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Background: Surgical disease is inadequately addressed globally, and emergency conditions requiring
surgery contribute substantially to the global disease burden.
Methods: This was a review of studies that contributed to define the population-based health burden of
emergency surgical conditions (excluding trauma and obstetrics) and the status of available capacity to
address this burden. Further data were retrieved from the Global Burden of Disease Study 2010 and the
University of Washington’s Institute for Health Metrics and Evaluation online data.
Results: In the index year of 2010, there were 896 000 deaths, 20 million years of life lost and 25 million
disability-adjusted life-years from 11 emergency general surgical conditions reported individually in the
Global Burden of Disease Study. The most common cause of death was complicated peptic ulcer disease,
followed by aortic aneurysm, bowel obstruction, biliary disease, mesenteric ischaemia, peripheral vascular
disease, abscess and soft tissue infections, and appendicitis. The mortality rate was higher in high-income
countries (HICs) than in low- and middle-income countries (LMICs) (24·3 versus 10·6 deaths per 100 000
inhabitants respectively), primarily owing to a higher rate of vascular disease in HICs. However, because
of the much larger population, 70 per cent of deaths occurred in LMICs. Deaths from vascular disease
rose from 15 to 25 per cent of surgical emergency-related deaths in LMICs (from 1990 to 2010). Surgical
capacity to address this burden is suboptimal in LMICs, with fewer than one operating theatre per
100 000 inhabitants in many LMICs, whereas some HICs have more than 14 per 100 000 inhabitants.
Conclusion: The global burden of surgical emergencies is described insufficiently. The bare estimates
indicate a tremendous health burden. LMICs carry the majority of emergency conditions; in these
countries the pattern of surgical disease is changing and capacity to deal with the problem is inadequate.
The data presented in this study will be useful for both the surgical and public health communities to
plan a more adequate response.
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Introduction

Conditions that can be treated by surgery pose a
considerable health burden1,2; many are attributable to
immediately life- or limb-threatening conditions that
necessitate emergency surgery. Although surgery has long
been considered an essential component of health systems
and is practised universally, it has been a neglected
part of global health initiatives. Nearly a decade ago,
234 million major operations were performed annually

worldwide3. This equalled the incidence of malaria, was
double the volume of childbirths, and dwarfed new
cases of tuberculosis, human immunodeficiency virus and
malignant neoplasms combined3. Despite the burden of
disease, two billion people, namely those living below the
poverty line in low- and middle-income countries (LMICs),
continue to lack access to surgical care4. This is particularly
important to people requiring emergency surgery, because
minutes or hours of delay before treatment have a profound
impact on potential disability and chance of survival.
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In addition, the global population is ageing and
many LMICs are facing rapidly growing and urbanizing
societies5. This epidemiological transition has resulted in
an increasing frequency of many afflictions, particularly the
advanced sequelae of cardiovascular disease and neoplasia6.
This changing pattern requires the general surgeon and
health system to adapt in approach and resource allocation
to meet the needs of people requiring emergency surgery.

Obviously, an increased knowledge about disease burden
for surgical emergencies may be useful for both the surgical
and public health communities in planning a more adequate
response. Thus, to define better the health burden from,
and global pattern of conditions requiring emergency
surgery, the currently available literature was explored.

Methods

In this review, a list of the most common indications for
emergency surgery often treated by the general surgeon
were considered (Table 1). Common paediatric surgical
emergencies that might fall into a broader LMIC surgical
practice are also included, as are several gynaecological
conditions that are often entertained in the differential
diagnosis of an acute abdomen. In order to focus on the
general surgical emergencies that are the theme of the rest
of this issue, the review did not encompass trauma, burns,
obstetrics, neurosurgery, orthopaedics, complex congenital
surgery or cardiothoracic surgery. It is acknowledged that,
especially in rural areas of LMICs, general surgeons care
for patients with many of these other conditions, especially
trauma and obstetrical emergencies.

A literature review was conducted on three related topics:
emergency surgical conditions for which it is possible
to derive population-based estimates of global burden;
emergency surgical conditions for which population-based
estimates of global burden are not available; and response
to the burden of emergency surgical conditions, including
measures of capacity. Studies were selected based on their
contribution to defining the burden of emergency surgical
conditions and the status of capacity to address this burden.
For burden, studies that provided estimates of rates of
death and disability from conditions that usually mandate
emergency surgical care were sought especially.

Emergency surgical conditions for which there are
population-based estimates of the global burden

The main source of data providing population-based
estimates of the global burden of death and disability
for emergency surgical conditions was the Global Burden
of Disease Study 2010 (GBDS). GBDS is a rigorous
study estimating deaths and disability from a number of

Table 1 Selected indications for emergency surgery reviewed in
this study

Indications requiring emergency surgery

General surgery
Peritonsillar and retropharyngeal abscess
Acute airway obstruction
Oesophageal perforation
Gastrointestinal haemorrhage
Complicated peptic ulcer*
Acute cholecystitis*
Intestinal obstruction or volvulus*
Appendicitis*
Complicated diverticulitis
Toxic megacolon
Incarcerated or strangulated hernia*
Acute abdomen
Abscess and soft tissue infections*
Anorectal sepsis

Gynaecological surgery
Ovarian torsion
Tubo-ovarian abscess
Ectopic pregnancy

Paediatric surgery
Typhoid ileal perforation
Pyloric stenosis
Intussusception
Intestinal atresia
Imperforate anus

Urological surgery
Ureteral obstruction*
Acute urinary retention*
Testicular torsion
Paraphimosis
Priapism

Vascular surgery
Acute aorta*
Acute limb ischaemia
Critical limb ischaemia and wet gangrene*
Acute mesenteric ischaemia*

*Data available directly or derived from the Global Burden of Disease
Study 2010 or the University of Washington’s Institute for Health
Metrics and Evaluation Data visualization database7–9.

conditions in 1990 and 20107,8. To describe the burden and
epidemiology of surgical emergencies, the review focused
on 11 conditions reported in the GBDS (Table 1) for which
deaths would most often arise from complications for which
emergency surgery would be indicated. For example, deaths
from hernia would almost always be due to complications
such as obstruction or strangulation. Data for these 11
conditions as presented in the GBDS were evaluated. More
granular data not immediately available from previous
GBDS publications were extracted from the University of
Washington’s Institute for Health Metrics and Evaluation
(IHME) online data visualizations9. Incumbent in the use
of IHME data are the methods described previously by
those researchers for estimating morbidity and mortality
associated with the selected diseases10.
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Estimates made from the GBDS data are presented
under two assumptions. The first was that deaths and
years of life lost (YLL) from the 11 selected GBDS
conditions are primarily the result of complications that are
surgical emergencies. The second was that the additional
burden of disabilities (as reflected in disability-adjusted life-
years, DALYs) derived from the selected GBDS conditions
represent three groups of people of unknown proportions:
individuals with a condition who are symptomatic but
who do not require emergency surgery (reducible hernia,
uncomplicated peptic ulcer, claudication, non-obstructing
urolithiasis, etc.); those who survived an indication for
emergency surgery without intervention and with some
impact on their quality of life, which may have been
alleviated by an operation; and those who underwent
emergency surgery and survived but are left with some
disability.

Data on deaths and YLL were obtained directly from the
IHME website. Data on DALYs for ten of the conditions
were obtained directly from the IHME data. Data on
DALYs owing to acute urinary retention required further
calculation, based on the DALYs associated with benign
prostatic hypertrophy (BPH, obtained directly from the
IHME data) and the percentage of people with BPH who
develop acute urinary retention by age group, explained
further in Appendix S1 (supporting information).

Emergency surgical conditions with no
population-based estimates of global burden

A number of indications for emergency surgery are
not reported individually in the GBDS. To describe
these indications, a predefined, systematic search strategy
was used (Appendix S2, supporting information), built
to retrieve reports presenting the incidence, morbidity
and mortality of each indication listed in Table 1.
In addition, references within retrieved reports were
searched for manuscripts providing epidemiological data.
All estimates of the incidence are subject to variability
based on certain assumptions, particularly the estimated
populations at risk of each condition within each report.
A few reports published only the number of surgical
emergencies or deaths in a region or country. To report
incidence rates consistently, population estimates from the
United Nations11 and Central Intelligence Agency World
Factbook12 were used to derive the population at risk for
reports that gave the number of emergencies in a defined
geographical area. These publications tend to report the
incidence of hospital admissions or operations. Hence,
calculations for population-based mortality rates, YLL and
DALYs are not possible.

Finally, the search strategy was also built to retrieve
reports describing the response to the burden of emergency
surgery, including capacity, cost-effectiveness and clinical
effectiveness (Appendix S2, supporting information). In
addition to the qualitative data presented, an estimate of the
number of emergency operations per year was made based
on the data published by Weiser and colleagues3. Using
their data on the number of major operations in aseptic
theatres by national income, the proportion of major
operations performed by general surgeons and published
ratios of emergency to elective surgery by national income,
estimates of the number of major emergency general
surgical procedures performed globally were calculated.

Results

Global burden and distribution of conditions
requiring emergency surgery

In 2010, there were 896 000 deaths, 20 million YLL and 25
million DALYs attributable to the 11 conditions requiring
emergency surgery presented in the GBDS. Population
rates of this burden overall, by economic category and by
condition, are shown in Table 2. The most common cause
of death was complicated peptic ulcer disease (PUD; 3·5
deaths per 100 000 population per year), followed by aortic
aneurysm (2·7), bowel obstruction (2·1), biliary disease
(1·3), mesenteric ischaemia (1·0), peripheral vascular
disease (0·7), abscess and soft tissue infections (0·6), and
appendicitis (0·5). YLL and DALYs followed a similar
pattern.

Burden per population was higher in high-income coun-
tries (HICs) than in LMICs. This was due almost totally to
the higher burden for vascular-related emergencies. How-
ever, owing to the higher population in LMICs, 70 per cent
of all deaths from the 11 conditions were in LMICs. From
1990 to 2010, the percentage of all surgical emergencies
accounted for by the three vascular conditions (peripheral
arterial disease, aortic aneurysm and mesenteric ischaemia)
rose from 47 to 55 per cent in HICs, but by more (from
15 to 25 per cent) in LMICs. Fig. 1 shows the change in
percentage of all deaths from emergency surgical condi-
tions owing to vascular disease by world region from 1990
to 2010 (details in Appendix S1, supporting information).

Surgical emergencies with population-based global
estimates for separate conditions

Peptic ulcer disease
The burden of deaths, YLL and DALYs from PUD
halved during the 20-year study period. This was the
result of awareness and treatment of Helicobacter pylori, and
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Table 2 Annual rates of deaths, years of life lost and disability-adjusted life-years per 100 000 population for surgical emergencies by
national income and year

Rate per 100 000 population

1990 2010

Deaths YLL DALYs Deaths YLL DALYs

High-income countries
Hernia 0·8 13 21 0·5 7 15
Ileus and obstruction 3·4 55 56 3·5 44 50
Peptic ulcer disease 5·9 104 124 3·3 53 67
Biliary disease 3·1 44 60 2·5 29 43
Appendicitis 0·6 14 17 0·5 8 11
Soft tissue infections 0·5 9 22 0·4 5 17
Peripheral arterial disease* 1·3 16 28 2·5 26 39
Aortic aneurysm 7·6 122 124 7·0 96 106
Mesenteric ischaemia 3·9 57 60 3·8 47 53
Urolithiasis 0·5 8 24 0·3 4 20
Acute urinary retention† 0·0 0 17 0·0 0 21
Total 27·5 442 552 24·3 319 444

Low- and middle-income countries
Hernia 0·4 13 18 0·2 5 11
Ileus and obstruction 2·1 78 78 1·8 54 54
Peptic ulcer disease 6·0 200 204 3·5 100 104
Biliary disease 1·0 34 38 1·0 25 30
Appendicitis 0·8 38 40 0·5 21 23
Soft tissue infections 0·9 47 68 0·6 26 47
Peripheral arterial disease* 0·2 2 13 0·3 – 10
Aortic aneurysm 1·4 30 29 1·8 33 34
Mesenteric ischaemia 0·4 82 8 0·5 9 9
Urolithiasis 0·3 8 16 0·3 6 15
Acute urinary retention† 0·0 0 5 0·0 0 7
Total 13·4 533 517 10·6 277 343

All countries
Hernia 0·4 13 19 0·2 5 11
Ileus and obstruction 2·3 74 71 2·1 54 54
Peptic ulcer disease 6·0 185 190 3·5 90 96
Biliary disease 1·4 36 41 1·3 24 32
Appendicitis 0·7 34 36 0·5 19 21
Soft tissue infections 0·8 41 62 0·6 22 43
Peripheral arterial disease* 0·3 0 10 0·7 8 14
Aortic aneurysm 2·4 45 45 2·7 44 46
Mesenteric ischaemia 1·0 17 17 1·0 15 16
Urolithiasis 0·3 7 17 0·3 6 16
Acute urinary retention† 0·0 0 10 0·0 0 7
Total 15·8 451 517 12·9 287 358

Source of data: http://www.healthmetricsandevaluation.org/gbd/visualizations/country. *The Institute for Health Metrics and Evaluation (IHME) online
database does not provide an estimate for years of life lost (YLL) owing to peripheral vascular disease in low- and middle-income countries in 2010. †Acute
urinary retention data derived from IHME online database (for details see Appendix S1, supporting information). DALY, disability-adjusted life-year.

improved hygiene and minimally invasive diagnostic and
treatment techniques13–15. However, PUD still remains
the leading cause of disability and death among the
emergency indications studied in the GBDS, accounting
for around 27 per cent of the total DALYs and deaths
from the 11 conditions combined. There remains an
enormous disparity in incidence of complicated PUD
between developed and developing countries. LMICs
harbour 90 per cent of PUD DALYs and 85 per cent
of PUD-related deaths.

Bowel obstruction
Bowel obstructions contribute to significant morbidity and
mortality in both HICs and LMICs, and this has not
changed significantly across the 20-year interval. These
figures do not account for obstructions related to hernias,
which account for the majority of bowel obstructions in
LMICs16–18. Abdominal adhesive disease accounts for the
majority of obstructions in HICs19. Bowel obstructions in
LMICs are more likely to be a result of external hernias,
intussusception or volvulus, tuberculosis and intestinal
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Fig. 1 Change in percentage of all deaths from emergency surgical conditions due to vascular disease (peripheral arterial disease, aortic
aneurysm, mesenteric ischaemia) by world region from 1990 to 2010 (details in Appendix S1, supporting information)

helminthiasis20–22. However, this has been changing,
with an increase in bowel obstructions from postsurgical
adhesions and colorectal cancer23–25.

Biliary disease
Both developed and developing countries had a decrease in
overall burden from biliary disease. However, LMICs had
no change in mortality during the interval (1·0 per 100 000
in both 1990 and 2010). The decreasing mortality from
biliary sepsis is thought to be related to early treatment
with percutaneous, endoscopic and minimally invasive
techniques, all of which are still not widely accessible in
LMICs26,27.

Hernia
Despite being very prevalent, hernias account for only 3
per cent of the DALYs and 2 per cent of the deaths from
emergency surgical conditions reported in the GBDS.
Several groups in LMICs have reported the prevalence
of hernias, incidence of emergency surgical indications
related to complicated hernias, and health effectiveness of
elective hernia surgery. A significant study28 of hernia epi-
demiology has been done in Ghana, where an estimated 3·5
per cent of people have inguinal hernias; given a repair rate
of 30 per 100 000 per year and an incidence of symptomatic
hernia of 210 per 100 000 per year, a backlog of one million
hernias will develop over the next 10 years. This equates to
potentially five million DALYs averted by upscaling hernia

repairs in Ghana alone28. Other LMICs have also reported
significant opportunities to reduce the burden of hernia
by avoiding the nearly 20 per cent of hernias that present
as emergencies and the associated 5–10 per cent mortality
rate29–31. As elective hernia repair costs only ¤4–10 (US
$6–13; exchange rate 27 September 2013) per DALY
averted, comparable with, or more affordable than, the
provision of insecticide-treated bed nets, oral rehydration
salts or antiretroviral therapy, it should be considered a
fundamental component of public health systems32–35.

Vascular disease
Perhaps the most surprising finding in this review is
the higher burden per population of emergency surgi-
cal conditions in HICs compared with LMICs, due almost
exclusively to a higher burden of vascular-related condi-
tions. However, LMICs had a significant increase in the
burden from these conditions, as noted above. The trend
mirrors that of the risk factors for vascular disease in
LMICs, namely advanced age, tobacco use, diabetes mel-
litus and hypertension. Perhaps of equal importance is the
lack of public health infrastructure and primary care sys-
tems to promote primary and secondary prevention of these
non-communicable disease epidemics in most LMICs36–38.

Urological emergencies
Common urological emergencies, urolithiasis and acute
urinary retention, changed minimally in absolute terms,
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but increased slightly as a proportion of all surgical
emergencies. This increase was most likely due to an ageing
population and thus a global increase in benign prostatic
hyperplasia39. Benign prostatic hyperplasia carries a 75
per cent 10-year risk of acute urinary retention without
treatment, common to ageing men in LMICs.

Conditions for which population-based estimates
of global burden are not available

The incidence of emergency surgical conditions not
reported individually in the GBDS and extracted from
reports retrieved with the predefined search strategy
(references listed in Appendix S3, supporting information)
is summarized in Table 3. Data from these studies vary in
region, size, rigour and population at risk. They also vary
in whether the articles report admissions or number of
persons with a given condition (especially for congenital
conditions). Subsequently, wide ranges of disease burden
are given. These burdens are usually specific to a given
locality or nation and it is not possible to derive population-
based estimates of global burden. Nonetheless, these
studies provide a sense of the frequency of each disease
and are useful for planning emergency surgical services.
There are some interesting differences over time, and

Table 3 Summary of published rates of surgical emergencies for
which population-based estimates of global burden are not
available

All reports HIC LMIC

General surgery

Peritonsillar abscess 28 (6–37) 29 (10–37) 6 (6)

Gastrointestinal
haemorrhage

94 (20–222) 94 (20–222) –

Diverticulitis* 45 (4–80) 45 (4–80) –

Paediatric surgery

Pyloric stenosis† 189 (11–510) 175 (11–510) 200 (54–470)

Intussusception‡ 71 (4–302) 93 (8–236) 35 (4–302)

Intestinal atresia† 25 (13–190) 43 (14–190) 22 (13–31)

Imperforate anus† 41 (30–77) 41 (30–77) –

Urological surgery

Testicular torsion§ 7 (5–8) 7 (5–8) –

Priapism 2 (1–2) 2 (1–2) –

Gynaecological surgery

Ectopic pregnancy¶ 1990 (29–3950) 825 (29–1620) 2305 (660–3950)

Values are median (range). Unless specified otherwise, the values
presented are annual incidence rates per 100 000 of the general
population. Estimates for urological surgery pertain only to males.
Estimates for gynaecological surgery pertain only to females. *Estimates
vary by study according to age of patients (over 30 years to over 60 years).
†Estimates per 100 000 live births. ‡Estimates vary by study according to
age of patients (less than 1 year to less than 5 years). §One study reported
incidence per age 1–25 years; one study reported incidence for all ages.
¶Estimates per 100 000 deliveries. HIC, high-income country; LMIC,
low- and middle-income country. References for these estimates are listed
in Appendix S3 (supporting information).

between HICs and LMICs. Some of the major points are
summarized below.

Gastrointestinal bleeding
The majority of significant gastrointestinal haemorrhage
worldwide is the result of complicated PUD, and so these
data are partially reflected in the GBDS estimates presented
above. HICs have between 20 and 222 new cases per
100 000 persons annually; of these, 5–14 per cent died from
the sequelae of uncontrollable haemorrhage. Population
studies of gastrointestinal haemorrhage from LMICs are
not present in the literature. However, given the large
burden of PUD in LMICs, and evidence that bleeding and
perforations are twice as common in the poor of HICs
than in the wealthy, the incidence and associated mortality
of gastrointestinal haemorrhage is probably much higher
in LMICs40. Lower gastrointestinal haemorrhage appears
much less common (20–27 per 100 000 persons) than
upper gastrointestinal haemorrhage, although increases
more than 200-fold from the third to the ninth decade of
life because the preponderance of lower gastrointestinal
haemorrhage is the result of diverticulosis, colorectal
malignancies, angiodysplasia and ischaemic colitis41,42.

Diverticulitis
Complicated diverticulitis (for example perforation,
abscess, fistula, stricture, bleeding or obstruction) ranges
from four to 80 per 100 000 in studies from HICs. A Finnish
study43 reported a 58 per cent increase in the incidence of
diverticular perforations from 1986 to 2000. Similar trends
have been reported from the USA and the UK, namely
related to ageing populations and Western diets44,45.

Typhoid perforation
Typhoid ileal perforation is most frequently a disease of
children living in LMICs and has a high mortality rate.
However, several African studies46–48 have demonstrated
a decrease in mortality by nearly half from 1985 to 2005.
Large population-based studies have not been reported.

Emergencies in children
Pyloric stenosis remains one of the most common
paediatric surgical emergencies worldwide (11–510 per
100 000 infants per year). Data on pyloric stenosis are sparse
from LMICs, although case series incidence estimates are
similar (54–470 per 100 000 infants per year). Infants
born to younger mothers who have a low birth weight
and are bottle-fed are at higher risk of pyloric stenosis49.
All of these are common in LMICs. Intestinal atresia is
also common worldwide (13–190 per 100 000 infants per
year), but under-represented in the literature from LMICs.
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However, series from Kenya and Nigeria report mortality
rates of 40 per cent, markedly higher than the rate from
HICs, which is consistently reported as less than 8 per
cent50,51.

The incidence of intussusception has been well
documented because it has been a component of many
rotavirus vaccine safety studies. HICs report a wide range,
from eight to 236 cases per 100 000 children per year. Most
of these children undergo radiological reduction, but 25 per
cent still require operative intervention52,53. In LMICs, the
incidence is similar (4–302 per 100 000 children per year),
but radiological reduction is less available and operative
intervention more common. A study54 of ten African
countries showed that 90 per cent of infant intussusceptions
required surgery. Operative proportions were similarly
high in studies from other LMICs55–57. Death from
intussusception is rare in HICs, usually less than 1 per
cent58. In LMICs, between 6 and 25 per cent of children
who reach surgical care die54,59,60.

Ectopic pregnancy
There were 21 studies from HICs and 27 from LMICs
reporting the incidence of ectopic pregnancy (Appendix S3,
supporting information). These studies present incidence
rates from different populations at risk (per 100 000
deliveries, per 100 000 pregnancies, per 100 000 women
of reproductive age), so they are not directly comparable.
The incidence of ectopic pregnancy ranges between 29
and 3950 per 100 000 deliveries per year. However, the
mortality rate is less than 1 per cent in HICs, and between
0·5 and 8·6 per cent in LMICs.

Other emergency surgical conditions
Studies providing population-based rates of rarer emergen-
cies, such as retropharyngeal abscess, airway obstruction,
oesophageal perforation, toxic megacolon, anorectal sepsis,
paraphimosis, ovarian torsion and tubo-ovarian abscess,
have not been reported in the literature.

Acute abdomen

Given that an acute abdomen is one of the major indications
for emergency surgery, the differing presentation and
aetiologies of acute abdomen globally were examined in
more detail. The systematic search for the aetiology and
epidemiology of the acute abdomen retrieved 28 reports
(Appendix S4, supporting information) from 26 countries
on 46 303 patients. Worldwide, appendicitis, bowel
obstructions, incarcerated or strangulated hernias, volvulus
and acute biliary pathology remain the most common
causes of the acute abdomen in adults. Complicated

PUD, typhoid perforations and tuberculous peritonitis also
remain common in LMICs61–64. Malignant perforations
and complicated diverticulitis are becoming more common
globally. Mortality rates for all adults with an acute
abdomen range from 2 to 14 per cent, and depend on the
indication for surgery and age, being higher for vascular
emergencies and the elderly.

The ageing population has changed the epidemiology
of acute abdomen. In individuals aged over 50 years,
appendicitis is less common (15 versus 30 per cent of
acute abdomens), whereas cholecystitis (21 versus 6 per
cent), bowel obstruction (12 versus 2 per cent), perforated
malignancies, strangulated hernias and acute mesenteric
ischaemia (2–4 versus less than 1 per cent) are more
common than in younger people. In addition, the outcome
of surgery for acute abdomen is worse in the elderly65,66.
Mortality among individuals presenting with an acute
abdomen doubles each decade after the age of 30 years.
Adults aged less than 30 years have a mortality risk of 0·2
per cent, compared with 7–22 per cent in octogenarians.
In addition, physicians’ diagnostic accuracy at the time
of admission to hospital worsens with patient age. In the
first three decades of life 60 per cent of patients with
an acute abdomen are diagnosed correctly, in comparison
with less than 30 per cent beyond the age of 80 years67–70.
These facts, at least in part, explain the surprising finding
in this study of the higher burden of emergency surgical
conditions in HICs compared with LMICs.

Region-specific causes of acute abdomen should be
considered and are of relevance to the general surgeon
considering a differential diagnosis before surgery. Asia
sees a large proportion of perforated gastric cancers at
exploration for an acute abdomen, particularly in the
elderly70. Typhoid fever with ileal perforation, tuberculous
peritonitis, obstructive biliary and enteric ascariasis,
amoebic liver abscess and other less common abdominal
parasitoses are endemic in tropical and subtropical
LMICs71,72. HICs, with an older population and high-
fat low-fibre diet, have a higher incidence of complicated
diverticulitis and colorectal malignancies43,73.

Addressing the burden of emergency surgery

Caseload of emergency surgery
The rates of major surgical operations from countries
with published data range from 148 to 23 369 per 100 000
persons per year3. The wide range is a result of a lack of
access to surgical facilities, not a lack of pathology. The
global volume of surgery was estimated at 234 million
operations in 2004, with only 41 per cent of these being
outside of HICs. General surgical procedures account for
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Table 4 Health expenditure and surgical capacity in selected countries

Total health expenditure
per capita (% GDP)4

General surgeons
per 100 000 population

Physician anaesthetists
per 100 000 population

Emergency
cases (%)

High-income country
USA 17·6 9·0 11·4 11

Low- and middle-income countries
Sierra Leone 13·9 0·2 0·02 –
Liberia 12·2 0·1–1·0 0 57
Rwanda 10·1 0·16–0·49 0·08–0·13 40
Uganda 8·5 0·14–0·32 0–0·05 73
Gambia 6·1 0·84 0·24 –
Tanzania 5·5 0·34 0·06 –
Ethiopia 4·4 0·02–0·13 0·02 54
Bangladesh 3·4 1·6 0·5 46–52

Data for this table were extracted from several sources: USA4,75,80–82, Sierra Leone78, Liberia83,84, Rwanda85,86, Uganda74,79,87,88, Gambia89, Tanzania90,
Ethiopia91–93, Bangladesh94. GDP, gross domestic product.

46–61 per cent of operations in HICs and 37–86 per
cent in LMICs74,75. Around 10 per cent of operations
in HICs and between 21 and 90 per cent in LMICs
are general surgical emergencies76,77. Therefore, it can
be estimated that around 49 million general surgical
emergency operations are performed annually (14·5– 83·7
million cases), 80 per cent in LMICs.

Capacity for emergency surgery
Despite a pervasive need for emergency surgery services
globally, there is wide variability in the human and
physical resources available to care appropriately for those
in need. In many areas of the world, people in need
of emergency surgery are cared for in facilities without
running water, electricity, radiography, oxygen, pulse
oximeters or standard anaesthetics4,78,79. In addition, the
number of surgeons, anaesthetists and operating theatres
varies significantly by national income (Table 4). The USA,
the world’s biggest spender on healthcare per capita, has 9·0
general surgeons per 100 000 persons, compared with 1·6
per 100 000 in Bangladesh and less than 1 per 100 000
in many African countries. Similarly, the numbers of
physician anaesthetists and functional, aseptic operating
theatres are widely discrepant. Funk and colleagues4

reported an average of 6·2 operating theatres per 100 000
globally, with wide ranges per region: 25 per 100 000 in
Eastern Europe, 14–15 in North America and Western
Europe, 4–14 in Latin America, 4·7 in East Asia, 1·3 in
South Asia and 1–1·2 in sub-Saharan Africa4.

Discussion

Despite numerous challenges, there have been notable
successes in increasing the capacity to deal with surgical
emergencies. In Mozambique, 92 per cent of the major

obstetric and gynaecological operations at the district level
were performed by non-physicians. Over a 7-year period,
88 per cent of these surgical care providers remained
working at district level, compared with none of the
physicians performing the same tasks who were there at
the beginning of the study. In addition, non-physicians
performed the same work at 27 per cent of the cost of their
physician counterparts and without a significant difference
in postoperative mortality95,96. Similar results from non-
physician surgical training programmes in Zambia, Malawi,
Uganda, Ethiopia and Tanzania have been reported97–101.
On-the-job training of dedicated, local personnel in
South Sudan, Senegal, Somalia, Thailand, Bangladesh and
India has shown impressive results for general surgical
emergencies, including strangulated hernias87,101–103.

This review did not encompass trauma. Nonetheless,
the field of trauma care provides some lessons that
are applicable to other surgical emergencies104–106. In
Khon Kaen, Thailand, a quality improvement programme
identified a high rate of preventable deaths among
injured patients owing to variety of problems, such as
prolonged time to the operating room for head injuries
and delayed resuscitation in the emergency department,
among others106. Low-cost corrective measures targeting
these problems included increased senior staffing in
the emergency department at peak times and improved
communications within the hospital, as well as improved
monitoring of care through the quality improvement
programme. This resulted in a sustained decrease in
mortality (from 8·0 to 4·6 per cent among all admitted
injured patients). The mortality benefit was the result
of faster and more complete resuscitation, and shorter
time to emergency surgery, all capabilities important to
non-trauma surgical emergencies.
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System-wide improvements in emergency capabilities
often simultaneously benefit both trauma and other
emergency surgical conditions. For example, mortality
from severe injury in Quebec, Canada decreased from
43 to 8 per cent over 10 years as a result of progressive
improvements to the trauma system, such as designation
of trauma centres, reducing prehospital times, and system-
wide triage and transfer protocols107,108. Many of the
resources required in trauma systems are the same as those
used in the care of general surgical emergencies. Conse-
quently, it has been observed that improved capabilities
for trauma care have resulted in improved care for surgical
emergencies, both overall and for certain categories,
such as ruptured aortic aneurysms109. For example, in
Tennessee, USA, a mature regional emergency surgery
service lowered mortality rates among non-traumatic
surgical emergencies by nearly 75 per cent in 5 years110,111.

Difficulty meeting the demands of emergency surgery is
not unique to LMICs. Exhaustive work hours and less
remunerative procedures has led to a decrease in the
consistent availability of surgeons to care for surgical
emergencies in HICs112,113. This has led to the growth
of acute-care surgery (ACS) specialists who are dedicated
to the care of surgical emergencies. Hospital systems
that have developed ACS programmes have decreased
surgical waiting times, number of procedures performed
at night, elective case cancellations, hospital stay, total
costs and preventable deaths. In addition, surgeons who
operate within ACS models improve hospital revenue,
are more consistently delivering standards of care and
have greater job satisfaction114–119. These models show
consistent improvements in emergency surgical care in
HICs, where the majority of procedures performed are
elective and many surgeons are specialists of a single
discipline. In LMICs where general surgeons are able
to perform a breadth of procedures and the majority of
their practice is emergency care, the value of the ACS
model is uncertain but it is being trialled120,121.

System- or surgeon specialty-based investments in
surgical care have been shown to be cost-effective, despite
the perception that surgery is too expensive for global
health initiatives. The World Health Organization has
recommended that a threshold of ¤111 (US $150), or
three times the per capita gross national income per
DALY saved, be used as a decision rule for affordable
programme implementation122. The cost per DALY
averted for essential surgery (such as caesarean section,
basic trauma care, and many of the emergency general
surgery procedures covered in this article) provided at
district-level hospitals has been estimated at ¤24 (US
$33), which is similar to the cost of oral rehydration

solution, and cheaper than Bacillus Calmette–Guérin
(BCG) and hepatitis B vaccines and antiretroviral
and tuberculosis therapy35,123,124. Emergency surgery,
particularly when performed late in the disease course,
is often fraught with complications related to severe
physiological derangements. These result in long intensive
care and hospital stays, reoperations and prolonged
rehabilitation, all of which come at great cost to patients,
their families and health systems. Therefore, scaling up
elective surgical services to prevent the sequelae of more
complicated disease (for example operating when hernias
are reducible) proves more cost-effective than simply
responding to surgical emergencies as they present.

Some limitations to this review should be mentioned.
First, data from the GBDS were relied on for quantitative
estimates. This is indeed the most exhaustive source of data
for global burden for all health conditions. Nonetheless,
for many conditions in LMICs, estimates are based on
extrapolations from small data sets. Of approximately 52
million deaths globally, cause of death is available in death
registries for only 19 million, mostly from HICs7. Hence,
the estimates presented in the GBDS and in the present
review must be interpreted with appropriate caution. This
is especially the case for LMICs, where the precision of
estimates is likely to be less than for the corresponding
estimates from HICs. Second, a set of 11 conditions
were considered for which deaths would most often arise
from situations in which emergency surgery would be
indicated. Some of the deaths, YLL and especially DALYs
for these conditions might not be related to emergency
complications. For example, some of the DALYs for hernia
or PUD might be due to chronic pain. Third, evaluating
the burden of conditions not covered in the GBDS has even
more limitations and global estimates for these conditions
are not possible. Likewise, a variety of studies were used
to estimate health expenditure and surgical capacity in
selected countries. These studies used differing methods
and data sources. Some provided nationwide estimates,
others estimates for specific, smaller (often more rural)
catchment areas. There were also differences in how
categories of providers were defined. For example, for
anaesthesia providers, some reports counted only physician
anaesthetists, whereas others included all anaesthetists.
It is not possible meaningfully to compare individual
countries of similar economic status with one another.
However, the logarithmic differences in surgical capacity
between countries in different economic strata are glaring.
Furthermore, the finding of a higher burden per population
in HICs is somewhat surprising. This is, in part, an artefact
of the definition of general surgical emergency used for
this study. Trauma and obstetrics were not included, both
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of which have a higher health burden per population in
LMICs. Finally, the rates and burden estimates in this
study refer to people who die or are disabled despite
having received appropriate surgical care, and people who
die or are disabled without having received adequate or
any surgical care. It is not possible to estimate the relative
proportions of these two categories and thus to estimate
the unmet need for emergency surgical care. Despite these
limitations, the estimates presented in this article allow
reasonable conclusions to be drawn about the burden of
conditions requiring emergency surgery.

There is a tremendous burden of death and disability
from conditions that require emergency general surgical
care. The burden is considerably higher than that for
other global health conditions which receive considerable
attention and investment. For example, the annual number
of deaths from emergency surgical conditions (nearly 1
million) is considerably higher than the number of maternal
deaths globally (250 000). The burden of emergency
surgical conditions affects both HICs and LMICs, although
the sheer number is much higher (70 per cent of deaths)
in LMICs. A change in pattern in LMICs is occurring,
with an increase in the proportion of deaths related to
vascular disease. There has been some progress, with a
decrease in the global burden of deaths associated with
surgical emergencies from 15·8 per 100 000 in 1990 to
12·9 per 100 000 in 2010. However, the response has been
suboptimal in HICs and especially in LMICs. Capacity
to address surgical conditions in LMICs remains very
low compared with the burden. This is true for human
resources (skills, training, staffing), physical resources
(equipment, supplies, infrastructure) and the processes
through which they are used.

The burden and capacity data reviewed in this paper
will be useful for both the surgical and public health
communities to plan a more adequate response. Part of this
response will need to encompass better training as emer-
gency surgical decision-making and procedural techniques
are different from those of elective surgery. In addition,
the response will need to involve better organization and
planning for service delivery because consistent and swift
care greatly affects morbidity and mortality. Finally, the
response will need to involve more extensive research on
a range of topics, including the epidemiology of surgical
conditions and cost-effectiveness of potential measures, to
improve the current scenario of care.
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