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Abstract

Background Surgical care is essential to health systems but remains a challenge for low- and middle-income
countries (LMICs). Current metrics to assess access and delivery of surgical care focus on the structural components
of surgery and are not readily applicable to all settings. This study assesses a new metric for surgical care access and
delivery, the ratio of emergent surgery to elective surgery (Ee ratio), which represents the number of emergency
surgeries performed for every 100 elective surgeries.

Methods A systematic search of PubMed and Medline was conducted for studies describing surgical volume and
acuity published between 2006 and 2016. The relationship between Ee ratio and three national indicators (gross
domestic product, per capital healthcare spending, and physician density) was analyzed using weighted Pearson
correlation coefficients (ry,) and linear regression models.

Results A total of 29 studies with 33 datasets were included for analyses. The median Ee ratio was 14.6 (IQR
5.5-62.6), with a range from 1.6 to 557.4. For countries in sub-Saharan Africa the median value was 62.6 (IQR
17.8-111.0), compared to 9.4 (IQR 3.4-13.4) for the United States and 5.5 (IQR 4.4-10.1) for European countries. In
multivariable linear regression, the per capita healthcare spending was inversely associated with the Ee ratio, with a
63-point decrease in the Ee ratio for each 1 point increase in the log of the per capita healthcare spending (regression
coefficient f = —63.2; 95% CI —119.6 to —6.9; P = 0.036).

Conclusions The Ee ratio appears to be a simple and valid indicator of access to available surgical care. Global
health efforts may focus on investment in low-resource settings to improve access to available surgical care.
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Introduction

Surgery is an essential component of global health and an
integral and essential component of a properly functioning
health system [1]. However, the provision of timely and
quality surgical care remains a challenge for many low-
and middle-income countries (LMICs), particularly in sub-
Saharan Africa [2-5]. With an estimated 30% of the global
burden of disease due to surgical conditions [6], it is now
widely recognized that there are enormous disparities in
access to life-saving and disability-preventing surgical
services, particularly for rural and/or marginalized popu-
lations [7, 8].

Determinants of surgical access begin with the avail-
ability of an adequate surgical workforce within a healthcare
system that is equipped to deliver surgical care with the
necessary infrastructure at the district (general) and central
(tertiary) hospitals, respectively. Patient-related determi-
nants of surgical access include socioeconomic status, edu-
cational attainment level, sex, geographic proximity to
healthcare facilities, and sociocultural norms regarding
medical care [5, 9]. The role of government and healthcare
system maturity can also not be underestimated, particularly
in resource-poor settings where there are less private options
in the healthcare market. Healthcare must be affordable to
the general public, or this may affect patients’ decisions
regarding the timeliness of presentation to care.

Available access to safe surgical care is essential to sev-
eral of the Millennium Development Goals established by
the United Nations in 2000, namely the reduction in child
mortality and the improvement of maternal health.
Achievement of these goals has been challenging and varied
worldwide. This has been most prominent in sub-Saharan
Africa. Disparities in achieving the Millennium Develop-
ment Goals contributed to a “call to action” in surgical
epidemiology by the World Health Organization (WHO) in
2012 [10], and the more recent Millennium Sustainable
Goals recognize the importance of surgical care delivery by
acknowledging the emerging prevalence of non-communi-
cable diseases. Additionally, the Safe Surgery Saves Lives
Initiative of the WHO Patient Safety Program developed
standardized public health indicators for measuring and
monitoring surgical services at a national level [11].

Current metrics to evaluate surgical care are largely
focused on the structural capacity for surgery, but overlook
patients’ access to available care. Timely access to avail-
able care is the keystone in the cascade of medical treat-
ment. This is particularly important for surgical conditions,
in which early elective care is safer and simpler than urgent
or emergent procedures [12—14]. Emergency surgery often
occurs as a result of delays in presentation to care [2, 3].
Increasing the proportion of elective surgery (i.e.,

intervening on surgical disease early in its clinical course)
in a healthcare system may be an important first step to
reducing the need for emergency surgery and reducing
preventable mortality associated with surgical disease. We
therefore propose the use of an emergency-to-elective (Ee)
surgery ratio as a new metric to reflect access to available
surgical care. The purpose of this study is to evaluate the
currently available data describing the proportion of
emergency and elective surgeries conducted worldwide,
and how the Ee ratio in various regions is associated with
national healthcare system indicators.

Methods

PubMed and Medline were searched according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [15] from January 1,
2006, to November 14, 2016, for studies, reports, or data-
sets describing surgical volume and acuity at the hospital,
regional, national, or international level. This protocol was
not registered. Manuscripts were excluded if they exclu-
sively focused on elective surgeries (e.g., cosmetic surgery)
or if they did not include the relevant data (e.g., sample
size). The search string is given in “Appendix 1~ and the
study selection in “Appendix 2”. The last search was
performed on November 14, 2016. Studies were included if
they included descriptive data of the number of elective
and emergent surgeries performed in a given time period.
The reference lists within eligible studies were searched to
identify additional eligible studies. Unpublished data from
the authors’ research site in Malawi were included. The
following data were extracted from each report: (1) general
characteristics of the study (e.g., geographic location, years
of inclusion) and (2) characteristics of the surgical cohort
and acuity (emergency vs. elective). Because the objective
was to identify descriptive datasets, a quality assessment
was not performed.

Elective surgery was defined as a procedure that is
scheduled in advance and not immediately life threatening
and may be planned within weeks or months. Urgent sur-
gery was defined as a planned procedure that should be
performed within hours or days of the decision to operate.
Emergency surgery was defined as a procedure that should
be performed as soon as possible, ideally within 24 h, and
which may be life saving. For this study, the urgent and
emergent surgery categories were combined. The emer-
gency/elective (Ee) ratio was calculated by dividing the
number of emergent surgeries by the number of elective
surgeries, and multiplying by 100, so that it can be inter-
preted as the number of emergent surgeries performed for
every 100 elective surgeries.



We calculated the Ee ratio for each dataset and com-
pared the values across different geographic regions using
the Kruskal-Wallis test. We looked for a relationship
between the Ee ratio and three national indicators: the gross
domestic product (GDP), the per capita healthcare spend-
ing, and the physician workforce supply per 1000 popula-
tion. These data were obtained from the World Bank based
on data corresponding or closest to the study year. Both
were converted to US dollars at market exchange rates. For
single-country multiyear studies, the median spending
value for all the years was used. For multicountry studies, a
population-weighted mean per capita healthcare spending
for all countries in that time period was used. For the data
from Medecins Sans Frontieres (MSF) spanning
2011-2013, population-weighted mean healthcare spend-
ing data from 2012 were applied.

To examine the association between the three indicators
and the Ee ratio, we first calculated the weighted Pearson
correlation coefficient (r,) between the Ee ratio and each
indicator, using the inverse of the log of the sample size as
weight. We then used weighted univariable linear regres-
sion to assess the relationship between the indicators (ex-
pressed in logarithm) and the Ee ratio, using the inverse of
the log of the sample size as weight. Because of a high
correlation between the three indicators, we performed a
weighted multivariable linear regression. We conducted a
sensitivity analysis excluding the data from MSF given the
uncertainty in the accuracy of the associated estimates for
these conflict zones and the fact that this dataset was an
influential outlier. Statistical analysis was performed using
Stata/SE 14.2 (StataCorp, College Station, TX). Data are
presented as median [interquartile range (IQR)]. Signifi-
cance was set at 0.05 for all analyses.

Results

A total of 28 citations met the inclusion criteria, and,
including primary data from the authors’ research site, 29
citations containing 33 datasets were included in the final
analysis. The included studies were published from 2006 to
2016, and included data collected from 1989 to 2016.
International data were available in two citations, national
data in nine, regional data in four, and hospital data in 14
citations (Table 1).

Emergency/elective (Ee) ratio

The median Ee ratio was 14.6 (interquartile range (IQR)
5.5-62.6), with a range from 1.6 (Sierra Leone, all case
types) to 557.4 (international data from MSF). The median
Ee ratio varied across geographic regions. For countries in
sub-Saharan Africa the median value was 62.6 (IQR

17.8-111.0), compared to 9.4 (IQR 3.4-13.4) for the Uni-
ted States and 5.5 (IQR 4.4-10.1) for European countries
(P = 0.015, Fig. 1).

In the main analysis, there was a statistically significant
negative correlation between Ee ratio and per capita
healthcare spending (7, = —0.33; 95% CI —0.47 to —0.19;
P < 0.001), physician workforce (r, = —0.34; 95% CI
—0.50 to —0.19; P < 0.001), and GDP (r,, = —0.25, 95%
CI —0.37 to —0.13; P <0.001). In the univariable
weighted linear regression, a statistically significant inverse
relationship was observed between the Ee ratio and per
capita healthcare spending (coefficient § = —18.8; 95% CI
—34.0 to —3.6; P =0.021) but not with the physician
workforce (coefficient f = —15.7; 95% CI —32.7 to 1.3;
P = 0.080) or the GDP (coefficient f = —10.5; 95% CI
—22.0to 1.1; P = 0.085).

A statistically significant correlation was observed
between the per capita healthcare spending and the physi-
cian workforce (r = 0.80; 95% CI 0.64-0.90; P < 0.001)
and per capita healthcare spending and the GDP (r = 0.79;
95% CI 0.61-0.89; P < 0.001). In the multivariable
weighted linear regression including the three indicators,
the per capita healthcare spending remained significantly
associated with the Ee ratio (coefficient f = —63.2; 95%
CI —119.6 to —6.9; P = 0.036) (Table 2). In other words,
every 1l-log increase in the per capita healthcare spending
was associated with a 63-point decrease in the Ee ratio
(Fig. 2). The results remained virtually unchanged in the
sensitivity analysis excluding the MSF study (data not
shown).

Discussion

This study presents the Ee ratio as a new metric for access
to surgical care and demonstrates that it correlates with per
capita healthcare spending. This confirms its use as an
indicator of healthcare systems investment. The Ee ratio is
easily applied in assessing surgical services at the local,
regional, national, and international level and can be used
to compare health systems at these levels. The Ee ratio is
novel in its applicability to all patient populations, and its
reflection of patients’ ability to access needed surgical care
in a timely fashion.

Ee ratio is not only a direct measure of access to care but
also an indirect indicator of anticipated perioperative
mortality risk. A retrospective analysis of 298,772 patients
from the American College of Surgeons National Surgical
Quality Improvement Program (NSQIP) demonstrated that
emergency status conveyed an adjusted odds ratio (OR) for
mortality of 2.54 (p < 0.001) [12]. Similarly, an analysis of
almost 3 million surgical cases performed in the United
States between 2010 and 2014 using the National



Table 1 Emergency-to-elective surgery ratios in selected countries

Source Year(s) Procedures Emergency, Elective, Emergency/elective
evaluated (n) (n) ratio
International-level data
EuSOS Group, 28 European Nations [23]* 2011 Non-cardiac 11,480 35,049 328
inpatient
surgery
Medecins Sans Frontieres General Surgery Projects of the 2011-2013 All 7803 1400 557.4
Democratic Republic of the Congo, Central African
Republic, and South Sudan [14]
National-level data
Australia, National Health Services Statistics [24] 2013-2014 All 304,741 2,080,152 14.6
Denmark, National Hernia Database and National Hospital 2003-2008 Inguinal hernia 1829 49,404 3.7
Registry [25] repair
Sweden, Swedish Hernia Register [26] 1992-2005 Inguinal and 6348 101,490 6.3
femoral
hernia repair
Sweden, Swedish Hernia Register [27] 1998-2009 Inguinal hernia 7089 143,425 4.9
repair
United States, National Anesthesia Clinical Outcomes 20102014 Al 82,324 2,647,035 3.1
Registry [13]
United States, National Inpatient Sample [28] 2004-2008 Spinal fusion 45,953 310,904 14.8
surgery
United States, National Surgical Quality Improvement 2005-2008 All 67,445 406,174  16.6
Program [29]
United States, National Surgical Quality Improvement 2010 Not specified 35,908 276,332 129
Program [30]
United States, Society of American Gastrointestinal and 1995-2005 Inguinal hernia 46 1543 2.9
Endoscopic Surgeons Registry [31] repair
Regional-level data
Italy, Emilia-Romagna Hospitals [32] 2000-2009 Inguinal hernia 6653 120,260 5.5
repair
South Africa, South African Surgical Outcomes Investigators 2014 Non-cardiac 2120 1795 118.1
[33] inpatient
surgery
United States, Michigan Surgery Quality Collaborative [34]  2005-2010 General non- 21,086 169,740 124
cardiac
surgery
United States, Rochester, Minnesota, Epidemiology Project 1989-2008 Inguinal hernia 136 3890 35
[35] repair
Hospital-level data
Brazil, University Hospital of the Universidade Federale de ~ 2011-2012  All weekday 3760 4600  81.7
Sao Paulo [36] procedures
Ghana, Komfo Anokye Teaching Hospital [37] 1998-2007 External 1294 1212 106.7
hernia repair
Japan, Kawasaki Medical School Hospital [38] 2010-2014  All inpatient 2304 15,421 149
procedures
Malawi, Kamuzu Central Hospital [39] 2004-2007 All 5243 6908 75.9
Malawi, Kamuzu Central Hospital [39] 2015-2016 All 2553 2216 1152
Malawi, Kamuzu Central Hospital [19] 2009 Inguinal hernia 88 131 672
repair
Mozambique, Hospital Rural de Chokwe [40] 2015 All 88 30 2933
Rwanda, Butaro District Hospital [41] 2013 Non-obstetric 24 377 6.4
surgery
Rwanda, Rwinkwavu District Hospital [41] 2013 Non-obstetric 8 38 211

surgery



Table 1 continued

Source Year(s) Procedures Emergency, Elective, Emergency/elective
evaluated (n) (n) ratio

Rwanda, Kirehe District Hospital [41] 2013 Non-obstetric 4 86 4.7
surgery

Sierra Leone, Connaught Hospital [42] 2012-2013 Al 8 496 1.6

Sierra Leone, Princess Christian Maternity Hospital [42] 2012-2013 Obstetrics and 66 184 359
gynecology

Tanzania, Bugando Medical Centre [43] 2010-2012 Inguinal hernia 174 278  62.6
repair

Turkey, Ankara Diskapi Education and Research Hospital [44] 2005-2009 Inguinal hernia 84 601 139
repair

Uganda, Iganga General and Buluba Mission Hospitals [45] 2011 All 1581 2701  58.5

Uganda, Mbarara Regional Referral Hospital [46] 2008-2011 All 810 5536 14.6

United Kingdom, Sheffield Teaching Hospitals NHS Trust 2005-2007 Inguinal hernia 135 3464 39

[47]

United States, Boston Veteran Affairs Healthcare System [48] 2001-2009 Inguinal hernia 63 971 6.5

repair

*EuSOS countries include Belgium, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland,
Ireland, Italy, Latvia, Lithuania, The Netherlands, Norway, Poland, Portugal, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland,

and the United Kingdom
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Fig. 1 Boxplot of the Ee ratio according to the geographic area.
The horizontal thick line indicates the median, the lower and upper
limits of the box the 25th and 75th percentiles, and n the number of
studies

Anesthesia Clinical Outcomes Registry showed that
emergency status conferred an adjusted odds ratio for
mortality of 2.70 [13]. The mortality risk associated with
emergency surgery may be most obvious in the setting of
military conflict; the adjusted odds ratio for mortality
associated with emergency surgery in three African conflict
zones ranged from 2.17 to 2.76 [14]. The etiology of excess
mortality associated with emergency surgery has not been
rigorously evaluated, but may be due to delayed presen-
tation, lack of preoperative patient preparation, and

absence of prepared staff and equipment. In this capacity,
Ee ratio serves as a metric for surgical safety at the pop-
ulation and healthcare system level.

There is significant worldwide variation in the Ee ratio,
with particularly large differences between high-income
and low-income countries. This is consistent with the fact
that low-income nations carry a disproportionate share of
the global burden of surgical illness and are unable to
invest in improving surgical services. However, given the
heterogeneity of these data, it is not obvious what Ee ratio
may be considered an acceptable goal. The ultimate
objective of the Ee ratio is not to determine a universal
standard but rather to set a benchmark across a national
health system that reflects not the exact volume or case
mix, but rather the way in which a system can provide care
as a whole. Emergency surgery is not completely avoid-
able, and every system must include surge capacity to
accommodate for trauma, violence, and natural disasters.
These data demonstrate a global median Ee ratio of 14.6,
while in high-income nations of North American and
Europe the median Ee ratios is 9.4 and 5.5, respectively.
The MSF data provide useful context for an Ee ratio in a
region with active conflict and complete reliance on
external aid: 557.4. The ideal Ee ratio is likely close to 5.5,
that achieved by European countries, but this may be
unattainable for low-resource healthcare systems dispro-
portionately affected by high disease burden and low pro-
vider density. We recommend that LMICs plan healthcare
investments with the goal of reducing their Ee ratio, with



Table 2 Multivariable weighted linear regression model examining the relationship between the three indicators (expressed in a log form) and

the Ee ratio

Beta coefficient 95% confidence interval P value
Intercept 410.3 60.6 to 759.9 0.029
Per capita healthcare spending —63.2 —119.6 to —6.9 0.036
Physician supply per 1000 population 12.1 —17.4 to 41.6 0.427
Gross domestic product 329 —20.2 to 86.2 0.234
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Fig. 2 Relationship between the Ee ratio and the per capita
healthcare expenditure (in a log form). Each circle represents one
study, and the diameter of the circle is proportional to the weight of
that study in the analysis. The dashed line is the regression line from
the weighted multivariable regression model. The relation between
the Ee ratio and the per capita healthcare expenditure is significant
with a decrease in the Ee ratio as the expenditure increases (slope
—63.2; 95% CI —119.6 to —6.9; P = 0.036)

the understanding that there may be varying success in the
short term. Stepwise investments in surgical care may
reveal the most efficient systems changes.

It is also notable that the majority of data from low-
resource settings (e.g., sub-Saharan Africa) were at the
hospital level, while national datasets were primarily from
high-income countries. International consensus will rely on
(1) the development of comprehensive datasets, particu-
larly multicenter databases representing low-resource set-
tings, (2) discussions of how sociocultural norms affect
patients’ access to and timeliness of care, and (3) con-
trolling for regions with endemic violence.

The recent call to action by the WHO has brought
renewed vigor to surgical epidemiology, and several other
metrics have been proposed for evaluating surgical care.
The standardized national-level indicators put forth by the

WHO are (1) number of operating rooms, (2) number of
operations performed, (3) number of accredited surgeons,
(4) number of accredited anesthesia professionals, (5) day-
of-surgery death ratio, and (6) postoperative in-hospital
death ratio. While valuable from a development standpoint
in quantifying and benchmarking national surgical infras-
tructure, these metrics do not reflect the realities of
healthcare faced by many LMICs, where physician-exten-
ders frequently provide surgical care [16]. It is imperative
that any surgical care metric allows for this difference in
workforce profile. These indicators also provide no context
for mortality data. For example, one could not deduce from
a day-of-surgery death ratio if the root cause was delayed
presentation to care, emergency status, lack of equipment,
lack of providers, or adverse treatment effects.

The perioperative mortality rate (POMR) has also been
proposed as a global indicator of access to safe surgical
care. However, the POMR is more directly influenced by
intraoperative and postoperative care than patients’ ability
to access available health services. This is reinforced by the
recognition that the POMR has almost equalized across
high- and low-income nations worldwide with improve-
ments in surgical and anesthetic safety practices [17]. Like
the WHO indicators, it also lacks detailed context for
perioperative deaths, which limits its applicability in
improving healthcare systems.

Two metrics for surgical care services have been pro-
posed that are more specific: the cesarean section ratio
(CSR) [18] and emergent hernia repair ratio (EHR) [19].
The CSR is the ratio of cesarean sections to the total
operations performed at a site. Cesarean sections, particu-
larly when emergent, are expected to be more common in
areas where antenatal care is limited. Similarly, hernias
may be treated electively if medical care is sought and
provided in a timely manner, but may require emergent
reduction in the setting of incarceration, obstruction, or
strangulation. The EHR is the ratio of emergent to elective
herniorrhaphies. A CSR >0.2 or an EHR >0.1 is thought to
represent a setting with critical medical access and surgical
care deficiencies [20].



The EHR and CSR are not only strong in their ability to
reflect access to available care, but are also equally appli-
cable to both high- and low-income settings since hernia
repairs and cesarean sections are performed worldwide in
primary and tertiary medical centers by both physicians
and physician-extenders. However, the EHR and CSR have
limitations. Cesarean sections reflect women’s access to
obstetric care and ignore sizeable segment of the popula-
tion, particularly the pediatric and male populations. Fur-
thermore, increases in median maternal age in high-income
countries, which reflect population changes rather than
changes in access to care, could affect the CSR [21, 22];
CSR is therefore not generalizable globally. The EHR is
also overly narrow in its focus and does not measure
patients’ access to available care for injuries, abdominal
sepsis, obstetrics, or infectious processes.

There are several limitations to our study. First, the Ee
ratio requires further validation before its use. Any metric
is restricted by the available data, and despite completing a
systematic search, publication bias still affects the type and
scope of available data. A target Ee ratio should be
developed through examination of comprehensive national
surgical datasets created and contributed with this purpose
in mind. Second, the Ee ratio makes no allowances for
illness severity, surgical case complexity, or the quality
metrics of care. While this is a trade-off made for gener-
alizability, the Ee ratio must be used and interpreted with
restraint. Our international and regional data also include a
disproportionate number of citations from high-income
countries, while data from low-income nations were pre-
dominantly at the hospital level. This heterogeneity likely
hindered the ability to identify an independent association
between physician workforce or GDP and the Ee ratio, and
further validation of the Ee ratio may be pursued with the
contribution of additional large datasets from around the
world. In particular, this highlights the need for more
investment in the development of national surgical reg-
istries from low-resource areas.

The Ee ratio is a simple and valid measurement of
surgical access, availability, and capacity in healthcare
systems, which can be applied with equanimity worldwide.

Improving access to safe surgical care is essential to any
healthcare system. The provision of even basic surgical
care has the potential to avert a large proportion of pre-
ventable morbidity and mortality associated with emer-
gency surgery, and investments need not be costly or
complex [7]. Surgical care is increasingly a priority for
national and international health policy organizations, and
the Ee ratio may serve as a useful metric to benchmark
global improvements in the access and provision of sur-
gical care.
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Appendix 1: search string

(“surgery”[title] OR “perioperative”[title] OR “surgi-
cal”[title] OR “operation”[title]) AND (“statistics”[title]
OR “capacity”[title] OR “outcomes”[title] OR “data”[ti-
tle] OR “management”[title]) AND (“national”[title] OR
“regional”’[title] OR “project”[title] OR “projects”[title]
OR “hospital”[title] OR “survey”[title]).

Appendix 2: study search selection flow chart
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