauma, as shown by the black necrotic tissue.
(a) Is the scalp of a child and (b) is the left arm of a teenager
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Fig.13.4. (a) Shows wet gangrene of the right lower extremity; (b) shows treatment by guillotine
amputation to healthy noninfected tissue

mortality of wet gangrene, an emergent salvage (or guillotine) amputation of the
affected limb is often necessary (Fig. 13.4) [6].

This will help limit the systemic impact of the infection and allow time for the
infection to be treated with antibiotics. In general, the safest course for acute infec-
tion is to leave the amputation site open to allow for control of infection with subse-
quent stump revision and closure. The site for a guillotine amputation should be at
the most distal site not involved in severe infection that allows for removal of the
infected area. Preservation of uninfected tissue is necessary for the future revision
to optimize stump creation for the remote chance of a future prosthesis.

For gangrene secondary to peripheral vascular disease, patients should be coun-
seled to stop smoking to try to prevent future problems. If they have any access to a
higher level of care, discussion about a complete vascular workup should be done
and a referral instituted. Diabetic foot education can also be considered as a preven-
tative service. Nightly foot inspection can help prevent some of the infections from
punctures that result in severe foot infections.

Tetanus

Tetanus is caused by the exotoxin elaborated by Clostridium tetani that affects the
nervous system causing patients to develop reflex muscle spasms and rigidity.
Tetanus infections are more common in LMICs as tetanus vaccines are not readily
available. In LMICs, it is important to give tetanus toxoid when able to all those
who present with an open wound or infection. Tetanus should be suspected in any
patient complaining of spasm of the muscles of the jaw or “lockjaw.” In addition,
there can be painful spasms in other muscle groups in the neck, trunk, and extremi-
ties and by generalized, seizure-like activity in severe cases (Fig. 13.5).
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Fig.13.5. (a) Depicts a small child with opisthotonus caused by tetanus; (b) shows an extensive
wound in the lower extremity of an adult tetanus patient

The clinical course is variable and dependent on whether the patient has any
prior immunity, the amount of toxin present, and the age and general health of the
patient. The majority of neonatal tetanus cases are due to contamination of the
umbilical stump and unfortunately are often fatal. Child and adult tetanus should be
treated when possible with wound cleansing, removal of any necrotic tissue, admin-
istration of tetanus toxoid, and administration of human tetanus immune globulin
(TIG) both for passive immunization and for therapy. When available, TIG (500
units as a single IM dose) should be administered as well as antibiotic treatment
with metronidazole. Patients should be kept in quiet rooms with minimal stimula-
tion; spasms can be controlled with benzodiazepines and intravenous magnesium
sulfate. Patients can have respiratory issues and if possible should be transferred to
atertiary care center for mechanical ventilation; this is often not possible. Supportive
care with IV fluids, nutrition, and observation for the time of significant spasm
(1-2 weeks) can result in complete recovery [7]. Postoperative tetanus, though
uncommon, may result from both exogenous and endogenous sources and can
develop within 24 h after an operation [8].

Perirectal Abscesses

Perianal and ischiorectal abscesses often present with pain, an indurated perianal
mass, discomfort with defecation, and possibly fever. Infection is thought to be due
to obstructed cryptoglandular anal glands that then become infected. The infection
then travels the path of least resistance into perirectal spaces and then abscess for-
mation occurs. The main types of perirectal abscesses include perianal, ischiorectal,
intersphincteric, and supralevator (Fig. 13.6). If the abscess is supralevator in loca-
tion, it can be difficult to diagnose since it cannot be palpated on rectal exam and
may not have as clear cut symptoms as the other abscess locations. Diagnosis is
made by history and then perineal examination. The area should be inspected for
redness, tenderness, and fluctuance; a digital rectal exam must be performed to
assess for tenderness and abscess palpation. Needle aspiration can be helpful to try
and identify pus if there is some question on exam. The primary treatment is
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Fig.13.6. Image depicting location and types of perirectal abscesses and fistula tracts

incision and drainage of the entire abscess cavity. Antibiotics are adjunctive and
should be used until the cellulitis has resolved. Daily sitz baths, as well as after
defecation, is an excellent way to manage the wound and avoid daily packing.
Undrained collections should be considered if the patient does not improve mark-
edly and still complains of pain.

It is imperative to maintain continence during incision and drainage, and multi-
ple procedures may be necessary to allow drainage of the pus or to better identify a
possible anal fistula. Anesthesia beyond local anesthesia is sometimes necessary to
completely drain and treat perianal infectious diseases.

Perirectal Fistulas

Due to the pathology of disease of perianal abscesses, fistula tracts are common and
about one-third of patients with an abscess requiring drainage suffer the end result
of an anal fistula. These fistulas can be identified in the majority of patients at the
time of abscess drainage. There is no clear consensus on whether or not to treat the
fistula at time of abscess drainage. Long fistula tracts should have a seton placed,
which will allow better identification of tract trajectory and sphincter involvement.
Once these details are known, a more definitive plan for treatment can be deter-
mined with the key objective of maintaining continence. When forming a treatment
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plan, one must consider the location of internal opening, the course of the fistula
tract, and therefore the amount of sphincter involved.

The classification of anal fistula guides choice of the most appropriate fistula
treatment options (Fig. 13.6). Typical treatment of intersphincteric and low trans-
sphincteric fistulas is a simple fistulotomy to unroof the tract and allow it to heal.
Care should be taken to preserve as much of the sphincter complex as possible to
diminish the risk of postoperative incontinence. Suprasphincteric and transsphinc-
teric fistulas involve much more of the anal sphincter, carry a higher risk of inconti-
nence, and are a real challenge in the low-resource environment. If the surgeon has
knowledge and experience in rectal advancement flaps or the LIFT procedure (liga-
tion of intersphincteric fistula tract), these approaches can be considered. Both tech-
niques have been shown to be successful in complex fistula disease but require
specific procedural training and experience for success and to avoid risks of incon-
tinence or recurrence. Cutting and non-cutting setons are commonly used in low-
resource settings. Setons can be made of many materials including umbilical tape,
silk, rubber bands, and even cable ties [9]. The seton is placed through the fistula
and cinched down over time to slowly divide the subcutaneous tissue and sphincter.
This approach requires multiple visits and has a risk of incontinence.

Breast

The Essentials

» Lack of screening and access to care cause patients to present late in their
disease stage.

» Pathologic evaluation of biopsies is not always available, causing many to
be lost to follow-up while awaiting diagnosis or treating patients with a
presumptive diagnosis..

* Adjuvant treatments such as chemotherapy, hormonal therapies, and radia-
tion therapy may be nonexistent in LMICs and may not be used as part of
treatment plans.

Breast Cancer

Breast cancer is not as prevalent in LMICs as in high-income settings, but mortality
rates for breast cancer may be higher in the former. In addition, with Westernization
of these regions, breast cancer rates are increasing. Due to numerous barriers to
screening and diagnosis, only 20-50% of women in LMICs are diagnosed in early
stages (I and II), compared to over 70% diagnosed in these early stages in high-
income settings. There are additional delays after diagnosis to treatment, called
“provider interval,” with LMICs having an interval from diagnosis to treatment over
four times longer than high-income countries [10].

LMICs have minimal access to chemotherapies, hormonal therapies, and radio-
therapies for the treatment of breast cancer. Even without these therapies, early
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identification and timely surgical intervention can save lives. The Breast Health
Global Initiative (BHGI) has led in the development of “Guidelines for International
Breast Health and Cancer Control” for LMICs. If adjunctive therapies are not avail-
able for patients, breast-conserving surgical interventions are not recommended,
and modified radical mastectomy is indicated, even for early stages [11].
Unfortunately, breast cancer often presents as a fungating obvious cancer with pal-
pable nodes either from metastatic spread or from associated infection. If cellulitis
is present, the infection should be treated with antibiotics and wound care prior to
undertaking resection. As outlined above, modified radical mastectomy is the rec-
ommended treatment with excision of breast tissue and involved axillary nodes. In
the setting of a large fungating cancer, resection leaving an open wound may be
necessary followed by reconstruction after the wound bed has granulated with a
split thickness skin graft. If at all possible, the tissue should be sent for pathology,
and estrogen/progesterone status should be determined. This is often impossible
either due to the lack of money to pay for the tests or the lack of a pathologist.
Tamoxifen, if available, could be empirically considered for adjuvant treatment.

Breast Abscess and Mastitis

Breast infections are common in LMICs and management is similar to high-income
settings. Infections can be both lactation and non-lactation associated. Non-lactation
mastitis can occur in multiple age groups including infants (<2 months), children, ado-
lescents, and adults. Lactation mastitis is very common because of high-multiparous
mothers and prolonged breastfeeding. Mastitis can lead to abscess formation if left
untreated, or the primary presentation may be abscess with overlying cellulitis.
Mastitis typically presents with swelling, erythematous skin, tenderness, indura-
tion, and warmth. Pus may or may not be expressed through the nipple but if present
can be cultured or examined if resources allow. Antibiotic treatment initially targeted
at staph and strep should be initiated and broadened to cover gram negatives if there
is no response to the cellulitis in 24—48 h. Analgesics with nonsteroidal anti-inflam-
matory agents (e.g., ibuprofen) can be helpful and used in lactating and non-lactating
patients. Breastfeeding can continue even with the infected breast, and women should
be encouraged to make sure the breast empties as much as possible with each feeding.
A breast abscess presents as a fluctuant mass and is a common sequela of mastitis;
however, it can also present without any previous history of mastitis. Abscesses can
occur in any age or gender but are more common in women. Palpable fluctuant masses
are often noted on exam, and if ultrasound is available, the breast can be imaged to
better identify size and depth. Initial management includes antibiotics and percutane-
ous abscess aspiration as long as the skin is intact over the abscess and the abscess is
<6 cm. Up to three aspirations are often required for complete resolution. Surgical
incision and drainage treatment is used for abscess with overlying skin compromise or
frank necrosis, large abscesses, abscesses just beneath the skin, or in failed aspiration
patients. Local anesthesia can be used and excision of any necrotic skin as well as
drainage of the cavity should be done. The wound can be left covered and not packed
and irrigation done until the wound closes [12]. If an infection is not resolving with
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antibiotics and drainage, the diagnosis of inflammatory breast cancer needs to be con-
sidered and investigated via a biopsy if possible.

Hernia Disease

The Essentials

e The burden of hernia disease is high in LMICs.

e Inguinal hernias are more common in men, while femoral hernias are more
common in women.

e Incarcerated hernias are the leading cause of bowel obstruction in LMICs.

* Type of repair depends on resources available — it is imperative to be pre-
pared to perform primary tissue repairs as well as the use of mesh
herniorrhaphy.

The high burden of hernia disease in LMICs was highlighted in the Disease Control
Priorities the Third Edition of Disease Control Priorities (DCP3); Volume on
Essential Surgery concluded that over 14,000 deaths due to hernias could be averted
each year if basic surgical care could be provided in LMICs [13]. Several studies
have shown that the burden of hernias and the associated morbidity and mortality is
higher in sub-Saharan countries than in higher-income countries [14, 15]. Due to
delay in definitive surgical care of symptomatic hernias in resource-limited coun-
tries, patients often have larger hernias and a higher severity of symptoms.

Of all hernias, groin hernias have the highest rate of incarceration and strangula-
tion [16]. Though inguinal hernias account for over 95% of all groin hernias, femo-
ral hernias are more likely to present strangulated (Fig. 13.7). It is important to
complete a hernia exam on all patients, particularly those presenting with obstruc-
tive symptoms, as hernia is the leading cause of bowel obstruction in LMICs.

Fig.13.7. (a) Depicts an incarcerated femoral hernia in a female. (b) Shows a female with bilat-
eral hernias, the left incarcerated and the right reducible
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Groin Hernias

All symptomatic inguinal hernias should be repaired due to risk of incarceration/
strangulation. Notable increase in size over time is common, as heavy labor is com-
mon for people in LMIC. Mesh repair is preferred due to the lowest risk of recur-
rence. If commercial mesh is not available, the use of sterilized polyester or nylon
(100%) mosquito net can be used as the hernia mesh [17]. When hernia mesh is not
available, procedures such as the McVay (Cooper’s ligament) repair with relaxing
incision can be performed for femoral hernias and Shouldice or Bassini repairs for
indirect and direct hernias. Each of these repairs share the following common oper-
ative steps [18]:

1. Skin incision superior to the pubic tubercle and inguinal ligament.

2. Division of soft tissue to the external oblique aponeurosis.

3. Opening of the external oblique aponeurosis from the external inguinal ring
extending laterally past the internal ring.

4. Mobilization of the cord structures from inguinal canal.

5. Division of the cremaster muscle to identify an indirect hernia sac and examina-
tion of the floor for evaluation of a direct hernia sac.

6. Mobilization and reduction of hernia sac(s) — ligation not usually necessary.
For large scrotal hernias, an indirect sac can be transected in the inguinal
canal, and the anterior wall opened as far as possible distally to prevent
hydrocele.

7. Open the transversalis fascia from the internal ring to the pubic tubercle.

8. In the McVay and Bassini repair, the transversalis fascia combined with the
transversus abdominus fascia, the aponeurosis, and the internal oblique muscle
is sewn either to Copper’s ligament (McVay) or the shelving edge of the ingui-
nal ligament (Bassini). In the McVay repair after the initial closure to Cooper’s
ligament, the repair transitions to the shelving edge at the level of the femoral
vein.

9. The repair is continued just past the internal ring.

10. A vertical or hockey stick relaxing incision through the anterior rectus sheath
starting just above the pubic tubercle and superiorly — the distance necessary is
based on the degree of tension in the repair.

Ventral Hernias

Anterior abdominal wall hernias can be epigastric, umbilical, periumbilical, or
incisional. Epigastric hernias often only require surgical intervention if symptom-
atic, while we recommend surgical repair of all periumbilical hernias due to higher
rates of incarceration. Umbilical hernias are quite common in children and should
not be repaired until the child is >2 years old because the vast majority will close
on their own. Since the incidence of complicated umbilical hernias in children in
LMICs is not known, there are some recommendations that defects >1-1.5 cm in
children age 3 and above are closed when possible [19]. Incisional and ventral
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Fig.13.8. (a) Umbilical hernia in a child with bowel fistula formation due to untreated incarcera-
tion and bowel obstruction; (b) show exam findings on presentation; (c¢) shows intraoperative find-
ings of small bowel fistula

hernias are common in LMICs and can be challenging to repair when >4 cm
because of the relative lack of prosthetic meshes. Hernias can be closed with pri-
mary fascial closure but may have significant chances of recurrence if large. An
excellent alternative technique is a component separation to allow for a tension-
free primary tissue repair. Briefly, skin flaps are raised exposing the anterior rectus
and external oblique fascia. The external oblique fascia is incised 2 cm lateral to its
border with the rectus and the external oblique muscle mobilized bluntly upward
off of the internal oblique muscle. This allows for midline movement of the rectus
and laxity to primarily close the defect. Drains are recommended where the skin
flaps were mobilized to diminish the chance of seromas. This is an excellent alter-
native when prosthetic mesh is not available. Patients will need to be observed for
development of seromas, skin flap compromise, and wound infections. Abdominal
binders, if they can be found, can be used to help support the abdominal wall dur-
ing recovery. Patients should be counseled to not resume heavy work after hernia
repairs, but this may not be possible; therefore, recurrence is not unusual after
repairs in this setting (Fig. 13.8).

Incarcerated/Strangulated Hernias

One of the most common emergencies seen is an incarcerated/strangulated hernias
of any anatomic location. Patients present with a tender painful mass, possibly with
bowel obstruction, or even peritonitis depending on how long it took to reach the
hospital. Reduction should only be attempted if there are no signs of bowel compro-
mise such as fever, overlying skin changes, or peritonitis. If the hernia is reduced,
admission for observation followed by elective repair should be done if at all pos-
sible to prevent future bouts of incarceration. If signs of strangulation are present,
immediate surgery through an incision directly over the hernia is warranted. It is
important to inspect the involved bowel, which may require enlargement of the
hernia defect of laparotomy. Bowel resection with primary anastomosis may be
necessary if there has been vascular compromise (Fig. 13.9). Primary tissue repair
can then be completed and the patient observed postoperatively.
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Fig. 13.9. (a) Strangulated right inguinal; (b) intraoperative findings of ischemic small bowel
requiring bowel resection

Gastrointestinal (Gl) Emergencies

The Essentials

¢ The differential diagnosis is broad; one must be familiar with the epidemi-
ology of the region they will be serving.

¢ Imaging and lab studies are limited — rely heavily on thorough history and
physical exam to guide care.

¢ Patients present late in their disease process and, therefore, assume dehy-
dration, malnutrition, anemia, and electrolyte abnormalities on arrival and
resuscitate and optimize the patient prior to the operation as able.

Patients in LMICs often present later in the disease process, thus making the history
and physical exam even more crucial for prompt determination of management. A
recent study showed that 72,000 people in India died from acute abdominal condi-
tions in 2010, most in their home and most in rural areas [20]. Due to late presenta-
tion, many patients with GI emergencies are in poor clinical condition, with severe
anemia, dehydration, poor nutrition, and possible electrolyte abnormalities. It is
imperative to attempt to correct severe anemia (Hgb <6) and dehydration prior to
any operation. In addition, in many of these settings, laboratory facilities are not
readily available, and determination of electrolyte abnormalities is not possible.
Recall, patients with persistent emesis often have metabolic alkalosis and hypoka-
lemia. Though less likely in patients with an acute surgical abdomen, patients with
profound diarrhea may have hyperchloremic metabolic acidosis, also often with
hypokalemia.

Due to cultural and language differences, obtaining an accurate history may be
difficult. Open-ended questions are preferred when initially obtaining a history,
though ensuring specific information is obtained may require directed and pointed
questions. For example, some patients may describe the pain as “recently” coming
on, though when asked specifically, the pain started “two weeks ago.” In every
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setting, a thorough review of systems is important, with particular focus on gastro-
intestinal and genitourinary systems. Standard history questions about quantity, fre-
quency, character of emesis, or bowel movements must also be expanded to include
questions about the presence of blood or worms. It is important to include a detailed
history of urinary and vaginal symptoms, as a common cause of abdominal pain in
women can be due to severe urinary tract infections or pelvic inflammatory disease.
For all patients, always specifically ask if they have had any previous abdominal
surgery.

The physical exam is of critical importance as a thorough history may be difficult
to elicit. Much information can be gained from examining the eyes and mouth.
Sunken eyes may be a sign of dehydration, icteric sclera may be a sign of liver dis-
ease, and pale conjunctiva may be a sign of anemia. The tongue will also be dry
when patients are dehydrated. The abdominal exam must be thorough and must
include evaluation for distention, guarding, fluid, rigidity, rebound, and masses.
Additionally, even if not included in the history, always examine for umbilical,
inguinal, and femoral hernias. Rectal exam is also almost always indicated. Female
patients may require a pelvic exam to rule out gynecologic causes of pain such as
uterine rupture or pelvic inflammatory disease, which is noted with cervical motion
tenderness on exam.

Appendicitis

The Essentials

* Appendicitis is one of the most common causes of an acute abdomen
across the globe.

* Imaging and laboratory studies are limited, rely on clinical diagnosis, and
do not delay operation if suspicion is high.

* Prepare for open appendectomy, as laparoscopic availability is limited.

Appendicitis is one of the most common indications for urgent/emergency sur-
gery across the globe [21]. Often, due to lack of resources, the diagnosis of appen-
dicitis is clinical, without supporting imaging or laboratory studies. The negative
appendectomy rate may be higher in low-income settings, which, due to high
morbidity and mortality of delayed diagnosis in these settings, is acceptable.
Early surgical intervention is recommended in the presence of high clinical
suspicion.

The natural history is unclear, and there appears to be a subset of patients who
are more at risk for perforation and that this is not a time-dependent phenomenon.
Children are at higher risk of perforation than adults. Recent data exists that demon-
strate early uncomplicated appendicitis (non-perforated or gangrenous) can be suc-
cessfully managed in most cases with antibiotics, but this may not be a good strategy
in LMICs since there is a significant risk of recurrent appendicitis in the next year;
thus, definitive management at presentation is recommended.
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Table 13.1. The elements Features Score
and scoring of the Alvarado S ; Mierati £ oai |
score for diagnosis of acute ymproms 1era I.OH O pali
appendicitis [22] Anorexia 1
Nausea/vomiting 1
Signs Tenderness in right lower abdomen | 2
Rebound tenderness 1
Elevated temperature (>37.3 °C) 1
Laboratory Leukocytosis
test Neutrophilic left shift
Total score 10

Clinical Findings

Abdominal pain is the most common symptom and is often the first symptom. The
pain usually starts in the periumbilical region then migrates to the right lower quad-
rant. The often described “four symptoms of acute appendicitis” includes right
lower quadrant pain, anorexia, nausea, and vomiting. The Alvarado score can assist
in determining the likelihood of acute appendicitis (Table 13.1) [22]. A score of 5 or
6 is compatible with acute appendicitis; 7 or 8 is probable appendicitis, while 9 or
10 is extremely probable appendicitis.

Special Considerations

Diagnostic tests, such as US, CT, and MRI scans, or laboratory studies are limited
and should not be required to make a clinical diagnosis. The physical exam findings
are more classic with pain at McBurney’s point (in the right lower quadrant) with an
anterior appendix; retrocecal appendicitis tends to present later. Physical exam
maneuvers such as psoas and obturator signs and a digital rectal exam can all be
helpful in aiding the diagnosis. Appendicitis is generally more difficult to diagnose
in females, due to ovarian pathology, pelvic inflammatory disease, or ectopic
pregnancy.

Treatment

If the appendicitis is complicated, meaning that the base of the appendix is perfo-
rated (or highly inflamed) or the appendix is gangrenous or grossly perforated, a
partial or full cecectomy is often warranted. This is still possible through a standard
right lower quadrant appendectomy incision, though enlarging the incision will
likely be necessary and thorough irrigation is imperative. In this instances and when
possible, a partial cecectomy should be done since this will only require suture clo-
sure of the cecum and not an ileocolic anastomosis.

Antibiotics should be initiated once the diagnosis of appendicitis has been made
and should be continued on all patients through the operation. Postoperative anti-
biotic recommendations vary for complicated versus uncomplicated appendicitis
and rely on intraoperative findings to guide timing. With complicated (gangrenous
or perforated) appendicitis, patients are at higher risk for abscess and continued
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infectious complications, and antibiotics are warranted for 3-5 days postopera-
tively [23]. For uncomplicated appendicitis, in patients with mild or moderate
inflammation, antibiotics can be stopped postoperatively. If the patient is highly
febrile or has signs of sepsis preoperatively, even with technically uncomplicated
appendicitis noted intraoperatively, antibiotics should be continued for at least
1-3 days [24].

Cholecystitis

The Essentials

* The burden of gallbladder disease varies dramatically across regions — be
familiar with the epidemiology of your local setting.

 Patients often present late and may have acute on chronic cholecystitis and
scarred gallbladders.

* Abdominal ultrasound is the most useful imaging modality; suggestive
findings of acute cholecystitis include positive sonographic murphy’s sign,
thickened gallbladder wall >4 mm, pericholecystic fluid, and visualization
of impacted stones.

* Open cholecystectomy is the mainstay of treatment in LMICs.

The burden of gallbladder disease, gallstones, and subsequent cholecystitis varies
dramatically across regions and across different ethnic groups. Regardless of region
or race, women are impacted by gallbladder disease more frequently than men
worldwide. Unexpected pathologies such as ascaris or salmonella typhi causing
cholecystitis also occur in LMICs.

Signs and Symptoms

Patients with acute cholecystitis often have pain in the right upper quadrant, epi-
gastric pain, nausea, fever, and emesis. Additionally, these patients frequently
have a history of similar episodes in the past where their symptoms were less
severe and resolved on their own, indicative of biliary colic. Patients will fre-
quently be tachycardic and may have a fever. A positive Murphy’s sign (arrest of
inspiration upon deep palpation of the right upper quadrant) is often present with
definite acute cholecystitis, though not necessary for the diagnosis. These symp-
toms can also occur with amoebic and bacterial hepatic abscesses and without
preoperative US; definitive diagnosis can occur in the operating room.

Diagnostic Tests

If laboratory studies are available, a complete blood count (CBC) is useful to iden-
tify those with leukocytosis (as well as anemia). Patients who present severely jaun-
diced usually do not just have cholecystitis. Other diagnoses such as common bile
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duct obstruction (stone, worm, tumor), primary liver disease, and hemolytic ane-
mias must be considered and caution used before proceeding with operative treat-
ment; surgery may not be indicated. Liver function tests (LFTs) can assist in
establishing these diagnoses but are often not available.

Abdominal US is often the most accessible and useful imaging modality to
assess gallbladder disease, particularly in resource-limited countries. An abdominal
US can evaluate gallbladder size, wall thickness, presence and size of gallstones,
pericholecystic fluid, and the size of common bile duct. Though abdominal US has
high sensitivity and specificity for stones in the gallbladder, it can miss smaller
stones in the common bile duct. The majority of LMICs will not have the availabil-
ity of CT, magnetic resonance cholangiopancreatography (MRCP), nor hepatobili-
ary iminodiacetic acid (HIDA) scans. Additionally, utilization of endoscopic
retrograde cholangiopancreatography (ERCP), which can be both diagnostic and
therapeutic, requires specialized training and facilities, and therefore access is
limited.

Treatment

The Essentials

* Open cholecystectomy: recommended treatment option in most settings.
When laparoscopic equipment and supplies are present, this would be the
preferred procedure.

* Open subtotal cholecystectomy: many patients will present late in their
disease progression and anterior wall inflammation may be too great to
complete a full cholecystectomy. Drain placement is critical due to chance
of postoperative bile fistula.

* Open common bile duct exploration: to relieve blocked common bile duct.

* Cholecystostomy tube: will ultimately require subsequent cholecystec-
tomy. Should rarely be considered unless there are no other treatment
options.

For definitive treatment of acute cholecystitis, we recommend open cholecystec-
tomy. This open approach allows for common bile duct exploration as needed
and remains the most commonly used method for gallbladder removal in low-
resource countries. In the highly unusual scenario of a critically ill patient too
unstable to undergo a general anesthetic, a cholecystostomy tube insertion under
local +/— sedation may be performed for gallbladder drainage. For severe ascend-
ing cholangitis, t-tube drainage of the CBD can be considered to temporize the
patient prior to definitive treatment. Though nonoperative management and treat-
ment with fluid resuscitation and antibiotics is a temporizing option, in resource-
limited countries, patients are often far along in their disease process and are
frequently lost to follow-up; therefore, definitive treatment is recommended.
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Small Bowel Obstruction

The Essentials

» Etiology: hernias, adhesions, Ascaris, volvulus, intussusception, strictures,
cancers, and foreign bodies.

» Patients will present late and will be dehydrated — attempt to resuscitate
prior to surgery.

* Always complete a rectal exam and palpate for hernias (including groin).

As mentioned in detail in the introduction of this section, patients are more likely to
present late in the disease process, and attempts at resuscitation and correction of anemia
and electrolyte abnormalities should be attempted prior to surgical intervention. The
differential diagnosis for small bowel obstruction is broad, but the same principles apply
to all patients and include a thorough history and physical exam. Always complete a
rectal exam and palpate for hernias (even if no history of hernias), especially groin
hernias.

Hernia

Many patients will present with a tender or tense mass at a known hernia site. This
may be less reliable in elderly patients, particularly elderly females with femoral
hernias. If the patient presents 6 h or less from the initiation of symptoms, then
attempts at external reduction may be attempted. If the patient presents over 6 h
since the initiation of symptoms, they have an increased risk for compromised or
ischemic bowel that requires resection. When attempting reduction, ensure the
patient is supine (can place cushions under the legs for reducing abdominal hernias
to further relax the abdomen), position in slight Trendelenburg, and administer [V
pain medications if available to treat the patient’s pain. A general principal of
reducing hernias is to not attempt to “push” the mass in; rather slowly “squeeze”
the herniated mass, which will push out edema and with slight pressure will often
result in successful reduction. If reduction is not successful or the patient has addi-
tional symptoms of diffuse abdominal pain or peritonitis, urgent operation is war-
ranted for examination of bowel and repair of hernia defect.

Ascaris

Ascaris lumbricoides is a giant roundworm that infects humans who ingest fertil-
ized eggs. The larva can penetrate the wall of the duodenum and enter the blood
stream to then reach other organs, such as the liver, heart, and lung. The larva can
then be coughed up and swallowed by which means the adult worms return to the
small intestine where they grow and can obstruct the small intestine. A. lumbri-
coides is a large public health concern, and it is estimated that 62 million people
suffer from this roundworm infection worldwide [25]. In addition, Ascaris-
related bowel obstruction is seen in 730,000 people worldwide each year and
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accounts for 11,000 deaths each year [25]. The adult roundworms can be found
as high as the duodenum but generally live in the jejunum and ileum [26]. Patients
can present with acute or subacute symptoms [27], and many have a history of
worms in their feces or emesis. An abdominal x-ray will not only show signs of
obstruction but can reveal worms. For further detail, please refer to Chap. 15.

Small Intestine Volvulus

Patients with volvulus of the small intestine generally present with acute onset
abdominal pain and emesis. Abdominal x-rays can assist with the diagnosis and dif-
ferentiate from other obstructive pathology, such as Ascaris obstruction. This
requires urgent surgical intervention and attempts to release adhesions, bands, or an
internal hernia. Bowel resection may be required.

Intussusception

Young children often present with the history of intermittent abdominal pain, dis-
tension, and “currant jelly” stools, and those under 2 may pull their knees to their
chest with the pain episodes (Fig. 13.10). In addition, intussusception can be seen
in adults due to abdominal tuberculosis, tumors, and Ascaris infections. The use of
ultrasound is particularly useful for diagnosis and can see a “target” sign. LMICs
do not have ready access for enema reduction and radiology confirmation; thus,
minilaparotomy is often necessary. In children, the intussusception can be reduced
by milking the bowel, not pulling the bowel due to risk of tear. Tumors are a pos-
sible cause in adults, and if found intraoperatively, the involved bowel should be
resected.

Cancers and Strictures

Cancers are not a common cause of small bowel obstruction in LMICs. In addition,
inflammatory bowel disease is also rare, though strictures could be due to abdomi-
nal tuberculosis. These should both be considered on the differential diagnosis, and
regional variation should be taken into consideration.

Fig. 13.10. TIleocolic intussusception. (a) Depicts a young child at presentation with abdominal
distension; (b) x-ray findings at presentation; (c) the intraoperative findings of the ileocolic
intussusception
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Perforated Ulcer Disease

The Essentials

» Ulcer disease is an extremely common cause of peritonitis.

* Should be suspected with history of dyspepsia, often due to Helicobacter
pylori.

* Treatment: omental patch repair for perforation and postoperative treat-
ment with therapy for H. pylori.

Perforated ulcers are a common cause of peritonitis and acute GI emergencies in
LMICs. The incidence has been shown to be as high as four out of five patients with
peritonitis [20]. The patients often have a long history of dyspepsia. Unlike typhoid
perforations, patients do not have several weeks of fever, headache, or fatigue. Patients
will often present with acute onset abdominal pain, and by the time they seek medical
attention, they may have a rigid abdomen with rebound tenderness and guarding.
Undiagnosed and untreated Helicobacter pylori infections are often the cause. As with
all patients with perforation, resuscitation prior to surgical intervention is imperative.
Treatment includes exploratory laparotomy, identification of the perforation, and
omental patch repair. Often, definitive diagnosis of H. pylori may not be possible,
though postoperative therapy for eradication is indicated. Omental patch seems to have
displaced the older treatments that included a truncal vagotomy and a drainage proce-
dure, but there have been no comparative trials in LMICs especially in the context of
inability to often treat the H. pylori infection. Control of the infection through laparot-
omy and washout and coverage of the leak site appears to constitute adequate treatment
though higher perioperative mortalities are present than in Western series [28, 29].

Colonic Volvulus

The Essentials

* Sigmoid volvulus in young men is prevalent in Africa unlike typical age
groups in HICs.

* Early presentation of sigmoid volvulus may be amenable to sigmoidos-
copy for reduction of sigmoid volvulus, though sigmoidectomy is war-
ranted for prevention of recurrence.

The most common sites for colonic volvulus are the cecum and the sigmoid. Colonic
volvulus is a common cause of large bowel obstruction globally and particularly in
LMICs [30-32]. It occurs when a segment of large bowel twists about its mesentery,
creating a closed-loop obstruction. Volvuli are at high risk to cause ischemic bowel
due to the twisting of the mesentery and subsequent vascular compromise.
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Sigmoid Volvulus

This occurs due to an air/stool filled loop of sigmoid that twists around the mesentery.
Sigmoid volvulus is the most common colonic volvuli and most often occurs in the
Western setting in the elderly or patients over 70 years of age. In Africa, the disease
epidemiology is very different than in Western countries and is predominately a dis-
ease seen in young males (2540 years old) [33]. The exact pathogenesis is unknown
but may be due to redundant sigmoid colon, very high-fiber diet, or chronic constipa-
tion. A recent examination of deceased fetuses in KwaZulu-Natal suggested that there
was a possible congenital elongated narrow sigmoid colon which predisposes to vol-
vulus [34]. Those with sigmoid volvulus may have a more insidious onset of abdomi-
nal pain and distension, with emesis being a late symptom. Some do present with
acute symptoms of obstruction. On physical exam, abdominal distension and tym-
pany are common, with signs of peritonitis raising concern for perforation or ischemic
bowel. An abdominal x-ray will often show a U-shape of the distended sigmoid colon,
from the pelvis to the right upper quadrant; and air will be absent in the rectum.
Though sigmoidoscopy is likely not available in many settings in LMICs, it can be
used to reduce the volvulus followed by an elective sigmoidectomy to prevent recur-
rence. For emergent treatment, both single stage resections with re-anastomosis or
classic two stage procedures with colostomy and Hartmann’s procedure have been
reported. There are also substantial differences in operative treatment reported in
African countries for emergent treatment of volvulus even when gangrenous intestine
is found. Mixed results with the single stage approach have been found, but it can be
safely performed in selected candidates [35, 36]. Creation of a stoma in a low-resource
setting has substantial consequences since stoma appliances and bags are almost
impossible to find in many areas. If a colostomy is done, reversal at the earliest time
should be considered to lessen the impact of the stoma [33].

Cecal Volvulus
In cecal volvulus, the cecum and ascending colon rotate around the mesentery. The
pathogenesis is due to a redundant and mobile cecum and ascending colon, which
maybe be a congenital development. Cecal volvulus in general occurs in younger
patients. There are three types of cecal volvuli; these include type 1 (clockwise axial
torsion), type 2 (counterclockwise axial torsion), and type 3 (folding upward of the
cecum (bascule)). Type 1 and 2 are the most common. The presentation is also vari-
able, as some patients have more insidious onset of symptoms, while others have
acute onset of obstructive symptoms. An abdominal x-ray with cecal volvulus may
show an air-filled “coffee bean” cecum that is usually displaced medially and supe-
riorly [35]. Open right colectomy or ileocecal resection is recommended as the
definitive treatment for cecal volvulus [35]. Though cecopexy or colpopexy has
been described [37], there may be a higher risk of recurrence, and those in LMICs
already have decreased access to surgical care.

Due to lack of imaging studies (particularly CT), definitive diagnosis of either
type of colonic volvulus may not be possible, and diagnosis will often be confirmed
at exploratory laparotomy.
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Obstructing Colon Cancer

The Essentials

» Colon cancer is much less common in LMICs, though is increasing due to
globalization.

* Due to lack of screening in LMICs, patients often present with obstruction,
perforation, or anemia secondary to bleeding.

Colorectal cancers in LMICs is much less common than high-income settings (five to
ten times less common), though this is changing fairly rapidly due to globalization and
changes in diet [38]. Most cancers are adenocarcinomas, and due to lack of colonosco-
pies and screening, patients present much later in the disease process, often with obstruc-
tion, perforation, or anemia from chronic blood loss. It is rare to have a patient with an
asymptomatic colon cancer. Due to lack of pathology and CT imaging, diagnosis of
colorectal cancer may be made during exploratory laparotomy. Adjuvant therapies are
also limited as is monitoring for recurrence. Colon resection elective or emergent colon
resection follows the same principles as in the Western setting except the anastomosis is
typically sutured since there are usually no staplers available in the OR.

Liver and Splenic Abscess

The Essentials

» Symptoms for both hepatic and splenic abscesses are often nonspecific.

* Abdominal US is effective for diagnosis and follow-up.

» Antibiotics can be used successfully for small bacterial abscesses of <3 cm.

* Amebic abscess most often respond to medical treatment and do not
require drainage until they are >10 cm.

Hepatic Abscess

Bacterial

Symptoms of a bacterial liver abscess are often vague, with right upper or epigas-
tric pain, and can be insidious and nonspecific. Causes of these abscesses can
range from biliary obstruction, prior bacteremia episodes, or preceding intra-
abdominal infection. Abscesses are very common in Asia but can be found
worldwide. Laboratory findings may show a leukocytosis, though liver enzymes
may be within reference ranges. Though abdominal CT with contrast has the
highest sensitivity, abdominal US is effective in making the diagnosis. Initial
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management includes IV antibiotics alone for small abscesses (<3 cm) and per-
cutaneous drainage under ultrasound guidance if available. Percutaneous aspira-
tion can also be considered for abscesses 3—5 cm in size. There are no uniform
recommended antibiotic regimens. In general coverage against broad spectrum,
organisms (gram negatives/positive and anaerobes) include 2 weeks of IV antibi-
otics followed by 1-1.5 months of oral antibiotics [39]. Patients who do not
improve on treatment should be re-imaged if possible for multiple or loculated
abscesses that require drainage or aspiration. It may be difficult to obtain these
resources and ensure patient compliance. If percutaneous drainage is not avail-
able, and repeat US shows continued abscess, surgical intervention with open
abscess drainage is warranted.

Amebic

Amebic liver abscesses are most commonly seen in endemic areas such as
Mexico, Africa, India, and Central and South America and are due to an
Entamoeba histolytica infection. E. histolytica is a protozoan that enters the
liver via the intestines and portal system. It most commonly affects young
men, and symptoms of abdominal/epigastric pain and fever usually occur
several months after infection [40]. If laboratory services are available,
eosinophilia and a leukocytosis may be seen. Abdominal ultrasound is often
required for a diagnosis, and a hepatic lesion consistent with an abscess is
seen. Diagnosis is based on clinical and US exam with clinical suspicion
based on endemic geographic location and, if available, serology. Empiric
treatment with metronidazole to see if the patient improves could be tried in
endemic areas, or small needle aspiration to distinguish frank pus from a
pyogenic abscess versus the typical “anchovy paste” aspirate of the amebic
abscess can be completed. The mainstay of treatment is oral metronidazole
for 7-10 days, though if this fails, percutaneous aspiration/drainage is recom-
mended and has been found to mostly be necessary in larger abscess >10 cm
in size [39, 41]. Open surgical drainage of amebic liver abscesses is not gen-
erally warranted.

Splenic Abscess

Splenic abscesses are generally due to hematogenous spread of bacteria and, as
expected, are more commonly seen in immunocompromised patients. Similar
to liver abscesses, symptoms of splenic abscess can also be vague and often
include fever and abdominal pain. Though patients may not complain of left
upper quadrant pain, splenomegaly can sometimes be noted on physical exam
or abdominal US. Patients also often have a leukocytosis. Splenectomy is the
mainstay of treatment for splenic abscesses. Access to image-guided percuta-
neous drainage of the splenic abscess is limited in LMICs, though studies have
found this is a viable option if done with IV antibiotics [42]. Though difficult
in LMICs, it is important to try to ensure patients receive post-splenectomy
vaccine prophylaxis, including polyvalent pneumococcal, meningococcal, and
Haemophilus b vaccines.
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Tuberculosis Peritonitis

The Essentials

» Tuberculosis peritonitis is uncommon though increased in patients with
HIV, diabetes, and malignancy.

* Ascites is seen in vast majority of patients at presentation.

e Symptoms are insidious and often include abdominal pain, weight loss,
and fever.

* Minilaparotomy may be required for diagnosis, though medical treatment
with an antituberculosis regimen is the mainstay of management.

Tuberculosis peritonitis is caused by Mycobacterium tuberculosis (TB) via hematoge-
nous spread from the lung to the peritoneum. Infection generally occurs due to reacti-
vation of latent TB, though it can also occur in active pulmonary TB. At the time of
diagnosis, over 90% of these patients present with ascites. If ascites is not present, it is
a sign of more advanced disease [43]. The symptoms are insidious and include weeks
to months of abdominal pain, weight loss, and fever. This is a difficult diagnosis as
patients often do not know of a diagnosis of TB, and signs of TB are often not present
on chest x-ray. The gold standard of diagnosis is culture of Mycobacterium from the
ascitic fluid or peritoneal biopsy. TB peritonitis should be on the differential in all
patients with unexplained ascites. Diagnosis can be made visually with a minilaparot-
omy as one can see the peritoneum studded with white nodules. Biopsies of these
nodules will show caseating granulomas and be positive for acid fast bacilli. Treatment
is nonsurgical and requires initiating a full anti-TB treatment regimen (discussed in
Chap. 15). Fever, ascites, and abdominal pain all generally improve after several weeks
of medical treatment. Those with delayed treatment can develop abdominal adhesions
due to the TB peritonitis and are at risk for obstruction in the future — this risk, as well
as signs and symptoms of obstruction, should be communicated with patients.

Abdominal Masses

The Essentials

* Pediatric:
— Abdominal masses are most common in children under 5 years old.
— The older the child, the more likely the mass is to be malignant.

e Adult:

— Abdominal masses and cancers are commonly infection related in
LMICs (e.g., hepatocellular carcinoma related to chronic hepatitis B
and/or C).

* Surgical resection of abdominal masses in children and adults is the main-
stay of management.
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Gl Masses by Age

Abdominal masses vary by age, though the majority of masses in both the pediatric
and adult populations ultimately need to be surgical removed. The work up may be
more limited in LMICs as the use of CT, MRI, bone scans, laboratory tests, and
pathology may not be readily available these settings. This makes history and physi-
cal exam even more important in aiding in the diagnosis. It is critical to obtain
information on rate of growth, location in abdomen, and mobile versus fixed mass.
An abdominal US is useful in determining the site of the mass and can help deter-
mine cystic versus solid masses. The most common abdominal masses by age
groups and general management considerations are reviewed below.

Pediatric

Abdominal masses in the pediatric population are most common in children under
5 years of age, with most masses in neonates occurring in the retroperitoneum (renal
origin). Older children are more likely to have masses that are malignant. The most
common diagnoses are Wilms tumor, neuroblastoma, ovarian and liver tumors, and
involvement of nodes or organs with lymphoma or leukemia. Please refer to Chap.
20 Essential Pediatric Surgery for more details.

Adult

Abdominal masses in adults may not be symptomatic or palpable, though patients
may experience symptoms that narrow the differential diagnosis. Hepatic and splenic
abscesses can cause an abdominal mass and must be considered along with malig-
nant etiologies. While obtaining the patient’s history, it is also important to seek
information on family history of cancer and social history including alcohol and
tobacco use. Colorectal cancer, though less common in LMICs compared to high-
income countries, is increasing in incidence due to changes in diet and is also diag-
nosed in very late stages due to lack of screening [38]. Many abdominal masses and
cancers in LMICs are related to infectious causes and can be seen in the liver, stom-
ach, and cervix [44, 45]. Liver cancer has a high incidence in developing countries
due to chronic hepatitis B and C virus infection and lack of hepatitis B vaccination in
childhood [4]. Gynecological cancers can also present as abdominal masses
(Fig. 13.11). US is an excellent tool to try to rule out infectious causes of abdominal
masses such as liver abscess, echinococcus, kala-azar, or tropical splenomegaly (cov-
ered in Chap. 15). If a mass lesion is discovered, primary treatment for most abdomi-
nal masses in this setting is surgical resection, with stage of disease determining need
for additional therapies such as chemotherapy and radiation therapy. The diagnosis is
commonly made at the time of the operation, and resection is completed to remove
the mass when technically feasible. Lack of pathology is common, and concrete
diagnosis and stage is often unable to be determined (Fig. 13.11). Benign etiologies
such as mesenteric cysts can occasionally be found and easily treated by surgical
resection (Fig. 13.12). It is not unusual to identify patients with widely metastatic
cancer to the liver and/or peritoneum; unfortunately, there are often no good options
for treatment or palliation, and long-term survival is uncommon (Fig. 13.13).
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Fig. 13.12. 42-year-old female presenting with right mid-abdominal mass. (a) Visible and pal-
pable large abdominal mass; (b) operative finding of large mesenteric cyst found at the root of the
mesentery

Fig. 13.13 A 47-year-old man presenting with upper abdominal mass. (a) Distended abdomen
with collateral veins at presentation; (b) mini-diagnostic laparotomy revealed probable metastatic
cancer throughout the liver

Proper selection of patients should be performed; preoperative hemoglobin,
nutritional state, and HIV state need to be carefully considered. In general, opera-
tions should be avoided in end-stage HIV cases since the recovery and survival
potential is very low. Palliative procedures can also be considered, such as intestinal
bypass when extensive tumor is found that cannot be safely resected.
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Summary

In summary, general surgical conditions seen in LMIC can be similar to conditions
seen in high-resource countries but tend to present later in the disease course. In this
setting, it is also necessary to consider that conditions may represent surgical pre-
sentations of infectious diseases not commonly seen in high-income countries
except in immigrants. Evaluation of the patient with special attention to nutritional
status, anemia, and HIV status must be done as well as a consideration of the
resources on hand and the patient’s ability to afford and participate in the care being
proposed. Surgical treatment may be lifesaving and often requires innovative solu-
tions to some of the practice challenges found in these environments.
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Mark J. Harris

Background

Over the last 40 years, the evolution of modern anesthesia in high-income countries
(HICs) has led to a 40-fold improvement in perioperative patient safety. Over a
similar timeline in low- and middle-income countries (LMICs), anesthesia care has
remained poorly equipped, ill funded, and understaffed, with a persistently high
morbidity and mortality [1]. When such statistics are available from LMICs, anes-
thesia is commonly in the top five causes of avoidable death (along with hyperten-
sion, hemorrhage, and sepsis) [2]. Most of the anesthesia-related deaths occurred in
rural hospitals, and 90% of them were avoidable [3]. Estimates of avoidable
anesthesia-related mortality rates in the developing world are scarce and variable
[4], but all are at least tenfold greater than in high-income countries [1].

Shortages of trained personnel hamper efforts to improve anesthesia services.
The USA has over 24 anesthesia providers per 100,000 population [5], while many
low-resource countries have less than 1 provider per 100,000 [6]. Moreover, the
majority of these providers are not physician anesthesiologists [6] but nurse anes-
thetists and “trained on-the-job” noncredentialed providers. Nurse anesthetists in
low-income countries have a similar training pathway to their counterparts in the
USA. However, “trained on-the-job” practitioners can range from high school grad-
uates formally trained over several years to anesthetist “assistants” who took over
the anesthetizing responsibilities when the anesthetist left the post or died. This
demonstrates the issue that with a severe deficit of trained personnel, not only is the
surgical capacity limited, but individuals are forced to perform procedures for which
they may have no training. In some low-resource countries [2], there are dispropor-
tionately fewer anesthesia providers than surgeons, making anesthesia personnel the
“rate-limiting factor” in unmet surgical need.
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Standard medications are often in short supply in low-resource regions, e.g.,
antibiotics and opiates [7]. Access to modern anesthetic drugs is limited, and our
colleagues in poor countries must use medications, such as sodium thiopental, long
abandoned by wealthier nations.

The majority of institutions in low-resource countries do not meet the World
Health Organization (WHO) emergency and essential surgical and anesthesia stan-
dards: adequate blood reserves, an oxygen source, a pulse oximeter, and essential
medications available at every facility performing surgery [8§—10]. Of the equipment
that is present, 80% of it is donated [11]. Within a year, less than 30% of donated
anesthesia equipment remains functional [12]. Trained maintenance personnel are
in short supply, as are spare parts for the wide assortment of donated equipment.

Most surgeries in LMICs are done under spinal or ketamine anesthesia [13].
There may be cases where a general anesthetic is desirable, but unless appropriate
equipment, drugs, and personnel are available, this should be avoided. As always
with healthcare delivery in the low-resource world, if you are relying on the
resources of the local institution, you should do nothing that is not normally done at
that institution. If, however, you have brought on your trip the personnel, monitors,
equipment, and drugs that you would normally use in your home institution, then
your normal procedures and protocols would be appropriate.

Disclaimer

The intent of this chapter is not to instruct a surgeon on how to administer an anes-
thetic. It may be tempting in straitened circumstances to provide both anesthetic and
surgical care. However, performing surgery precludes simultaneously providing
vigilant anesthetic care. Even with a stable patient under an established anesthetic,
close monitoring must be sustained to ensure continued safety — impossible while
operating. It is estimated that 7% of avoidable anesthesia-related mortality is due to
the same individual operating and providing anesthesia [14].

Studies of anesthesia-related deaths and near misses reveal that most are avoid-
able and, when avoidable, usually involve human error. There are several common
factors associated with human error, most of which are intensified in the global
health environment (Table 14.1).

This chapter will describe the conditions under which your anesthetic colleague
is functioning and the potential consequences on your procedure. It is hoped that

Table 14.1 Potential exacerbations of human error

Factors associated with

human error Global health exacerbation

Inadequate preparation Haste to complete cases in limited duration of mission
Inadequate experience or Unfamiliarity with hospital, equipment, anesthetic procedure,
training or surgery

Environmental limitations Language difficulty between patient/anesthetist/surgeon/nurses
Physical and emotional factors | Fatigue, illness
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with a greater understanding of these limitations, you will help mitigate some of the
potential human error in your own practice and in that of your teammates.

Additionally the information in this chapter may facilitate your assistance should
your anesthesia partner require it.

Monitors and Equipment

Most facilities in LMICs have limited access to the monitors and equipment that we
in HICs would consider vital. The hardware with which you might be familiar may
not be available at all, be of a different class, and/or be partially functional.

The following is a brief overview of the monitors and equipment that may or may
not be available in the operating theater.

Stethoscope

As simple as it sounds, a stethoscope is a vital piece of equipment in a low-resource
operating room. By placing the bell on the suprasternal notch, it can be used to
simultaneously and continuously monitor the presence and quality of ventilation
and the heart rate and cardiac output.

Sphygmomanometer

In combination with a stethoscope, this is a must-have monitor. Most operating
theaters in the low-resource world will have a manual sphygmomanometer.
Automatic ones are few and far between.

Pulse Oximeter

If used continuously during surgery, a pulse oximeter can provide timely notice of
hypoxia, hypovolemia, and imminent cardiac arrest. The World Federation of
Societies of An@sthesiologists and the WHO recommend routine oximetry use for
all patients undergoing anesthesia [15, 16]. Thanks to the decrease in oximeter costs
and the efforts of organizations such as Lifebox [17], pulse oximetry is increasingly
available in low-resource settings.

Ventilator
A ventilator delivers oxygen to and removes carbon dioxide from an apneic patient.

Therefore, if a mechanical ventilator is unavailable, and the anesthesia provider is
unable to manually ventilate a patient for many hours, apnea is minimized by
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avoiding prolonged pharmacological paralysis. This has implications for those sur-
gical procedures where muscular relaxation is helpful.

Anesthesia Machine

An anesthesia machine is used to deliver anesthetic gases by inhalation to the
patient. In the low-resource world, there are a broad range of such machines of vary-
ing ages, design, and functionality. The anesthetic agents deliverable by these
devices will vary from hospital to hospital and even between operating rooms within
a single institution.

Capnometry

Monitoring the partial pressure of exhaled carbon dioxide has become an important
physiologic and safety monitor. Unfortunately the availability of capnometry in
LMICs is limited by the expense of the machines. Although this cost is decreasing
as it did for pulse oximeters, a capnometer is still beyond the budget of most low-
resource operating theaters.

Anesthetic Gas Analyzer

These analyzers provide the ability to monitor the level of an anesthetic agent in the
patient’s lungs and therefore extrapolate to levels in the blood and brain. Such infor-
mation is important for ensuring adequate anesthesia and also for evaluating pertur-
bations in the patient’s physiologic state. Unfortunately, the cost of these analyzers is
beyond the budget of most low-resource institutions. Consequently, patients often
ricochet between “too deep” and “too light” as the anesthetist responds to the patient’s
hypotension and movement.

Anesthetic Techniques
Ketamine Anesthesia

Ketamine is an inexpensive phencyclidine derivative that produces “dissociative
anesthesia” by disconnecting the limbic and cortical systems. Although the patient
may appear to be awake with open eyes and purposeful movements, they are non-
communicative and experiencing an intense analgesia and amnesia. Ketamine can be
administered by intravenous, intramuscular, oral, rectal, subcutaneous, epidural, or
transnasal routes. Bioavailability varies considerably between these methods. An
intravenous bolus of ketamine has an onset time of 1-5 min. This is slower than most
other intravenous anesthetic agents. The duration of action depends on the route of
administration (20-30 min for intramuscular and 10—15 min for intravenous).
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One reason for ketamine’s popularity in low-resource settings is that alone, and
when given slowly, it does not produce significant ventilatory depression. This
means that an intense analgesic state can be induced without the need for ventilatory
support. This is, of course, very important in an environment where there may not
be the equipment or personnel to intubate or provide ventilatory support. Ketamine
is commonly used for [18]:

* Abscess drainage

* Appendectomy

e Burn and general wound care

e Chest tube insertions

e Cesarean sections — alone or in combination with a patchy or diminishing
spinal

* Dilation and curettage

e ENT foreign body removal

» Exploratory laparotomy

e Hysterectomy

* Inguinal herniorrhaphy

» Laceration repair

* Orthopedic procedures:

— Amputation
Dislocation reduction

— Fracture reduction

— ORIF
e Prostatectomy

Unlike many other induction and sedation agents, ketamine acts as a sympathetic
nervous system stimulant, masking its cardiodepressant effects by the stimulated
release of catecholamines. Care should be taken with its use in critically ill patients
who may have depleted their endogenous catecholamine stores such as trauma
patients. In these individuals ketamine’s direct myocardial depressant effects may
be unmasked with resultant decreases in systemic blood pressure and cardiac
output.

Ketamine increases salivary secretions, and an antisialagogue is often included
in preoperative medication.

Many adult patients report unpleasant hallucinations, while under ketamine, pre-
medication with a benzodiazepine is often used to mitigate such recall.

Ketamine crosses the placenta. When ketamine is used for Cesarean sections,
newborns will be partially anesthetized and should be cared for accordingly.

Ketamine is included on the WHO List of Essential Medicines [10] but is consid-
ered a drug with abuse potential, so steps must be taken to limit unauthorized access.

Spinal Anesthesia

All of the neuraxial techniques (i.e., spinals, epidurals, and caudals) involve injecting
local anesthetic into the spinal canal to act upon nerve roots. With a spinal anesthetic,
the medication is injected directly into the thecal sac, and with an epidural or caudal,
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the medication bathes the nerve roots in the epidural space. A spinal technique pro-
duces a more intense block, and the administration has a more objective technical
end point (i.e., the presence of cerebrospinal fluid in the spinal needle).

Spinal blocks are usually administered at L1 or below and therefore, as a primary
anesthetic technique, have proven most useful for lower abdominal, inguinal, urogeni-
tal, rectal, and lower extremity surgeries. Upper abdominal procedures (e.g., chole-
cystectomy) can be performed with spinals, but it is difficult to achieve a sensory
block adequate for patient comfort while avoiding the complication of a high spinal.

In addition to sensory blockade, spinals produce a dense skeletal muscle block-
ade. This can be vital in a region that may have limited ability to provide prolonged
muscular paralysis with a general anesthetic.

Benefits of Spinal Anesthetic

» Blunts the stress response to surgery.

* Decreases intraoperative blood loss.

* Lowers the incidence of thromboembolic events.

* Decreases the morbidity and mortality in high-risk surgical patients. Perhaps the
greatest impact on mortality has been in Cesarean sections, where spinal anes-
thesia decreases mortality by half compared with general anesthesia [19].

Regardless of the local anesthetic used, most patients will experience onset of a
spinal block within minutes of injection. Time to peak effect varies with the medica-
tion used and ranges from 10 min (lidocaine) to 20 min (bupivacaine). Spinal blocks
do not end abruptly but recede from cephalad to caudad. There is an important dis-
tinction between the duration of surgical block and recovery of normal function.
These vary depending on the specific anesthetic, the dose, and any adjuvant medica-
tions added to the injectate. For example, lidocaine can last between 40 min and 4 h,
while bupivacaine can last between 1.5 and 6 h (Table 14.2).

Complications of Spinal Anesthesia
Complications can be thought of as resulting from the needle or the local anesthetic.
Below are the more common complications and those with which you may be able

to help.

Table 14.2 Contraindications to spinal anesthesia

Absolute Relative Controversial

Patient refusal Uncooperative patient Communication difficulty
Infection at injection site | Sepsis Complicated surgery:
Coagulopathy Pre-existing neurological conditions Prolonged procedure
Severe hypovolemia Severe spinal deformity Major blood loss
Increased ICP Stenotic valvular heart lesions Compromised ventilation
Severe aortic or mitral

stenosis




14 Essential Anesthesia 265

Needle

Backache —localized inflammatory response to the tissue insult from the needle. Up
to 30% of patients receiving only general anesthesia also complain of postoperative
backache. Can potentially be a symptom of spinal hematoma.

Post-dural puncture headache — thought to be due to decreased intracranial pres-
sure as cerebrospinal fluid leaks from the thecal sac through the hole left by the
spinal needle. Typically the pain is constant, bilateral, frontal, and occipital and
associated with photophobia and nausea. Classically it is relieved by lying down
and exacerbated by sitting or standing. Usually resolves in a few days to a week.

Spinal hematoma — usually occurs in the setting of a coagulopathy. Rapid surgi-
cal decompression is the treatment of choice.

Local Anesthetic

Urinary retention — blockade of the S2—-S4 nerve roots decreases bladder tone and
inhibits the voiding reflex. More pronounced in male patients, urinary catheteriza-
tion is recommended for all but the shortest of blocks.

High/total spinal anesthesia — occurs when local anesthetic travels high enough
to block the entire spinal cord, resulting in severe hypotension, bradycardia, and
respiratory insufficiency. Onset is usually rapid, and treatment consists of ventila-
tory and cardiopulmonary support.

Cardiac arrest — patients with a high vagal tone are at risk of cardiac arrest dur-
ing a spinal anesthetic. Commonly, arrest is preceded by a gradual decline in heart
rate and blood pressure. Rapid, aggressive treatment of bradycardia, and hypoten-
sion minimizes the risk of arrest.

Epidural Anesthesia/Analgesia

As mentioned above, an epidural technique involves injecting local anesthetic into
the epidural space where it bathes the nerve roots thus producing its effects. The
major differences between spinal and epidural techniques include:

e Correct placement of an epidural needle can be more technically challenging
than that of a spinal needle. This is because the epidural space is smaller and
potentially harder to find than the intrathecal space.

* Unlike spinal anesthesia, an epidural can be placed at any intervertebral space.
Sacral epidural anesthesia is referred to as a caudal block.

* A catheter can be placed in order to facilitate prolonged delivery of medication
with either spinal or epidural techniques. It is more common to place a catheter
with an epidural technique.

* An epidural technique produces a more focused region of anesthesia and/or anal-
gesia. This is one of the main reasons to use an epidural technique. The zone of
effect can be dictated by the level of placement of the epidural needle and the
volume and components of medication injected.

* Epidural anesthesia is slower in onset (10-20 min) and less dense than a spinal
block.
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» Because of the site of placement of an epidural needle and/or catheter, a test dose
must be administered before an epidural is used. This test dose is intended to
detect intravenous or intrathecal placement of the epidural. The most common
test dose is a 3 ml combination of local anesthetic and epinephrine (5 pg/ml). If
the epidural is in an epidural vein, the epinephrine will produce tachycardia (an
increase of at least 30 bpm) and/or hypertension (an increase of at least 20 mmHg)
in the patient. If the epidural is intrathecal, the local anesthetic will produce read-
ily identifiable spinal anesthesia.

Given the possibility of targeting specific dermatomes with an epidural tech-
nique, they can be very effective for postoperative or labor analgesia. Minimizing
reliance on opioids, and facilitating coughing and ambulation, can dramatically
reduce the incidence of postoperative pneumonia and speed recovery [20]. However,
in the low-resource setting, equipment for placement and personnel to monitor an
epidural can be scarce. Many high-resource organizations will equip their surgical
missions with epidural kits sufficient to provide postoperative analgesia for their
patients.

General Anesthesia

There are five components of general anesthesia:
. Unconsciousness
. Amnesia
. Analgesia
. Immobility
. Mitigation of autonomic responses to noxious stimulation

Production and maintenance of these components is a complex and fluid process.
Different portions of the surgical procedure will require emphasis on different con-
stituents of the anesthetic. For example, during skin preparation and draping,
emphasis will be placed on amnesia rather than analgesia, whereas during a perito-
neal dissection, emphasis will be placed on immobility, analgesia, and sympathetic
attenuation. Many of the medications used in anesthetic practice can achieve more
than one of these components. For example, opiates can deliver analgesia and auto-
nomic attenuation, while ketamine can provide unconsciousness, amnesia, and
analgesia.

[ I S ONI \SR

Course of a General Anesthetic

Induction of Anesthesia

1. Monitors applied and patient’s cardiopulmonary condition are confirmed
adequate for conduct of planned procedure.

2. Preoxygenation/denitrogenation. The lungs can be thought of as the oxygen sup-
ply tank for the body. Normally, our lungs contain 21% oxygen (i.e., the oxygen
content of room air), with the remainder mostly being nitrogen. Once we have
rendered a patient unconscious and unable to breathe for themselves, they are
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entirely reliant on us to breathe for them (i.e., remove carbon dioxide from the
lungs and replace it with oxygen using a bag-mask apparatus or an endotracheal
tube). Until we can fulfill this ventilatory requirement, their cells are dependent
on the oxygen supply in their lungs. Therefore. the more oxygen there is in their
fuel tank, the longer they will be able to survive without ventilation. Three min-
utes of spontaneous breathing of 100% oxygen will replace the nitrogen and
increase the oxygen concentration of the lungs to 95%. Consequently, this will
extend to 10 min, the time taken for an apneic patient to drop their saturation to
90%. Ten minutes is usually long enough to successfully intubate a patient. If
unsuccessful 10 min is long enough for an induction agent to wear off and a
short-acting neuromuscular blocker to be metabolized.

3. Medication administration. The particular choice of medication will be depen-
dent on the nature of the surgery, the nature of the patient, and the drugs avail-
able. However, as discussed above, given that the requirements for an anesthetic
include unconsciousness and immobility, these drugs will usually include a seda-
tive hypnotic (e.g., sodium thiopental, propofol) and a neuromuscular-blocking
drug (e.g., succinylcholine, rocuronium). These paralytic medications usually
have a longer onset time than the sedative hypnotics, and so, once rendered
unconscious, the patient will usually be mask ventilated while waiting for neuro-
muscular blockade to occur.

4. Intubation. Placement of an endotracheal tube (ETT) is the procedure most iden-
tified with anesthesia providers. It fulfills two functions. The cuff on the ETT
seals the trachea and protects the lungs from inflow of fluids from the upper air-
way, e.g., stomach contents, blood, or pus. Secondly, the cuff on the ETT enables
the anesthesia provider to generate intermittent positive pressure in the lungs and
therefore ventilates the patient rather than relying on them to breathe spontane-
ously. In any patient who has been adequately fasted prior to surgery (i.e., no
food or drink for longer than 4 h), this intubation process can take place in a
standard, stepwise fashion as described above. If the patient has not been ade-
quately fasted or has a disease process that increases their chance of aspiration
(e.g., diabetes mellitus, pregnancy), then a “rapid sequence induction” must
occur. This is an adaptation of the standard induction process that minimizes the
duration of time during which the patient’s airway is unprotected and minimizes
the insufflation of air into the stomach. The neuromuscular blocker is given at the
same time as the sedative hypnotic, and there is no mask ventilation while wait-
ing for paralysis. A difficult airway, expected or not, is a challenging event even
in a high-resource institution. In a low-resource setting, with limited preopera-
tive evaluations, relatively poorly trained, inexperienced staff, and few airway
adjuncts, it can rapidly lead to a patient’s demise. Therefore, in case a surgical
airway is required, the most experienced surgeon should be in the operating
room during induction and intubation.

Maintenance of Anesthesia
During the surgical procedure, the anesthesia provider will monitor the patient’s
cardiopulmonary status and modify the anesthetic to provide the five components of
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a successful general anesthetic (see Sect. 3.5 above). Moreover, resuscitative efforts
may be required depending on the patient’s preoperative physiological condition
and the events of surgery.

Most anesthesia machines in LMICs do not have functioning ventilators.
Therefore, either the anesthesia provider will manually ventilate the patient (unlikely
for a prolonged surgery), or the patient will spontaneously breathe. If the latter,
there will be no muscular paralysis. This may increase the difficulty of the
procedure.

Emergence/Extubation

Before a patient can be safely extubated, they must demonstrate a return to normal

function:

1. Spontaneous ventilation. Is the patient exhibiting the ability to breathe an appro-
priate tidal volume (i.e., 6—8 ml/kg) in a regular pattern (i.e., eight to ten breaths
per minute)? Only one of these is insufficient — both must be present. Most mod-
ern anesthesia machines have the ability to measure tidal volume and ventilatory
rate. If this is absent in the operating room, tidal volume can be estimated from
the degree of deflation of the ventilation bag, excursion of the chest wall, and
abdomen movement. Assessing ventilatory rate is a simple matter of counting.
Estimations can be misleading, as inadequately low ventilatory rates often seem
normal.

2. Airway protection. Having mitigated the patient’s autonomic reflexes for the
duration of the surgery, it is important to confirm that they have appropriately
returned before restoring airway protection responsibility to the patient’s
medulla.

(a) Strength. Has the patient’s muscular strength returned to the point where
they are able to generate a sufficiently strong cough? The textbook method
for assessing such strength is to have the patient hold their head off the bed
for 5 s. This reveals the strength of the patient’s abdominal musculature, i.e.,
the source of the power behind an adequately forceful cough. If the patient
is unable or unwilling to follow such commands, a similar assessment of
their strength can be gained by observing their movements as they emerge
from anesthesia.

(b) Coordination. Having the strength to generate an airway-clearing cough
does not necessarily mean that the patient is fully able to protect their lungs.
In addition they must have the coordination to take a breath, close their glot-
tis, tense their abdominal and thoracic musculature, and open their glottis in
the correct order and with the correct timing. Such coordination is a higher-
level function and can be assessed by the patient’s ability to follow com-
mands or demonstrate deliberate movements, for example, reaching for the
ETT as opposed to simply writhing nonproductively.

Once the patient has demonstrated adequate ventilatory function, normal

strength, and productive reflexes, the airway should be suctioned to minimize any

potential for aspiration of secretions and the ETT removed. The patient should then
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be supplied with 100% oxygen by mask for a brief period to ensure maintenance of
ventilatory function and exclude airway obstruction by soft tissue or laryngospasm.
If all remains well, the patient can be taken to the postanesthesia care unit with a
simple oxygen mask in place.

Postanesthesia Care Unit

The early postoperative phase is characterized by a relatively high incidence of
potentially life-threatening cardiopulmonary complications (Table 14.3). In HICs,
postanesthesia care units (PACUs) have significantly reduced the incidence of early
postoperative deaths. In fact the success of extended care in PACUs inspired the
development of modern intensive care units.

In LMICs where there is a shortage of manpower and equipment throughout
the hospital, close observation during the early postoperative time in close prox-
imity to the most appropriate personnel and equipment is vital to avoid unneces-
sary morbidity and mortality. The availability of personnel and monitors to
adequately run a PACU is a vital part of any surgical endeavor. If these resources
do not exist at the institution in which you intend to work, then you should bring
them with you.

Table 14.3 PACU complications

Pulmonary Airway Hypotonic tongue
complications obstruction Laryngospasm
(7% of PACU Secretions
complications) -
‘Wound hematoma
Edema
Hypoxemia Atelectasis — lasts 7-10 days

Pulmonary edema

Pneumonitis

Pulmonary embolism — air/thrombus/fat

Pneumothorax | Intubated patients with high airway
pressures

Trauma patients with rib fracture

Surgery near diaphragm

Hypoventilation | Drug induced

Intrapulmonary abnormality

Airway obstruction

Splinting due to pain

Residual neuromuscular blockade

Hypercarbia Malignant hyperthermia (see below)

Thyrotoxicosis

Rebreathing

Pulmonary embolism

(continued)
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Table 14.3 (continued)

Cardiovascular | Ischemia/ 75% of perioperative infarcts have no pain
complications infarction Tachycardia greatest risk factor for ischemia
Dysrhythmias Sinus Usually benign Sympathetic
tachycardia discharge
(100-150 bpm) MI
Hypoxemia/
hypocarbia
Hypovolemia/
anemia
Sinus Treat if: Opioids/
bradycardia beta-blockade
(<60 bpm) <45 bpm Athletes
Hypotension Vagal reflexes/
high spinal
Slow ventricular | Hypoxemia
response Elevated ICP
Premature atrial | Usually benign
complexes
Premature Treat if: Hypoxemia
ventricular >6/min
complexes Multifocal
Salvos Hypokalemia
Hypotension Hypovolemia
(3% PACU Anemia
complications) MI
Left ventricular failure
Dysrhythmias
Low peripheral vascular resistance (e.g., sepsis/spinal)
Hypertension Pain/anxiety
Bladder distension
ETT
Stress response to surgery
Hypervolemia
Hypoxemia
Missed antihypertensive medication

Malignant Hyperthermia

Malignant hyperthermia (MH) is a rare inherited myopathy with an incidence of
between 1:10,000 and 1:250,000 anesthetics. It is associated with abnormal calcium
channel receptors and modulators in the sarcoplasmic reticulum. There appears to
be no ethnic difference in incidence or pathology. Children under 15 years of age
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comprise 52% of all incidents, but it presents in all age groups. Patients with central
core disease, multi-minicore disease, central nuclear myopathy, and King-
Denborough syndrome are all predisposed to MH [21].

MH usually ensues following induction of a “triggering” anesthetic but can
rarely occur without an inciting event. It can occur immediately following or hours
after the inciting event. “Triggering” anesthetic agents associated with MH are the
halogenated volatile anesthetics (e.g., halothane, isoflurane) and succinylcholine.
Avoiding these triggering agents can avert MH, even in a known susceptible
individual.

MH is characterized by an acute hypermetabolic state, signs of which include
hyperthermia, tachycardia, tachypnea, increased CO, production, increased O, con-
sumption, acidosis, hyperkalemia, muscle rigidity, and rhabdomyolysis. One of the
earliest and most sensitive indicators of MH is the unanticipated two- or threefold
increase in end-tidal CO,.

Untreated, MH has a mortality of 100%. With treatment, mortality can be as low
as 5%.

Treatment of an acute MH crisis consists of:

* Immediate discontinuation of all triggering agents.

* Hyperventilation (to a minute ventilation of greater than 10 I/min).

* Administration of dantrolene (2.5 mg/kg repeated as required — titrate to heart
rate, body temperature, and end-tidal CO,).

* Cooling by all routes available (intravenous cool saline, topical ice to all exposed
areas, peritoneal exchange).

* Hyperkalemia should be managed in the standard fashion using glucose, insulin,
bicarbonate, and hyperventilation.

The preparation and administration of dantrolene is a labor-intensive and time-
consuming process. Therefore, this is one of those situations in which your anesthe-
sia colleague will require assistance while they are managing the patient’s rapidly
deteriorating physiology.

After the acute episode, there are three complications of MH:

1. Recrudescence. There is a 25% relapse rate within the first 24-72 h [21].

2. Disseminated intravascular coagulation. This should be managed in the standard
fashion.

3. Myoglobinuric renal failure. This should be treated with bicarbonate to protect
kidney tubules and mannitol to maintain >1 ml/kg/h urine output.

Due to the relatively low incidence of MH, and the relative expense of dan-
trolene, operating theaters in low-resource settings rarely stock dantrolene. However,
as it is the mainstay of MH treatment, if your anesthesia colleague is planning on
using triggering agents, particularly on children, dantrolene should be included in
your medication supply.

The Malignant Hyperthermia Association of the United States has a resource-
rich website with treatment cards and discussion boards — http://www.mhaus.org/
healthcare-professionals. In addition they have a hotline to assist in the acute man-
agement of an MH crisis (within the USA 1-800-644-9737, outside of the USA
209-417-3722).
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Table 14.4 Approaches to postoperative pain management

Administration
Route Medication Preop Intraop Postop
Oral Acetaminophen/paracetamol v 4
NSAIDs 4 v
Opiates v/ 4
Intravenous | NSAIDs v/ v/ v
Opiates v/ v/ v
Ketamine v/ v/ v
Lidocaine [24] v v
Regional Nerve block Lidocaine/bupivicaine/ v v 4
Spinal ketamine/clonidine v/
Epidural/caudal v 4 v

Postoperative Pain Management

Inadequately treated pain increases short- and long-term morbidity and mortality.
Despite acceptance that access to pain treatment is a human right [22], many LMICs
lack even the most basic pain medications (e.g., opioids, nonsteroidal anti-
inflammatories) that are on the WHO List of Essential Medicines [10]. Even with
this deficit, there are still many possible approaches to managing your patient’s
postoperative pain (Table 14.4) [23].

Summary

Surgery is a team sport. Given the personnel and equipment surpluses in the high-
income world, the necessity for such cooperation is less acute than in the low-
income world. Whether you are operating with a trusted colleague from your home
institution or a local anesthesia provider with whom you are unfamiliar, the willing-
ness and ability to collaborate in a low-resource environment will prove vital for the
provision of safe surgical care for your patient.

Appendix

In the event that your anesthesia colleague requires analytical or interventional
assistance with an unstable patient, here are a few diagnostic aids to assist with
managing common perioperative events.

Hypoxemia

Defined as oxygen saturation less than 90% or a decrease of more than 5%
Until proven otherwise, low oxygen saturation indicates hypoxemia.
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Table 14.5 Differential diagnosis of hypoxemia

Decreased delivery Decreased FiO,
Circuit tubing or ETT kinked
Leaks in system

Low O, flows (masks)

Inadequate ventilation

Obese patient

Low tidal volume/respiratory rate

Right main stem intubation

Bronchospasm

Pneumothorax

Ventilation/perfusion mismatch

Atelectasis/pneumonia

Aspiration/secretions

Pulmonary embolus

Pulmonary edema

Cardiac shunts

Decreased transportation Low cardiac output/hypotension
Artifacts Blue dyes (e.g., methylene blue)
Electrocautery

Cold hands/Raynaud’s/decreased perfusion

Management

e Increase O, delivery to 100%.

e If available, check ETCO, and peak airway pressure.

* Hand ventilate with large volumes.

e Look at chest and auscultate breath sounds.

* Check endotracheal tube and circuit.

e Suction airway.

e Check pulse oximeters and color of patient (Could it just be machine artifact?).
e Should the patient be reintubated?

e Table 14.5.

Hypotension

Defined as a decrease in mean arterial pressure of more than 20% below baseline
(Table 14.6).

Initial Checklist

* Verify BP (e.g., is someone leaning on blood pressure cuff?).
e Check other vital signs (heart rate, CO,, oxygenation).

e Check blood loss or persistent surgical venous compression.
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Table 14.6 Differential diagnosis of hypotension

Preload

Afterload

Contractility

True hypovolemia:

1. Neuraxial anesthesia/
spinal shock

1. MI/ischemia

1. Ongoing hemorrhage

2. Release of aortic cross-clamp

2. Dysrhythmias

2. Inadequate resuscitation

3. Anaphylaxis/transfusion
reaction

3. Congestive heart failure

3. Fluid sequestration

4. Systemic inflammation/sepsis

4. Hypothermia (<32 °C)

4. Vomit/diarrhea

5. Liver failure

5. Hypothyroidism

5. Osmotic/diuretic polyuria

6. Rewarming

6. Malignant hyperthermia/
sepsis

6. Pre-existing hypertension

7. Hypothyroid

7. Hypocalcemia

(i.e., chronic volume depletion) | g Drugs: 8. Severe acidosis/alkalosis
Relative hypovolemia: (1) Antihypertensives 9. Drugs:

1. Positive pressure ventilation (i1) Antidysrhythmics (i) Anesthetics

2. Tension pneumothorax/ (iii) Anticonvulsants (i1) Antidysrhythmics

cardiac tamponade

3. Caval compression
(e.g., pregnancy, tumor,
surgical packing)

4. Pulmonary hypertension/
pulmonary embolism

5. Valvular disease

6. Head-up position

(iv) Induction/inhalational
agents

(iii) Calcium/adrenergic
blockers

(iv) Local anesthetic
toxicity (especially
bupivacaine)

Initial Treatment

 Intravenous (IV) wide open (crystalloids).
e Decrease or stop anesthetic.

e Increase FiO,.

e Administer
vasopressin).

e Consider:

e Head-down position.

e More/larger IV access.

* Give colloids/blood.

e Table 14.6.

Hypertension

inotropes/vasopressors

(ephedrine/phenylephrine/epinephrine/

Defined as an increase in blood pressure more than 20% above baseline.

Initial Checklist

e Verify BP (e.g., is someone leaning on blood pressure cuff?).
e Check other vital signs (heart rate, CO,, oxygenation).
e Check sources of anesthetic (IV, vaporizer).
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Initial Treatment

* Increase anesthetic (vaporizer/epidural/local).
e Labetalol — 5 mg increments.

e Nitroglycerine — 0.1-2 mcg/kg/min.

* Nitroprusside — 0.1-3 mcg/kg/min.

* Nifedipine — 10 mg sublingual.

Differential Diagnosis of Hypertension

Pre-existing Disease

* Hypertension/heart failure

» Early acute myocardial infarction/aortic dissection

* Autonomic hyperreflexia (spinal cord transection at or above T7)
e Increased intracranial pressure

e Autonomic instability

* Alcohol withdrawal

* Endocrine (hyperthyroid/hypoglycemia/pheochromocytoma/carcinoid)
e Preeclampsia

* Bladder/colon/stomach distension

Surgical

* Aortic cross clamping

* Prolonged tourniquet time

* Post-myocardial revascularization

* Post-carotid endarterectomy (denervation of carotid baroreceptors)
* Hypervolemia (TURP syndrome)

Anesthetic

* Pain/light anesthesia

e Increased temperature (malignant hyperthermia)
* Hypoxemia/hypercarbia/metabolic acidosis

* Hypervolemia/vasoconstriction

* Blood pressure cuff too small

* Emergence delirium

Drugs

* Vasopressors

e Systemic absorption of vasoconstrictors

*  Monoamine oxidase inhibitors/tricyclic antidepressants
e Cocaine/ketamine

* Naloxone (reverses opiates)

e Intravenous indigo carmine dye

e Rebound (i.e., clonidine/p-blocker cessation)
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Table 14.7 Differential diagnosis of prolonged emergence

Prolonged drug action

Metabolic causes

Neurologic injury

Overdose

Hypothermia (<33 °C)
Increased sensitivity
Decreased protein binding
Redistribution

Drug interaction

Hypoxia/hypercarbia
Organ dysfunction:
Hepatic
Renal
Endocrine
Hypoglycemia/hyperglycemia
HONK(/diabetic ketoacidosis
Electrolyte imbalance:
Hyponatremia
Hypocalcemia
Hypomagnesemia
Hypothermia (<33 °C)
Sepsis
Alcohol

Intracranial:
Hemorrhage
Contusion

Cerebral embolus

Cerebral ischemia

Seizure:
Subclinical
Postictal state

Raised ICP

Pneumocephalus

Prolonged Emergence

Defined as unexpected failure to regain consciousness 30—60 min after cessation of
general anesthesia (Table 14.7).
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for Surgeons: A Primer

Bruce C. Steffes and R. Gregory Juckett

Introduction

The Essentials

e In LMIC environments, that which appears to be “surgical” may not be.

e Diagnostic and therapeutic options may be at a minimum putting a
premium on the history, physical exam, and knowledge of the disease.

e Algorithms for diagnosis and treatment are different in the LMIC.

e Do not to fail to prepare or to take care of yourself.

Surgery in the tropics requires more than just the right set of surgical skills. It is also
vital that the surgeon understands the various local infectious diseases and how they
present. This is consistent with the aphorism that the best surgeon is the internist
who cuts. What may first appear to be “surgical” may not be. The differential diag-
nosis in this new area of practice involves all the usual suspects plus the local tropi-
cal diseases; thus, “tropical” algorithms for care must supplant the familiar ones
from home. Conditions caused by infectious disease will often change the operative
risk and confuse postoperative conditions. The challenge is to provide the same
level of surgical care in an environment where resources are limited, little if any
backup is available, and many patients suffer from malnutrition.

Conditions caused by infectious disease change the operative risk. Severe immu-
nosuppression from HIV-AIDS and/or malnutrition are common, and both
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conditions may be exacerbated by parasitic infection or concomitant tuberculosis.
Anemia, from malaria or hookworm, seems ubiquitous in low- and middle-income
countries (LMICs). Many such areas report anemia in 50-98% of children and
27-49% of women. Twenty percent of these anemia cases are severe [1]. The
Advanced Trauma Life Support (ATLS) “rule” of giving two liters of crystalloid (or
two boluses of 20 mL/kg) and then type-specific blood presumes a normal starting
hematocrit. Blood may be needed well before then in the anemic patient who already
has a severe deficit in oxygen carrying capacity.

Blood transfusions to correct anemia pose a major challenge in global health. A
severely anemic patient facing surgery requires blood immediately. However, such
transfusions are often unavailable and are certainly not without risk. The presence
of HIV and hepatitis B and C in the donor supply may make the risk of transfusion
even greater.

Medical students in the Global North may be taught that the causes of postopera-
tive fever are the “5 Ws” of wind, water, walking (vein), wound, and wonder drugs.
In the Global South, it’s often the “3 Ms” of malaria, malaria, malaria and maybe
only later the “5 Ws.” Students in the North are taught the law of parsimony in mak-
ing a diagnosis (“No matter how you push and squeeze, the symptoms have to fit
just one disease.”). In less-developed areas, it seems that everyone has two or three
diseases.

The prevalence of infectious disease and its consequences brings into play
Bayesian probabilities, i.e., hoofbeats here really can be zebras. In some regions,
intestinal nematodes, not small bowel adhesions, may be the leading cause of small
bowel obstruction. That changes diagnostic and care algorithms. Similarly, depend-
ing on where you are, jaundice may be more often related to worms or flukes than
to gallstones. A patient with hematuria may have schistosomiasis rather than kidney
stones. On the other hand, it is equally important to remember that tropical hoof-
beats may still be horses: not all cases of dysentery are due to ameba or
shigellosis.

Diagnosis is often difficult in the austere clinical environment of the tropics.
Advanced laboratory techniques are neither available nor affordable, and even the
most basic microbiology lab is a distinct luxury. Decisions often must be made
quickly with a minimum of laboratory support. Treatment is more likely to be
empiric with trials of the most appropriate medications available at the time.

Basic assumptions, like universal tetanus immunization, are also challenged in
these settings. The surgeon in the global health environment should never forget the
risk of tetanus. Patient immunization status may be uncertain, and many, if not
most, patients are inadequately immunized — even if they have records of having
received it. Tetanus immune globulin is hard to come by, so vaccination at the first
thought of tetanus risk is the best option.

The surgeon who is preparing to work in tropical medicine would be well advised
to prepare adequately. If time and degree of involvement permit, there are some
excellent courses in tropical medicine and humanitarian surgery which range from
day courses to those of several weeks or months in length. A good printed or elec-
tronic general patient care manual and some critical smartphone apps or URLs are
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Table 15.1 Suggested print and electronic resources for tropical medicine

Print and Kindle Allman K, Wilson 1. Oxford Book of Anaesthesia, 2016
Auerbach P, Constance B, and Freer L. Field Guide to Wilderness Medicine. 2013
Brent A, Davison R, Seale A. Oxford Handbook of Tropical Medicine. 2014
Cahill K. Tropical Medicine: A Clinical Text. 2011

Farrar J, Hotez P. Manson’s Topical Diseases, 2013 (also online access)

Keystone JS, Freedman DO. Travel Medicine: Expert Consult. 2013 (also online access)

Magill A, Ryan E. Hunter’s Tropical Medicine and Emerging Infectious Disease, 2012 (also
online access)

Palmer D, Wolf C. Handbook of Medicine in Developing Countries. 2014
Print only
Sanford CA; Jong E. The Travel and Tropical Medicine Manual 2016

King, M. Primary Surgery — Volume 1 (Non-Trauma; 1993); Primary Surgery — Volume 2
(Trauma, 1993); Primary Anesthesia (1986). Only available from www.talcuk.org

Internet sources

Open Library — Rockwood, Green and Wilkins’ Handbook of Fractures https://openlibrary.org/
works/OL14849703W/Rockwood_Green_and_Wilkins’_handbook_of_fractures

Open Access ENT text: http://www.entdev.uct.ac.za/guides/
open-access-atlas-of-otolaryngology-head-neck-operative-surgery/

PAACS Principles of Reconstructive Surgery: http://www.paacs.net/involved/paacs-resources/

Urology textbook: http://www.urology-textbook.com/

Surgical Care at the District Hospital - WHO Manual. Free download from http://www.who.
int/surgery/publications/scdh_manual/en/index.html

Semer Nadine, “Practical Plastic Surgery” Philadelphia: Hanley and Belfus, 2001 PDF
downloadable from http://www.practicalplasticsurgery.org/docs/PPS_complete.pdf

Maurice King’s Primary Surgery wiki (Courtesy of the Canadian Network for International
Surgery) has many chapters downloadable as PDFs. Volume 1 http://www.cnis.ca/what-we-do/
african-information-program/primary-surgery-wiki/ and Volume 2 https://www.ghdonline.org/
surgery/discussion/primary-surgery-trauma-volume-2-2/

strongly recommended to help treat both surgical and nonsurgical infectious disease
(see Table 15.1). Once in the tropics, locally experienced clinicians provide a gold
mine of information and their opinions should be sought and respected.

It is critical that the surgeon also prepare to take care of his own health. While in
the planning stage, consult with a travel health expert before departure for his or her
advice on antimalarial prophylaxis, vaccinations, and necessary prescriptions for
antibiotics. Allow enough time to complete the longer vaccination protocols (e.g.,
6 months for hepatitis). Study the Centers for Disease Control and Prevention
(CDC) recommendations for travelers to those countries. Ensure that you have a
supply of freshwater or have a high-quality portable water filter. Take necessary
precaution against insect bites (including high-quality mosquito repellents and
nets). As much as possible, wear the appropriate personal protective equipment. In
the operating room, always wear splash guards or protective eyewear, double-glove,
and use “no touch” methods in passing sharps. Ensure that you will have access to
the drugs necessary for postexposure prophylaxis for HIV.
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Malaria

The Essentials

*  Knowledge of the common strains and treatment of malaria in your area of
service is critical.

o Single-drug therapy of malaria is not recommended.

*  You should use a good antimalarial prophylaxis regimen and avoid insect
bites since prophylaxis does not actually prevent contacting the disease.

*  You should know your G6PD status if you are serving in an area where P.
ovale and P. malariae are common.

* Tropical splenomegaly patients should be treated for a prolonged period
with antimalarials before considering surgery.

» Splenectomy in tropical splenomegaly due to visceral leishmaniasis (kala-
azar) is reserved for cases of severe hypersplenism (uncommon) and drug
resistance.

Introduction

Malaria continues to be a major scourge in many LMIC (especially those in sub-
Saharan Africa) and should be considered in the differential diagnosis of any febrile
patient, including post-op patients. Many surgical cases present with malarial coin-
fection, and it is common for some patients to have several different diseases.
Mosquitoes are such a problem in developing nations that many unscreened hospi-
tals must enforce the use of bed nets to prevent nosocomial malaria infections in
surgical patients. About half a million African children are thought to die of malaria
every year, down from one to two million in the recent past. For those who survive
their childhood encounters with this disease, malaria becomes a debilitating recur-
rent illness resulting in chronic anemia and fatigue. Besides Africa, other key
regions for malaria include South and Southeast Asia (especially during the mon-
soon), the Amazon, and Oceania (Papua New Guinea, Solomon Islands, and
Melanesia) [2].

Life Cycle and Species

Anopheles mosquitoes spread malaria by injecting sporozoites when they bite.
These multiply in the liver, reemerging as merozoites which attack red blood cells.
Merozoites become trophozoites, the feeding form of the parasite, feasting on the
host’s hemoglobin and soon destroying infected red cells to release yet more mero-
zoites and repeat the cycle. It is the lysis of RBCs (erythrocytes) and release of
cytokines, eventually occurring in synchrony, which is responsible for the shaking
chills (rigors) and periodic fevers of classic malaria. Female Anopheles mosquitoes
become infected when they take up the reproductive cells, gametocytes, in their
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Fig. 15.1 Life cycle of malaria [3] (Figure courtesy of DPDx and CDC site http://www.cdc.gov/
malaria/about/biology/)

human blood meal, with the sexual aspect of malaria’s life cycle occurring in the
mosquito gut with subsequent dissemination to the salivary glands (Fig. 15.1) [3].

The most serious form of malaria, Plasmodium falciparum (malignant tertian),
produces febrile episodes every 48 h and is associated with the dreaded complica-
tions of cerebral malaria (coma and death), “blackwater fever” (hemoglobinuria and
kidney failure), algid malaria (cold clammy skin, vomiting, diarrhea, or dysentery),
and noncardiogenic pulmonary edema. Red cells infected by P. falciparum develop
surface knobs, causing them to sludge and eventually obstruct capillary networks in
the brain and kidney. This form of malaria predominates in sub-Saharan Africa but
may be found throughout the tropics. Falciparum malaria is also the most resistant
to drugs. It is usually resistant to chloroquine outside of Central America and Haiti
and has also developed resistance to mefloquine in much of Southeast Asia.

Vivax malaria (“benign tertian,” caused by P. vivax) is the other common malaria
species, also causing fever every 48 h. It is more tolerant of cold and can be found
at higher elevations, or in temperate climates, as well as tropical areas. Although a
serious debilitating infection, it is far less likely to be fatal, although splenic rupture
may occasionally result in death. This malaria can persist in the liver as hypnozo-
ites, or “sleeper cells,” allowing it to survive unfavorable conditions in the host and
permitting multiple relapses. In that case, patients stressed by surgery can relapse
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even without reexposure to malaria. Black Africans are relatively resistant to P.
vivax since they lack the Duffy antigen, the receptor which allows vivax malaria to
penetrate the RBC membrane.

Vivax malaria has developed resistance to chloroquine in Indonesia and Papua
New Guinea. Both the blood and liver forms of vivax must be treated to effect a
cure. So, in addition to typical malaria treatment to eliminate merozoites, patients
with P. vivax must also be treated with primaquine phosphate if relapse is to be
prevented. As primaquine provokes hemolysis in patients with G6PD (glucose-6-
phosphate dehydrogenase) deficiency, all patients should be screened for this prior
to its administration. Surgeons who work in areas known to have endemic vivax
malaria are advised to know their own G6PD status.

The remaining two species of human malaria are far less common. P. ovale (also
termed “benign tertian” malaria) is found in W. Africa and sporadically around the
globe. It is very similar to vivax but easily infects African blacks. It too must be treated
with primaquine to eradicate the liver phase and thereby remove the risk of eventual
relapse. P. malariae (“benign quartan malaria,” causing fever every 72 h) is the rarest
and least virulent malaria species and can persist for long periods in the blood with
minimal symptoms, making this the most likely malaria to be spread by blood transfu-
sions. It is also the malaria species most likely to result in nephrotic syndrome.

P. knowlesi is a lesser known type of malaria affecting primates in SE Asia. It
was recently described as causing zoonotic infection in humans. It is a virulent dis-
ease clinically resembling P. falciparum and is treated in the same manner.

Presentation

Malaria begins with a flu-like illness with nonperiodic fever and sweats. Synchronous
fever only develops later in the course of the disease after the red blood cells start
lysing in unison to produce a diagnostic febrile pattern. Therefore, malaria must be
suspected with any febrile illness (periodic or not) in an endemic area and with any
travel history to an endemic area. The classic malaria presentation of shaking chills
(rigors) followed by high fever, headache, and myalgias on alternating days, while
typical, should never be considered necessary for diagnosis. Patients on inadequate
prophylaxis may have more subtle symptoms with a resultant dangerous delay in
diagnosis. Hemolysis often results in significant jaundice (unconjugated hyperbili-
rubinemia) superficially resembling clinical hepatitis. Splenic enlargement pro-
duces abdominal discomfort in the left upper quadrant. Falciparum malaria has
innumerable presentations with cerebral, renal, pulmonary, and gastrointestinal ver-
sions mimicking many other diseases. Malaria causing dysentery with fever may be
mistaken for Shigella infection. Headache with fever may be caused by either men-
ingitis or malaria, and both conditions must be excluded, especially in the meningi-
tis belt of Africa. In a population which is generally partially immune, recurrent
disease may be a sign of immunosuppression — look for a secondary process (e.g.,
pneumonia, urinary tract infections, HIV-AIDS, etc.). The immunosuppression of
trauma or surgical insult can cause recurrence of malaria.
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Children more commonly have convulsions, coma, hypoglycemia, metabolic
acidosis, severe anemia, and neurodevelopmental sequelae. Adults are more likely
to have severe jaundice, acute renal failure, and acute pulmonary edema.

Diagnosis

Malaria may be diagnosed with rapid diagnostic tests (RDTs) or with thick and thin
blood smears. Blood smears remain the gold standard. However, antigenic testing
(RDTs) of the right type for the malaria in the region can not only provide rapid
diagnosis but also identify the malaria species. Limitations may include persistent
reactive titers from prior infections, cost of the test, and the inability to determine
the level of parasitism. The thick blood smear determines if malaria is present, while
the thin smear helps identify the malaria species. In many African countries, where
98% of all malaria is due to P. falciparum (vivax being unlikely in the black popula-
tion), the thick smear is often the only test performed. Thin smears are essential to
speciate the malaria parasite, determining if it is P. falciparum, vivax, ovale, or
malariae. Only blood smears can determine the level of parasitism and gauge the
effectiveness of therapy. A smear may be initially negative, especially if obtained
between febrile episodes, and up to three specimens 8 h apart may be necessary to
confirm a diagnosis. Malaria should be suspected before fever periodicity develops
and prompt treatment can be lifesaving [4]. If parasitemia is greater than 2% on the
thick smear, the patient most likely has P. falciparum (or P. knowlesi). This is true
because P. vivax and P. ovale only infect reticulocytes; therefore, the parasitemia is
about 1-2%. (Fig. 15.2a, b) [5].

Fig. 15.2 (a, b) Ring forms of P. falciparum in thick smear (left) and thin smear (right) [5]
(Photos courtesy of DPDx and CDC site http:/www.cdc.gov/dpdx/malaria/gallery.html#pfalringf
ormtrophs)
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Treatment

Uncomplicated falciparum and other malarias are often treated with artemisinin
combination therapy (ACT). The Ministry of Health in many countries have often
selected one or more types of combination drugs and the others are not available, so
asking one’s co-workers or pharmacist can be helpful. Perhaps the most common
option is artemether-lumefantrine (Coartem, Riamet) which can be given as a 3-day
course (for nonimmune travelers) or as a 2-day course for those with prior malaria
exposure (immunity is never complete with malaria even in those exposed fre-
quently). Coartem is available in the USA as well. Atovaquone-proguanil 250/100
(Malarone) is another reasonable option, given as four tablets daily x 3 days. Older
regimens include quinine and doxycycline (multiple side effects), mefloquine (neu-
ropsychiatric side effects), or sulfamethoxazole-pyrimethamine (less effective).
Chloroquine therapy is now reserved for only Central America, the island of
Hispaniola, and the relatively few areas still sensitive to this drug. For vivax and
ovale malaria, primaquine phosphate 15 mg two tablets daily x 2 weeks should be
prescribed for terminal treatment, to prevent later relapse. GOPD deficiency should
be excluded before primaquine is used [6].

Complicated or severe infection in the nonimmune patient (severe defined as a
parasitemia >2%) with falciparum malaria (including its cerebral, renal, GI, and
pulmonary complications) must be treated with IV artesunate or quinine (or quini-
dine in the USA, where IV quinine is unavailable) [7, 8]. Artesunate is now the drug
of choice for complicated malaria as it clears the malaria parasite more rapidly than
quinine.

Recidivism is high when artemisinins are used either orally or parenterally as
monotherapy, and therefore as soon as oral medication can be taken, doxycycline or
clindamycin should be started as a complete course. In the event IV quinine is used,
it should always be given with dextrose 10% infusion and every 2 h blood sugar
checks to prevent hypoglycemia. Hypoglycemia is particularly a problem in chil-
dren and pregnant women. The Centers for Disease Control and Prevention (CDC) —
USA) maintains a 24 h hotline to assist clinicians with difficult malaria cases [9].

Prevention

Prevention of malaria is through the use of permethrin-treated bed nets and the
appropriate use of prophylactic drugs (chloroquine, mefloquine, atovaquone-
proguanil, or doxycycline). Insect repellents after dusk and bed nets are very helpful
[10]. Natural immunity to malaria achieved by frequent exposure to the infectious
mosquito is at best short-lived and disappears in as little as 6—12 months after going
to a non-malarial region. For a nonnative, attempting to acquire malaria immunity
through natural infection is an untenable strategy. As Philip Briggs in the Bradt
Travel Guide for Uganda states “Some travelers prefer to acquire resistance to
malaria rather than take preventative tablets, or they twitter on about homeopathic
cures for this killer disease. That’s their prerogative, but they have no place
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expounding this ill-informed drivel to others. Travelers to Africa cannot acquire any
effective resistance to malaria, and those who don’t make use of prophylactic drugs
risk their life in a manner that is both foolish and unnecessary” [11].

Tropical Splenomegaly

All forms of malaria can lead to splenomegaly, but some chronic malarial infections
are thought to result in the “tropical splenomegaly” syndrome (synonym: hyperac-
tive malarial syndrome). It is unclear whether it is a property of the disease or the
patient’s response to the disease or a combination. This condition is characterized
by massive enlargement of the spleen (10 cm below costal margin), high IgM levels
(>2 standard deviations above local mean), and high malaria antibody titers.
Documented malaria parasitemia is rare in these patients, however. Tropical spleno-
megaly is especially common in malnourished patients found in Eastern Indonesia
and Papua New Guinea. The liver can also be enlarged with lymphocytic infiltration
of the hepatic sinusoids (Fig. 15.3).

Symptoms include massive splenomegaly with abdominal swelling, discomfort,
and anemia. The differential diagnosis of splenomegaly includes non-cirrhotic por-
tal fibrosis (common in India), kala-azar (leishmaniasis), schistosomiasis, lympho-
proliferative disorders, typhoid, TB, thalassemia, and Felty syndrome.

Treatment is with antimalarial drugs for at least 1 year. Despite the size, splenic
rupture is uncommon as is portal hypertension and ascites. Splenectomy is a last
resort and should be performed only if long-term antimalarials fail and the patient
is uncomfortable and suffers from hypersplenism. Vaccination against pneumococ-
cus, meningococcus, and H. influenzae B should be carried out before splenec-
tomy. Asplenic patients must be vaccinated as well and treated aggressively for
infections [12].

Fig. 15.3 A young boy in West Africa with tropical splenomegaly
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The massive splenomegaly of visceral leishmaniasis (kala-azar) usually causes
hypersplenism, but unless it is severe, splenectomy is reserved for massive sple-
nomegaly in the face of drug-resistant kala-azar [13, 14]. The mechanisms for
increased sensitivity after splenectomy is unclear. Liposomal amphotericin B,
antimony, and miltefosine (oral) are all used to treat kala-azar. Miltefosine is the
drug of choice for kala-azar in South Asia where resistance to antimonials is
common.

Enteric Fever (Typhoid and Paratyphoid)

The Essentials

* A disease of poverty and fecal contamination of water, it is more common
in dry season.

» The commonly available Widal test is of little practical help.

* Typhoid vaccination, whether oral or intramuscular, is not fully
protective.

* Antibiotic resistant typhoid is on the rise.

» Steroids are only used in very severe disease, e.g., coma, obtundation, or
shock, and may go the way of steroids in other cases of septic shock.

* GI hemorrhage is more common than perforation, but perforation is the
most common indication for surgery.

» The proper surgical treatment is still debated for some cases, but resection
is preferable for multiple perforations close together. Second-look lapa-
rotomy may be indicated.

* Acute typhoid cholecystitis is more common in children.

Typhoid fever is caused by Salmonella enterica, serotype Typhi. Milder paraty-
phoid fever is a similar infection caused by other Salmonella enterica serotypes
Paratyphi A, B, or C. Enteric fever, which refers to both typhoid and paratyphoid, is
a global disease of less-developed regions with poor hygiene, with typhoid having
the higher mortality (10-20%) if not treated. One-third of the world’s population is
at risk. Children in South and Southeast Asia are the most frequently affected, but
the disease is also found throughout sub-Saharan Africa and parts of Central and
South America [15]. Carrier states may develop in some patients, especially those
with chronic cholecystitis or urinary schistosomiasis.

Presentation

Symptoms of typhoid fall into four 1-week stages, following a prolonged incubation
period (up to 30 days after exposure). The first stage is characterized by progressive
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Fig.15.4 (a,b)Young Togolese boy with typhoid facies (a) and evidence of obtundation, abdomi-
nal distension, and previous treatment (lettering on abdomen) by a national healer (b)

fever, headaches, abdominal discomfort, constipation, and weakness. The second
stage is marked by high sustained fever (38—40 °F), often with relative bradycardia
(Faget’s sign). Cough and rhonchi at this stage resemble bronchitis. Light-skinned
patients may develop “rose spots” on their chest and abdomen, which are actually
bacterial skin emboli. Pea-soup diarrhea with a foul odor often replaces constipa-
tion in the second stage, and the abdomen is usually distended and tender. Delirium
with high fever is common. The so-called typhoid facies is evident at this point (see
Fig. 15.4a, b). The third stage is characterized by continued fever and debility with
potentially fatal complications: intestinal hemorrhage, metastatic abscesses, and
distal ileal perforation. The Peyer’s patches in the distal ileum are prone to hemor-
rhage, and this area also becomes subject to perforation, resulting in peritonitis and
free air in abdomen. Operative intervention at this stage is lifesaving. Recovery
usually occurs slowly in the fourth week of illness [16, 17].

Atypical manifestations of typhoid fever include cholecystitis, acute lobar pneu-
monia, isolated arthralgias or myalgias, urinary symptoms, severe jaundice, or fever
alone. Some patients present primarily with neurologic manifestations such as iso-
lated severe headaches that may mimic meningitis, delirium, or, in extremely rare
cases, parkinsonian symptoms, Guillain-Barré syndrome, or acute transverse myeli-
tis [18]. Other unusual complications include pancreatitis, orchitis, osteomyelitis,
and abscesses anywhere on the body.
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Diagnosis

The diagnosis of typhoid and paratyphoid is based on blood or bone marrow cul-
tures, with the latter being the most accurate. Stool cultures are the least accurate.
Blood cultures are typically positive in the first and second weeks. The old-fashioned
Widal test (anti-O and anti-H antibodies) becomes positive only in the second week
of illness and is less useful, since empiric therapy should be started before the Widal
is available. Also, false positives from prior typhoid infections limit the value and
usefulness of this antiquated test. Platelet counts may drop later in the disease.

Prevention

Typhoid is spread through fecal-oral contamination; thus, it is preventable through
proper sanitation, food handler hand hygiene, and control of flies. There are two
typhoid vaccines but both provide only about 70% protection. The live oral vaccine
(Vivotif Berna Oral Typhoid®) consists of four capsules, taken once every other day,
with a 5-year protective effect. It can be used in nonpregnant, immunocompetent
patients >6 years of age. The injectable killed vaccine (Typhim VI®) is effective for
only 2 years. It can be given to children >2 years.

Treatment

Treatment has traditionally been with chloramphenicol or trimethoprim-
sulfamethoxazole in the developing world. Ciprofloxacin soon became the antibi-
otic of choice, but quinolone resistance, particularly in South Asia, limits its use
today. Azithromycin 500 mg daily (pediatric dose 20 mg/kg/d) x 7 days has now
replaced ciprofloxacin as the most effective treatment [19]. Ceftriaxone is an inject-
able option but may be less effective than azithromycin. A super multidrug-resistant
typhoid (H58) strain originally from South Asia is now replacing sensitive strains in
Africa and Asia. Although plasmid-mediated drug resistance is nothing new for
typhoid, the H58 strain incorporates antibiotic resistance into typhoid’s permanent
genome and is now at near epidemic levels in many areas [20]. More recent advanced
antibiotics can be effective against typhoid but often unavailable or too expensive
for routine use in LMIC.

Typhoid is one of the few infections where steroids might be beneficial, but only
in very severe disease, such as coma, obtundation, or shock [21]. This was based on
a single Indonesian study [22] and remains somewhat controversial (dexametha-
sone 3 mg/kg followed by 1 mg/kg every 6 h for a total of 48 h). Of the very sick
patients treated with steroids, there was a 10% case mortality rate in those treated
with dexamethasone compared to 55.6% in the placebo group. Steroid treatment
beyond 48 h may increase the relapse rate. Note that a subsequent 1991 steroid trial
with hydrocortisone showed no significant difference [23], and this treatment should
be reserved for only the most ill typhoid patients.
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Fig.15.5 Two punched out perforations of the terminal ileum are indicated by black arrows. The
blue arrow points to a Peyer’s patch that is necrotic. Notice the moderate fibrinopurulent
peritonitis

Surgical Interventions

As mentioned, surgery for carrier state is NOT a usual indication, despite the noto-
riety of “Typhoid Mary Mallon.” Normally, the indication for surgery is the same as
it is for the treatment of any chronic cholecystitis per se; ablation of the gallbladder
doesn’t always work for the carrier state.

Although actually more common, gastrointestinal hemorrhage is not as dramatic
and rarely life-threating. Anywhere from 1.5% to 10% of patients may bleed, usu-
ally in third or fourth week and usually presents like a small intestinal hemorrhage.
It may be very hard to localize if the bleeding site is indeed in the small intestine.

Perforation is the best known complication of enteric fever. Occurring in only
1-5% of the stricken, it mostly commonly occurs in the second and third weeks of
illness. Perforation in males is more common than in females in most series [24, 25].
Some patients perforate without an obvious prodrome. Even with prompt surgical
treatment, mortality for perforation is high (14—100%) for advanced disease in vari-
ous series [25-27]. It seems to be dropping overall during the past two decades [2, 5,
27-31]. The operative mortality is affected by many factors common in resource-
poor environments — varying surgical, anesthetic, and nursing skill, delayed presen-
tation, number of perforations, malnutrition, and immunosuppression among them.

The indications for surgical intervention are (Fig. 15.5):

* Pneumoperitoneum on x-ray (may require left lateral film to see it)

» Ultrasound showing free fluid in the context of an acute abdomen

* Persistent palpable mass (especially with erythema of abdominal wall)
» Diffuse peritonitis or positive peritoneal tap

e Persistent sepsis/failure to improve on medical therapy
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Many patients present in such a way that the suspicion of abdominal catastrophe
is great but the x-rays are negative. In that case, frequent examinations by the same
or equally experienced examiner and repeat x-rays (despite the expense) are indi-
cated. They should be done every 6 h at first until improvement or perforation is
evident. In this setting of high suspicion and high likelihood of the disease, a nega-
tive laparotomy is rare and better tolerated than a missed perforation.

Many typhoid patients present with hypovolemia due to dehydration or sepsis.
They should be adequately resuscitated with crystalloid and given appropriate anti-
biotic coverage (covering intestinal aerobic and anaerobic flora including Salmonella
typhi) prior to being taken to the OR.

Perforations are most often in the distal ileum (rarely proximally and some-
times in the cecum) and are found on the antimesenteric border. They are usually
single (70%) but can be multiple (one paper reporting 24 in a single patient) [32].
Oversew the perforations with interrupted vertical mattress sutures (Lembert
sutures) if one to three perforations are found. Some argue that all perforations
should be resected [33]. The need to freshen the tissues by excision of the ulcer
edges is debatable but probably wise if in doubt. Look for discrete areas on the
mesenteric border that are “about to perforate” and consider plicating those.
Resection (either enterectomy or, less commonly, a right hemicolectomy) is
advised if multiple lesions are found close to each other or tissue quality at the
perforation site is poor [31, 34]. As with other causes of fibrinopurulent peritoni-
tis, there is debate about the value of aggressive peritoneal debridement and irri-
gation of peritoneal cavity, but the author (BCS) tends to aggressively debride,
copiously irrigate, and consider second-look laparotomy. A small minority of sur-
geons have suggested exteriorization of the perforation, which is usually reserved
for the extremely ill [31, 35]. Meier and Tarpley have suggested ileostomy for
severe disease [36]. Visual examination of the gallbladder is warranted before
closure to rule out concomitant disease.

Always consider the wisdom of a controlled abdominal closure to prevent
abdominal compartment syndrome. In a low-resource setting, one must often be
inventive to accomplish it. There remains debate over the use of retention sutures in
these malnourished and critical ill patients. Whether the abdomen is closed primar-
ily or not, the surgeon should strongly consider a second-look operation and repeat
peritoneal irrigation in 24—72 h.

The most frequent postoperative complications from perforated typhoid are
infectious in nature (including wound infection, wound dehiscence, and intra-
abdominal abscess). Empyema, bleeding diathesis, and psychosis can occur. Fecal
fistula can be a catastrophic complication [34].

Acute cholecystitis due to typhoid is very uncommon and may present separately
or accompanying ileal perforations [37]. The low index of suspicion for this mani-
festation of typhoid fever often leads to delayed diagnosis, advanced disease (gan-
grene or perforation), and very ill patients [37-39]. For reasons not well understood,
it is more common in children (Ayite reports an incidence of 0.6% in Togo) [40] and
very rare in adults [41-43]. Non-advanced cases may be treated nonoperatively but
complicated cases are treated operatively.
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Fig. 15.6 Typhoid cholecystitis (Photo courtesy James Brown)

Once one suspects the disease, the diagnosis and treatment parallels that of more
routine acute cholecystitis (Fig. 15.6). A surgeon is wise to look at the gallbladder during
a case of enteric perforation, and during a case of acute cholecystitis in a setting where
typhoid is likely, look at the small intestine (especially in the pediatric age group).

Filariasis (Nematodes)

The Essentials

It is very common but surgery is palliative and uncommonly indicated.
The timing of the blood draw is important in diagnosis.
Diethylcarbamazine (DEC) is a treatment for filariasis but contraindicated
in onchocerciasis (Mazzotti reaction).

The treatment of filariasis is aimed at nonoperative treatment of
lymphedema.

Acute retroperitoneal lymphangitis is a rare cause of acute abdomen. It is
the complication of the disease but should not be operated upon.

Life Cycles

Filarial worms may infect the lymphatic system (Wuchereria bancrofti, Brugia
malayi), or the skin (Onchocerca, Loa loa, Dracunculiasis). Elephantiasis describes
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Fig. 15.7 (a, b) Filarial-induced lymphedema of right foot (with chronic ulcer) and of scrotum
(Photo (b) courtesy Peter Bird)

swelling of the lower extremities or scrotum (hydrocele) from lymphatic obstruc-
tion. Lymphatic filariasis is widespread in Africa and Asia and may be found in a
few areas of South America and in Haiti. “Mossy foot” or podoconiosis describes a
noninfectious elephantiasis caused by volcanic soil absorbed through plantar fis-
sures in habitually barefoot farmers. It is limited to certain volcanic areas, such as
the Ethiopia highlands, and may be prevented through wearing shoes. Radical surgi-
cal debulking procedures have been attempted with varying success and have again
lost favor compared to nonoperative treatment of lymphedema through foot hygiene,
emollient, bandaging, exercise/massage, and wearing of socks and shoes [44]
(Fig. 15.7a, b).

The agents of elephantiasis (Wuchereria and Brugia) are filarial infections spread
by mosquitoes. Wuchereria is distributed throughout the tropics while Brugia is
limited to South Asia. Microfilaria (larval worms) exits the mosquito mouth parts
and penetrates the site of the bite, maturing in the host’s lymphatics. Lymphatic
inflammation develops, gradually resulting in lymphedema. Microfilaria is only
active in the bloodstream at night (nocturnal periodicity) when the mosquito vector
is most active, retreating to the lymphatics by day. Several species of mosquitoes
around the world may serve as vectors.

Onchocerciasis can manifest either as river blindness (most common in dry
savannah settings) or as sowda or craw-craw, a pruritic skin disease in forested
regions. It is predominantly a disease of West Africa with foci in Central and South
America. Both variants of this disease are spread by black flies of the genus
Simulium. The microfilaria are active in the skin rather than the blood, causing
intense itching. The adult worms live in subcutaneous nodules under the skin.
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The African eye worm (Loa loa) is a migratory filarial worm of West Africa,
residing in subcutaneous tissue. It is called “eye worm” since adult worms occasion-
ally travel under the conjunctiva of the eye, where they resemble clear motile Asian
noodles. Victims often have migratory hives (termed Calabar swellings) and eosino-
philia, both of which represent an allergic response to the parasite. Unlike onchocer-
ciasis, however, eye worm does not cause blindness. The eye worm vector is the
diurnal deer or antelope fly; thus, its microfilaria is only detectable in blood samples
drawn during daytime (diurnal periodicity).

The Guinea worm (Dracunculus) is another subcutaneous filarial worm now
found in only a few remote African locations (e.g., Sudan). This parasite lodges
under the skin of an extremity. When this painful inflamed limb is immersed in
water, the worm releases innumerable eggs which are ingested by water fleas.
Drinking water containing these fleas transmits the infection to new human hosts.
There are several easy ways to interrupt the cycle: filtering drinking water to remove
water fleas, treating the water (Abate), or preventing infected people from entering
and contaminating the water supply. Due to these three measures, this parasite is
now on the verge of eradication [45].

Diagnosis

Wuchereria infections are asymptomatic in the early stages, but swelling or discom-
fort in an extremity is usually the first manifestation of infection. Ultrasound using
a 7.5 MHz or 10 MHz probe can often visualize a “filarial dance” in the lymphatics.
Treatment early on will prevent elephantiasis or hydrocele. However, after extensive
lymphedema develops, surgical intervention will also be needed. Secondary bacte-
rial lymphangitis is common [46].

Onchocerciasis presents with subcutaneous nodules containing the adult worms.
Onchocercal skin disease (OSD) manifests with depigmentation on shins (“leopard
patches”), “hanging groin” (redundant inguinal skin), and intense allergic itching
due to microfilaria in the skin (craw-craw). River blindness is due to inflammation
resulting from the release of bacterial antigens by microfilaria in the anterior cham-
ber. Both manifestations may occur in the same patient, but eye disease is much less
common outside of the African savannah [47].

African eye worm is characterized by migratory hives (“Calabar swellings”) and
the pathognomonic “eye worm” appearance if an adult worms visit the eye.

Guinea worm causes a painful extremity with inflamed skin and a burning sensa-
tion. This motivates the victim to soak the extremity in water, permitting the parasite
to release its eggs.

Filarial infections are diagnosed by identifying the characteristic microfilaria in
a blood or skin sample. The time when the blood is drawn is important. Late night
(10 PM-2 AM) blood samples detect Wuchereria and Brugia microfilaria, although
a small provocative test dose of diethylcarbamazine (DEC) 2 mg/kg (50—100 mg)
will trigger their emergence during the day [48]. Blood should be drawn 30—40 min
subsequent to DEC administration. Loa microfilaria are normally active in diurnal
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blood samples), since this is when their vector is most active. Onchocerciasis is
diagnosed by obtaining snips of iliac crest skin (a needle elevates a small tent of
skin to be snipped off with a scalpel) and then examined for microfilaria after incu-
bating overnight in warm saline solution. Keys for microfilarial identification are
available, based on the presence or absence of a sheath and/or nuclei in the tail.
Serologic tests for various filarial infections are now available from the CDC for
confirmation.

Treatment

Microfilaria are much easier to eradicate than adult worms, which resist treat-
ment. Diethylcarbamazine (in the USA, available only from the CDC) is the
treatment of choice for Wuchereria, Brugia, and Loa, although DEC treatment
should be started at low doses and increased gradually to avoid allergic reac-
tions from dying microfilaria in the blood [6]. Steroid pretreatment minimizes
this risk. Onchocerciasis is best treated with episodic ivermectin, which prevents
transmission [6]. DEC is contraindicated in onchocerciasis, and this disease must
be excluded in African patients prior to its use as it may cause severe ocular and
skin exacerbations (Mazzotti reaction). The adult parasites survive DEC treatment
but can be rendered sterile with doxycycline, which kills the symbiotic Wolbachia
bacteria, necessary for parasite fertility [49]. DEC treatment of Loa infections
must be given with caution if microfilarial levels are >2,500/m?due to an increased
risk of encephalitis, which pretreatment steroids do not always prevent (http://
www.cdc.gov/parasites/lymphaticfilariasis/health_professionals/dxtx.html).
Guinea worm resists all medical treatment. However, the end of the worm may
be lured out by immersion in water, grasped with forceps, and then incrementally
removed by winding the worm on a stick.

Surgical Interventions

Surgery for filariasis should be avoided if possible. Nodulectomy to remove the
adult parasite of onchocerciasis can result in cure only if excision eliminates all
adult worms. It must be combined with proper chemotherapy. Thus, this is not a
practical choice in patients with multiple nodules or in patients in whom nodules are
not clinically evident. There is no role for surgery in the removal of the guinea worm
but occasionally is necessary to drain abscess along the tract, especially if the worm
ruptures with too forceful extraction methods.

The treatment of filariasis should be aimed at the nonoperative treatment of
lymphedema. Usually elephantiasis due to filarial involves the pelvic girdle or the
lower extremities, but it can involve the arm and breast. Chyluria may occur if the
perinephric lymphatics are involved.
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Fig. 15.8 (a, b) Filarial lymphedema. A giant hydrocele with excoriation of the scrotum (a) and
involvement of the left breast (b) (Photo (a) courtesy Harold Adolph) (Photo (b) courtesy Warren
Cooper)

The general indications for surgery include the presence of disability due to the
size of the limb, recurrent cellulitis, cosmetic reasons (rarely), and the inability to
wear shoes (causing disability or economic consequences). Throughout the years,
many surgical procedures have been tried — and none work well. Omental and
intestinal transfers, creation of lymphovenous shunts in the groin, and Thompson’s
operation (dermal lymphatics brought closer to the deeper lymphatics through
implanting of a de-epithelialized skin flap) have been used to try to increase lym-
phatic flow from the limb. Various debulking procedures such as the Sistrunk
procedure (excision of the skin and subcutaneous tissue on lateral aspect of the leg
with primary closure), Homans’ operation (similar to the Sistrunk procedure with
more tissue removed), and Charles’s operation (excision of all skin and subcuta-
neous with skin grafting directly on the fascia) have all been used with mixed
results (Fig. 15.8a, b).

The large hydrocele, giant scrotum, and “hanging groins” with filarial can cause
significant deformity, and since the surgery does not address the core problem, sur-
gical cure is rare, and complications and recurrence are to be expected. The “clas-
sic” hydrocele of filariasis is manifested by a thickened tunica vaginalis, amber fluid
with old blood clots, cholesterol crystals, and “calcium dust,” but it is not always
present. The epididymis is often scarred. You find microfilariae in the fluid if it is
examined under the microscope or you may find adult worms in the cord and epi-
didymis (Fig. 15.9).
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Fig. 15.9 “Hanging groins” of onchocerciasis (Photo courtesy Warren Cooper)

Onchocerciasis is known for “hanging groins” — redundant skin caused by
inguinal adenopathy. Surgery should be done only for severe functional, hygiene,
and cosmetic purposes. There is no standardized surgical approach to this condi-
tion; there are no large series of cases to direct therapy. Most operations are “made
up” at the time using established principles, but are complicated by poor
healing.

Chylothorax is an uncommon but annoying consequence of filariasis. Rupture of
the occluded posterior mediastinal lymphatics is the mechanism. Other causes must
be ruled out. Fifty percent will close with nonoperative treatment. Eventually, in the
rest, obliteration of the pleural space is indicated because of persistent leak, nutri-
tional or metabolic complications, or the inability to fully expand the lung (and
drain the loculations). Thoracic duct ligation is the standard treatment (if leak can
be found). Pleurectomy is a treatment option, but pleurodesis does not work well in
this benign disease. Pleuroperitoneal shunts can be successful, but are often compli-
cated by infection and obstruction.

There is one condition which appears surgical but which is not. Surgery should
be avoided. Acute retroperitoneal lymphangitis is rare and manifests as acute
abdominal pain over large areas associated with shock and collapse. The exam is
more benign than the presentation might suggest — there is not board-like rigidity.
The condition is due to toxins from the filarial plus those of B-hemolytic
Streptococcus and Staphylococcus. It is essentially an immune-mediated response
to dying worms and is the consequence of the cytokines and tissue factors released.
There is a high mortality, which is not helped by surgical exploration. Don’t operate
if you can make the diagnosis beforehand.
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Cestode Infections (Hydatid Disease)

The Essentials

* This is endemic in areas with dogs, cattle, and sheep.

e Cystic echinococcosis (CE) is more frequent and more common in younger
adults and acts more benignly. Alveolar echinococcosis (AE) is generally
found in older patients and requires resection to treat and have a high
chance of recurrence.

* Biliary contamination (leaks) of the liver cysts must be ruled out before
using some common scolicidal agents.

* Extra-abdominal disease can cause pulmonary, bone, and CNS disease.

o Spillage of the cystic fluid can cause anaphylaxis and/or seeding of the
abdomen.

* PAIR (percutaneous aspiration, injection, and reaspiration) therapy is
most successful on single superficial unilocular cysts.

o Treatment preoperatively and postoperatively with benzimidazole carba-
mates (e.g., albendazole) is indicated for primary surgery.

Life Cycle

The canine tapeworm (Echinococcus granulosus, E. multilocularis, and E. vogeli)
larvae affect humans as an accidental intermediate host. The canine (dog, fox,
hyena, wolf, coyotes, and jackal for E. granulosus, fox and rarely wolves, coyotes,
lynxes, cats, and black bears for E. multilocularis) has the adult tapeworm which
passes the eggs in the feces. The eggs are ingested and turn into an invasive meta-
cestode in the intermediate host (deer, camels, pigs, sheep, cattle, goats, horses, and
many other animals for E. granulosus; eight families of rodents, including mice,
rats, hamsters, gerbils, and squirrels for E. multilocularis). The intermediate host is
eaten by the definite host and the metacestode is released and develops into the
tapeworm (cestode).

This canine zoonosis is endemic in sheep and cattle-grazing areas of the
Mediterranean countries, the Middle East, the southern part of South America,
Iceland, Australia, New Zealand, and southern parts of Africa; the latter five are
intensive endemic areas. The incidence of cystic echinococcosis (E. granulosus) in
endemic areas ranges from 1 to 220 cases per 100,000 inhabitants, while the inci-
dence of alveolar echinococcosis (AE; due to E. multilocularis) ranges from only
0.03 to 1.2 cases per 100,000 inhabitants. Infestation with E. vogeli is the rarest form
of echinococcosis and is reported mainly in the southern parts of South America.

Presentation

Most common sites of involvement in human disease are liver (70%), lung (20%)
[50], and soft tissues with the bone and brain being rarely involved in humans. The
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following discussion largely concerns cystic echinococcosis (CE), the most promi-
nent form of the disease.

Most disease has a long incubation period (20-30 years before becoming symp-
tomatic) and 25% of infected people are asymptomatic. CE tends to be a disease of
younger adults (30—40 years old) and AE tends to be in older adults (50-60 years
old). Untreated hydatid cysts result in death of 15% of patients. Other symptoms are
nonspecific — abdominal or chest discomfort, dyspepsia, vomiting, weight loss, and
biliary obstruction. Bronchopleural fistulae and chest wall deformity can occur in
pulmonary disease. Pathological fractures or spinal compression can occur from
bone disease. CNS disease occurs from cyst-induced pressure on surrounding struc-
tures and can include paralysis and death [51].

Volume-related complications occur from the cyst; toxic complications occur
from the treatment. The most common serious complications include rupture, sec-
ondary infection, and biliary fistulas.

Larger, peripheral cysts of the liver and lung will most commonly rupture, usu-
ally following minor or major trauma. The sudden spill of parasitic antigen into the
peritoneum or pleura may cause anaphylactic shock, especially with abdominal
cysts. Nonlethal rupture can cause disseminated intraperitoneal or pulmonary
disease.

Secondary infection can occur in 5-10% of cases and is most commonly due to
hematogenous seeding of a liver cyst causing a liver abscess [52]. The bacterial
infection will kill the scolices and the germinal membrane. External drainage and
antibiotics and ultimate obliteration of the cavity are required.

Cyst rupture into the larger ducts can cause biliary colic, intermittent obstructive
jaundice, and recurrent cholangitis. Small biliary radicals can open into the cyst
cavity — if unrecognized, they can cause small postoperative biliary leaks which
normally heal spontaneously. Larger biliary fistulas should be sutured if recognized
at the time of surgery. Major surgical reconstruction of the ducts may be
necessary.

Nonsurgical Treatment

Benzimidazole carbamates (mebendazole or preferably albendazole) for
3—-12 weeks are usually effective in killing the parasite and decreasing the size of
liver hydatids [53]. Alopecia, hepatitis, glomerulonephritis, neutropenia, and fail-
ure to respond are all problems of long-term treatment with this class of drugs.
Praziquantel has been recommended by some for adjunctive therapy pre- and
post-surgery.

Invasive radiological techniques have been developed. “PAIR” is the percutane-
ous aspiration of cysts under radiological guidance, followed by injection of scoli-
cidal agent and reaspiration after scolicidal treatment. It is most effective on
superficial unilocular cysts. It may not work well with multilocular cysts and recur-
rence is a problem. Contamination of the peritoneal cavity and anaphylaxis is
always a risk.
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Surgical Interventions

Most disease will respond to treatment with benzimidazoles. 