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health community.68 We outline the role of tertiary care 
structures and of leadership across the surgical system, 
focusing on the instruments and systems needed for the 
workforce to deliver care. We have queried hundreds of 
providers in resource-poor settings through in-person 
interviews and telephone conversations, a survey, and 
electronic correspondence (appendix pp 47–49). We also 
used the WHO Emergency and Essential Surgical Care 
Situational Analysis Tool (SAT) database, a collection of 
1357 facility surveys (as of April, 2014) from 54 countries 
collected since 2007 (appendix p 30). This section 
presents published work and previously unpublished 
data on present challenges and potential solutions for 
care provision in low-resource settings.

The present situation 
The Three Delays framework
The ability to receive surgical care when needed depends 
both on the accessibility of surgical facilities and the 
availability of surgical and anaesthetic providers to 
deliver that care. A woman who lives hours away from 
the nearest hospital probably does not have access to 
timely surgery and anaesthesia. A woman who lives just 
minutes away from a hospital that does not have enough 
surgeons and anaesthetists available to offer care also 
does not have access to surgery and anaesthesia. 
Accessibility and availability, then, are crucial concepts in 
low-resource settings and can be further interrogated 
under the lens of the Three Delays framework to explain 
the delay between symptom onset and receipt of 
appropriate care.68

The First Delay—the delay in seeking care—occurs 
when patients often wait to seek health care because of 
financial and geographic restrictions, cultural beliefs, 
poor education, a history of being disconnected from 
formal health systems, and low awareness of available 
services or low confidence in those services.69 Patients 
turn to informal providers (traditional healers) because 
they are accessible, trusted, and inexpensive.70 WHO 
reports that up to 80% of the population in low-resource 
settings relies on informal providers who are often poorly 
connected to the broader health system.71 This option can 
lead to further delay in surgical referral.

The Second Delay—the delay in reaching care—occurs 
when hospitals with surgical capacity are scarce, meaning 
the nearest facility can be hours to days away, depending 
on mode of transportation. Few patients have access to 
private vehicles, ambulance systems are rare, and public 
transportation is variable in availability.72 Poverty also 
plays a strong part, reducing the affordability of public 
transportation if any is available. We have analysed the 
distance to surgical and anaesthesia care using the WHO 
SAT database, and present the median distances patients 
travel to their nearest surgical facility in various income 
settings (figure 6). 

The Third Delay—the delay in receiving care—occurs 
when attendance at a hospital does not guarantee 
treatment, since few first-level hospitals can provide 
comprehensive emergent operative care. Data from the 
WHO SAT database show the proportion of first-level 
hospitals that could provide a caesarean delivery (64%), 
laparotomy (58%), and treatment for an open fracture 
(40%). Country-specific studies had similar findings 
(appendix p 50).

Reasons for delays in receiving care
Structural deficits trouble hospitals in low-resource 
settings. The WHO SAT database surveyed almost 
800 facilities in low-income countries to discover what 
proportion of them did not have reliable electricity (31%), 
running water (22%), oxygen (24%), a dedicated area for 
emergency care (31%), and provisions for postoperative 
care (47%; appendix p 30). Few facilities, especially rural 
ones, have access to a computer or the internet; this 
restriction furthers a sense of isolation and prevents 
access to up-to-date clinical and research resources.73 55% 
of district hospitals surveyed across eight African 
countries did not have an anaesthesia machine.74 About 
70% of operating rooms in parts of sub-Saharan Africa 
had no pulse oximeter.8 Of 28 district hospitals in Zambia, 
35% did not have a laryngoscope.75 A study in Nigeria 
reported that only 42% of district and 24% of regional 
hospitals had supplies to maintain a paediatric airway.76

Essential medications, supplies, and personal protective 
equipment are frequently out of stock.74,77 Stock-outs are 
often the result of insufficient funding and poor 

Figure 5: The surgical system
The surgical system is an interdependent network of individuals and institutions that reside within the health system.
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health community.68 We outline the role of tertiary care 
structures and of leadership across the surgical system, 
focusing on the instruments and systems needed for the 
workforce to deliver care. We have queried hundreds of 
providers in resource-poor settings through in-person 
interviews and telephone conversations, a survey, and 
electronic correspondence (appendix pp 47–49). We also 
used the WHO Emergency and Essential Surgical Care 
Situational Analysis Tool (SAT) database, a collection of 
1357 facility surveys (as of April, 2014) from 54 countries 
collected since 2007 (appendix p 30). This section 
presents published work and previously unpublished 
data on present challenges and potential solutions for 
care provision in low-resource settings.
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both on the accessibility of surgical facilities and the 
availability of surgical and anaesthetic providers to 
deliver that care. A woman who lives hours away from 
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minutes away from a hospital that does not have enough 
surgeons and anaesthetists available to offer care also 
does not have access to surgery and anaesthesia. 
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reports that up to 80% of the population in low-resource 
settings relies on informal providers who are often poorly 
connected to the broader health system.71 This option can 
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when hospitals with surgical capacity are scarce, meaning 
the nearest facility can be hours to days away, depending 
on mode of transportation. Few patients have access to 
private vehicles, ambulance systems are rare, and public 
transportation is variable in availability.72 Poverty also 
plays a strong part, reducing the affordability of public 
transportation if any is available. We have analysed the 
distance to surgical and anaesthesia care using the WHO 
SAT database, and present the median distances patients 
travel to their nearest surgical facility in various income 
settings (figure 6). 
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health community.68 We outline the role of tertiary care 
structures and of leadership across the surgical system, 
focusing on the instruments and systems needed for the 
workforce to deliver care. We have queried hundreds of 
providers in resource-poor settings through in-person 
interviews and telephone conversations, a survey, and 
electronic correspondence (appendix pp 47–49). We also 
used the WHO Emergency and Essential Surgical Care 
Situational Analysis Tool (SAT) database, a collection of 
1357 facility surveys (as of April, 2014) from 54 countries 
collected since 2007 (appendix p 30). This section 
presents published work and previously unpublished 
data on present challenges and potential solutions for 
care provision in low-resource settings.
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reports that up to 80% of the population in low-resource 
settings relies on informal providers who are often poorly 
connected to the broader health system.71 This option can 
lead to further delay in surgical referral.
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on mode of transportation. Few patients have access to 
private vehicles, ambulance systems are rare, and public 
transportation is variable in availability.72 Poverty also 
plays a strong part, reducing the affordability of public 
transportation if any is available. We have analysed the 
distance to surgical and anaesthesia care using the WHO 
SAT database, and present the median distances patients 
travel to their nearest surgical facility in various income 
settings (figure 6). 
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comprehensive emergent operative care. Data from the 
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hospitals that could provide a caesarean delivery (64%), 
laparotomy (58%), and treatment for an open fracture 
(40%). Country-specific studies had similar findings 
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Structural deficits trouble hospitals in low-resource 
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800 facilities in low-income countries to discover what 
proportion of them did not have reliable electricity (31%), 
running water (22%), oxygen (24%), a dedicated area for 
emergency care (31%), and provisions for postoperative 
care (47%; appendix p 30). Few facilities, especially rural 
ones, have access to a computer or the internet; this 
restriction furthers a sense of isolation and prevents 
access to up-to-date clinical and research resources.73 55% 
of district hospitals surveyed across eight African 
countries did not have an anaesthesia machine.74 About 
70% of operating rooms in parts of sub-Saharan Africa 
had no pulse oximeter.8 Of 28 district hospitals in Zambia, 
35% did not have a laryngoscope.75 A study in Nigeria 
reported that only 42% of district and 24% of regional 
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health community.68 We outline the role of tertiary care 
structures and of leadership across the surgical system, 
focusing on the instruments and systems needed for the 
workforce to deliver care. We have queried hundreds of 
providers in resource-poor settings through in-person 
interviews and telephone conversations, a survey, and 
electronic correspondence (appendix pp 47–49). We also 
used the WHO Emergency and Essential Surgical Care 
Situational Analysis Tool (SAT) database, a collection of 
1357 facility surveys (as of April, 2014) from 54 countries 
collected since 2007 (appendix p 30). This section 
presents published work and previously unpublished 
data on present challenges and potential solutions for 
care provision in low-resource settings.
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The ability to receive surgical care when needed depends 
both on the accessibility of surgical facilities and the 
availability of surgical and anaesthetic providers to 
deliver that care. A woman who lives hours away from 
the nearest hospital probably does not have access to 
timely surgery and anaesthesia. A woman who lives just 
minutes away from a hospital that does not have enough 
surgeons and anaesthetists available to offer care also 
does not have access to surgery and anaesthesia. 
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appropriate care.68
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poor education, a history of being disconnected from 
formal health systems, and low awareness of available 
services or low confidence in those services.69 Patients 
turn to informal providers (traditional healers) because 
they are accessible, trusted, and inexpensive.70 WHO 
reports that up to 80% of the population in low-resource 
settings relies on informal providers who are often poorly 
connected to the broader health system.71 This option can 
lead to further delay in surgical referral.
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the nearest facility can be hours to days away, depending 
on mode of transportation. Few patients have access to 
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transportation is variable in availability.72 Poverty also 
plays a strong part, reducing the affordability of public 
transportation if any is available. We have analysed the 
distance to surgical and anaesthesia care using the WHO 
SAT database, and present the median distances patients 
travel to their nearest surgical facility in various income 
settings (figure 6). 
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administrative management of inventory.78,79 Disposables 
are often reused (appendix p 47).

In low-resource hospitals, equipment often does not 
work and is difficult to repair (appendix p 49).80 Most 
equipment is foreign—WHO once estimated that up to 
80% is donated—so local serviceability is unusual, and 
manufacturers seldom extend maintenance contracts 
for old equipment.81 Assessments show that almost 
40% of donated equipment is out of service.82 Hospitals 
often feel obligated to accept donations even when the 
equipment or supplies are not useful.81

WHO estimates that more than half of the world does 
not have access to radiology services.83 Only 41% of 
first-level hospitals studied in Nigeria and 63% of 
hospitals studied in Botswana had a radiograph machine  
(appendix p 36).84 Pathology services are essential for 
surgical treatment, yet few first-level hospitals have the 
ability to preserve a sample or obtain a pathological 
diagnosis.85 Basic blood laboratory and microbiology 
services are also variable in availability.86

The absence of a safe blood supply is a crucial problem 
worldwide. Blood donation rates are low because of a 
high prevalence of anaemia and transfusion transmissible 
illnesses (TTIs), and poor blood collection infra-
structure.87,88 Only 27% of hospitals in low-income 
countries reported an on-site blood bank (appendix p 51). 
The few facilities that have an on-site blood bank are 
concentrated in urban areas. Safety is also a concern: 
despite high rates of TTIs, 39 countries report that 
donated blood is not routinely tested and a third of 
98 reporting countries had stock-outs of test kits.89

Many providers resort to unbanked direct blood 
transfusion, in which a family member or community 
member donates on the spot, blood is tested with a rapid 
test kit that includes cross-match, and the patient is 
immediately transfused (appendix p 51). This process 
carries increased risk of TTI, and both paid and unpaid 
donors can face coercion.90

In the face of minimally functional first-level hospitals, 
the burden of care falls on functional non-governmental 
and tertiary hospitals. Tertiary hospitals are overcrowded; 
some exceed capacity by 200–300% (appendix p 47). In 
high-income settings, the association between over-
crowding and adverse events is well documented.91 Tertiary 
centres, burdened with acute surgical volume from first-
level hospitals, lose the ability to offer more complex, 
planned surgery.92 Planned surgery, often referred to as 
elective in the high-income setting, is seldom elective in 
LMICs. These non-elective chronic, debilitating surgical 
conditions, left untreated for years, have generated a 
tremendous backlog.93

Insufficient managerial support leads to little focus 
on processes and protocols in all areas.94 Poor surgical 
functionality is often attributed to an absence of 
resources, but once resources are obtained, the 
hospital’s functionality depends on organisation to 
bring those resources together successfully.95 Too often, 

managerial tasks are left to clinicians with substantial 
clinical responsibilities and little training in 
professional management.96

Leadership is often diffuse and goals are unclear or 
set by an external agency, restricting autonomy at the 
local level.94,97 Poor structural hierarchies make it 
difficult to reprimand the habitually late surgeon or 
identify the root cause of an improperly cleaned 
instrument making it into the operating room. 
Insufficient administrative support further hinders 
mundane tasks such as filing paperwork to replace a 
broken ultrasound machine (appendix).

Additionally, referrals are a source of consternation for 
both the referring and accepting parties, not to mention 
the patient who bears the cost of transportation. Patients 
are transferred because of inadequate capabilities at the 
local level, but capability at the next level is not 
guaranteed, which reinforces the adage that referral is a 
myth.98

Furthermore, more than 80% of people in low-income 
countries might have been subject to some type of 
corruption related to health care.99 Corruption can 
manifest as bribes for necessary health-care tasks or 
more subtly in priority setting by ministries of health, 
infrastructure allocations, and hiring decisions.100 
People in authority positions often have the means to 
leave the country for care, lowering their incentive to 
invest in strong health systems for people with the 
lowest income. Restricted freedom of the press to report 
present circumstances without retribution exacerbates 
existing deficits.99

More than 300 international NGOs provide surgical 
services in LMICs.101 Although most of these NGOs 

Figure 6: Median distance to a hospital according to country income level
Data are medians and IQRs of the estimated distances patients travel to reach a 
hospital in low-income, middle-income, and high-income countries. Low-income 
and middle-income country data are from the WHO Emergency and Essential 
Surgical Care Situational Analysis Tool database, 2007–14 (appendix p 30). Due to 
paucity of data for high-income countries, we substituted the data from the WHO 
Situational Analysis Tool database with US data from the Centers for Disease 
Control and Prevention’s National Center for Health Statistics Research Data 
Center, 1999–2009.
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health community.68 We outline the role of tertiary care 
structures and of leadership across the surgical system, 
focusing on the instruments and systems needed for the 
workforce to deliver care. We have queried hundreds of 
providers in resource-poor settings through in-person 
interviews and telephone conversations, a survey, and 
electronic correspondence (appendix pp 47–49). We also 
used the WHO Emergency and Essential Surgical Care 
Situational Analysis Tool (SAT) database, a collection of 
1357 facility surveys (as of April, 2014) from 54 countries 
collected since 2007 (appendix p 30). This section 
presents published work and previously unpublished 
data on present challenges and potential solutions for 
care provision in low-resource settings.

The present situation 
The Three Delays framework
The ability to receive surgical care when needed depends 
both on the accessibility of surgical facilities and the 
availability of surgical and anaesthetic providers to 
deliver that care. A woman who lives hours away from 
the nearest hospital probably does not have access to 
timely surgery and anaesthesia. A woman who lives just 
minutes away from a hospital that does not have enough 
surgeons and anaesthetists available to offer care also 
does not have access to surgery and anaesthesia. 
Accessibility and availability, then, are crucial concepts in 
low-resource settings and can be further interrogated 
under the lens of the Three Delays framework to explain 
the delay between symptom onset and receipt of 
appropriate care.68

The First Delay—the delay in seeking care—occurs 
when patients often wait to seek health care because of 
financial and geographic restrictions, cultural beliefs, 
poor education, a history of being disconnected from 
formal health systems, and low awareness of available 
services or low confidence in those services.69 Patients 
turn to informal providers (traditional healers) because 
they are accessible, trusted, and inexpensive.70 WHO 
reports that up to 80% of the population in low-resource 
settings relies on informal providers who are often poorly 
connected to the broader health system.71 This option can 
lead to further delay in surgical referral.

The Second Delay—the delay in reaching care—occurs 
when hospitals with surgical capacity are scarce, meaning 
the nearest facility can be hours to days away, depending 
on mode of transportation. Few patients have access to 
private vehicles, ambulance systems are rare, and public 
transportation is variable in availability.72 Poverty also 
plays a strong part, reducing the affordability of public 
transportation if any is available. We have analysed the 
distance to surgical and anaesthesia care using the WHO 
SAT database, and present the median distances patients 
travel to their nearest surgical facility in various income 
settings (figure 6). 
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health community.68 We outline the role of tertiary care 
structures and of leadership across the surgical system, 
focusing on the instruments and systems needed for the 
workforce to deliver care. We have queried hundreds of 
providers in resource-poor settings through in-person 
interviews and telephone conversations, a survey, and 
electronic correspondence (appendix pp 47–49). We also 
used the WHO Emergency and Essential Surgical Care 
Situational Analysis Tool (SAT) database, a collection of 
1357 facility surveys (as of April, 2014) from 54 countries 
collected since 2007 (appendix p 30). This section 
presents published work and previously unpublished 
data on present challenges and potential solutions for 
care provision in low-resource settings.

The present situation 
The Three Delays framework
The ability to receive surgical care when needed depends 
both on the accessibility of surgical facilities and the 
availability of surgical and anaesthetic providers to 
deliver that care. A woman who lives hours away from 
the nearest hospital probably does not have access to 
timely surgery and anaesthesia. A woman who lives just 
minutes away from a hospital that does not have enough 
surgeons and anaesthetists available to offer care also 
does not have access to surgery and anaesthesia. 
Accessibility and availability, then, are crucial concepts in 
low-resource settings and can be further interrogated 
under the lens of the Three Delays framework to explain 
the delay between symptom onset and receipt of 
appropriate care.68

The First Delay—the delay in seeking care—occurs 
when patients often wait to seek health care because of 
financial and geographic restrictions, cultural beliefs, 
poor education, a history of being disconnected from 
formal health systems, and low awareness of available 
services or low confidence in those services.69 Patients 
turn to informal providers (traditional healers) because 
they are accessible, trusted, and inexpensive.70 WHO 
reports that up to 80% of the population in low-resource 
settings relies on informal providers who are often poorly 
connected to the broader health system.71 This option can 
lead to further delay in surgical referral.

The Second Delay—the delay in reaching care—occurs 
when hospitals with surgical capacity are scarce, meaning 
the nearest facility can be hours to days away, depending 
on mode of transportation. Few patients have access to 
private vehicles, ambulance systems are rare, and public 
transportation is variable in availability.72 Poverty also 
plays a strong part, reducing the affordability of public 
transportation if any is available. We have analysed the 
distance to surgical and anaesthesia care using the WHO 
SAT database, and present the median distances patients 
travel to their nearest surgical facility in various income 
settings (figure 6). 

The Third Delay—the delay in receiving care—occurs 
when attendance at a hospital does not guarantee 
treatment, since few first-level hospitals can provide 
comprehensive emergent operative care. Data from the 
WHO SAT database show the proportion of first-level 
hospitals that could provide a caesarean delivery (64%), 
laparotomy (58%), and treatment for an open fracture 
(40%). Country-specific studies had similar findings 
(appendix p 50).

Reasons for delays in receiving care
Structural deficits trouble hospitals in low-resource 
settings. The WHO SAT database surveyed almost 
800 facilities in low-income countries to discover what 
proportion of them did not have reliable electricity (31%), 
running water (22%), oxygen (24%), a dedicated area for 
emergency care (31%), and provisions for postoperative 
care (47%; appendix p 30). Few facilities, especially rural 
ones, have access to a computer or the internet; this 
restriction furthers a sense of isolation and prevents 
access to up-to-date clinical and research resources.73 55% 
of district hospitals surveyed across eight African 
countries did not have an anaesthesia machine.74 About 
70% of operating rooms in parts of sub-Saharan Africa 
had no pulse oximeter.8 Of 28 district hospitals in Zambia, 
35% did not have a laryngoscope.75 A study in Nigeria 
reported that only 42% of district and 24% of regional 
hospitals had supplies to maintain a paediatric airway.76

Essential medications, supplies, and personal protective 
equipment are frequently out of stock.74,77 Stock-outs are 
often the result of insufficient funding and poor 

Figure 5: The surgical system
The surgical system is an interdependent network of individuals and institutions that reside within the health system.
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levels of care, including public, private, and NGO 
stakeholders.142 These committees should work to 
minimise or eliminate the cost of transfer to the patient.

Equipped with basic infrastructure and administrative 
and managerial support, first-level hospitals should aim 
to offer a broad range of surgical procedures. Consistent 
provision of planned surgery needs only a marginal 
increase in resources above those already in place for 
emergency care. In fact, provision of planned surgery 
can confer valuable benefits to the function of the 
surgical team, including morale, confidence, and 
efficiency; patients can be preselected, health status 
optimised, and teams can focus on timely starts and 
process checks.143

Ministries of health should ensure that planned 
surgical care is available at first-level hospitals, 
consistent with population needs. Ideally, these 
procedures can be stratified by volume and risk, and 
the initial focus can be on provision of high-volume, 
low-risk planned procedures at first-level hospitals, 
referring the rest to tertiary centres. In many instances, 
owing to resource constraints of the health system and 
of the patient, first-level providers do not have the 
option of referral to a higher-level centre, and should do 
their best to provide the necessary medical atten tion. 
Nonetheless, figure 8 outlines some common 
procedures stratified in a must do, should do, and can 
do framework for first-level care. The framework serves 
as an example, is not compre hensive, and should be 
adapted to different contexts according to relevant 
disease burden. NGOs and volunteer teams can be 
particularly useful in the provision of support for 
planned surgical care.

Outcomes and other opportunities
The ultimate goal is to build a strong, resilient surgical 
system that can provide consistent, high-quality care. 
Armed with adequate structures and improved 

processes, a great opportunity to improve outcomes in 
low-resource settings exists. As structural and functional 
capacity at first-level hospitals improves, higher-level 
hospitals can serve as hubs for education, research, and 
clinical support. Improved network connectivity between 
the tertiary hospital and its health system partners will 
allow for novel collaborations. As discussed, providers at 
first-level hospitals often feel isolated, and have 
few opportunities for interprofessional interaction. A 
system-wide morbidity and mortality conference, hosted 
by the tertiary centre over mobile link, for example, 
could connect staff at remote first-level hospitals into 
a forum for multilateral learning. A collaborative 
approach between a tertiary centre and rural hospitals 
has been fostered by the Christian Medical College in 
Vellore, India, which has a longstanding practice of 
encouraging its surgical graduates to practise in rural 
communities.144 These surgeons are paired with 
colleagues at the tertiary centre, who are available by 
phone to provide support for challenging cases or 
discuss the need for referral.

Higher-level centres can also serve as the clinical support 
hub for complex radiology, pathology, and services with 
needs unavailable at the first-level hospital. A reliable 
system to transfer films and pathology specimens and 
return diagnostic reports should be established.

Research is important to improve outcomes; 
adherence to protocols should be measured, metrics 
tracked, and adverse events openly reviewed.94 Much of 
this activity will hinge on having the staff and the tools 
for research, and although excellent clinical care can be 
provided in the absence of electronic medical records, 
context-appropriate information systems can enhance 
both data collection and process monitoring. Research 
collaborations between well resourced academic 
institutions with research skills and clinicians in 
low-resource settings with high clinical loads and 
important research questions can be a powerful aspect 
of global health partnerships.

Clinical conditions with management guidelines based 
on the high-income context present a challenge to 
clinicians in low-resource settings, who might feel 
vulnerable when resource constraints force clinical 
decisions that are different from contextually irrelevant, 
but published, protocols. Academic and professional 
entities within low-resource settings should take the lead 
in research and establishment of relevant clinical practice 
guidelines. The appendix lists some examples of 
protocols developed for use in low-resource settings 
(appendix p 24).

While surgical capacity is developed, local and 
international NGOs can play an important part in care 
delivery. When using a measured approach consistent 
with the local needs, culture, and context, NGOs can 
strengthen the system by assisting local clinicians to 
tackle the backlog of unmet need, integrating with 
local training programmes, and enhancing local 

Figure 8: Common surgical procedures stratified in a must do, should do, and can do framework for 
first-level care
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list, as needs change with time and between contexts. 
Further, although all agree that safety in surgical and 
anaesthesia care is important, fewer agree on what 
actually constitutes safe or quality surgery. Adverse 
events exist even in the world’s highest-resource systems, 
and what constitutes ‘quality’ is challenging to define.117 
To blindly pursue the perceived high-income country 
(HIC) safer option without an evidence base to support it 
can be a dangerous endeavour; many practices that make 
life-saving care possible in low-resource settings might 
be mischaracterised as unsafe. The pressure-cooker used 
for sterilisation in a rural Indian first-level hospital might 
be just as effective as the industrial-grade autoclave in the 
tertiary centre. In fact, these cost-conscious adaptations 
from the low-resource environment might be important 
cost-saving innovations in the high-resource setting. 
Without further research, uncertainty will persist. With 
this in mind, we came to consensus on general needs for 
safe surgery on the basis of a review of the existing 
academic and grey literature and expert panel 
deliberation, avoiding an overly prescriptive set of 
recommendations based on scant evidence (panel 2).117

The Bellwether Procedures need skills that span general 
and orthopaedic surgery, obstetrics, and anaesthesia. 
Workforce shortages, however, make it unlikely to have 
a general surgeon, orthopaedist, obstetrician, and 
anaesthetist available in all first-level hospitals, all the 
time.118 As such, providers who practice in these 
environments are forced to transcend contextually 
irrelevant professional constructs and command a broad 
skillset. These true generalists are actually multispecialists, 
and allow care provision for many rural communities that 
would otherwise go without. However, to work as a 
multispecialist in a rural setting is taxing, both personally 
and professionally. Away from friends and family, 
working in remote areas in poorly equipped hospitals, 
treating high-acuity patients with minimal resources, 
with few opportunities for professional development, 
restricted interactions with peers, and little recognition of 
their sacrifice can lead to a sense of isolation and futility.

Maintenance of a motivated workforce in low-resource 
environments, however, is essential for service provision, 
and ministries of health and professional societies 
should take active steps to ensure these clinicians are 
celebrated instead of neglected.119 To ensure that providers 
have the necessary instruments to practise is imperative, 

as are opportunities for continuing education and 
professional development. These resources include 
access to the internet, online clinical management 

Figure 7: Proportion of surgical facilities that provide listed surgical 
procedure according to provision of related Bellwether Procedure

 (A) Proportion of surgical facilities in LMICs that provide the listed obstetric 
procedures according to whether or not they also provide caesarean delivery. 

(B) Proportion of surgical facilities that provide the listed general surgical 
procedures according to whether or not they also provide laparotomy. 

Data are from the WHO Emergency and Essential Surgical Care Situational 
Analysis Tool database, 2007–14 (appendix p 30). 

(C) Proportion of surgical facilities that provide the listed orthopaedic 
procedures according to whether or not they also treat open fractures. 
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list, as needs change with time and between contexts. 
Further, although all agree that safety in surgical and 
anaesthesia care is important, fewer agree on what 
actually constitutes safe or quality surgery. Adverse 
events exist even in the world’s highest-resource systems, 
and what constitutes ‘quality’ is challenging to define.117 
To blindly pursue the perceived high-income country 
(HIC) safer option without an evidence base to support it 
can be a dangerous endeavour; many practices that make 
life-saving care possible in low-resource settings might 
be mischaracterised as unsafe. The pressure-cooker used 
for sterilisation in a rural Indian first-level hospital might 
be just as effective as the industrial-grade autoclave in the 
tertiary centre. In fact, these cost-conscious adaptations 
from the low-resource environment might be important 
cost-saving innovations in the high-resource setting. 
Without further research, uncertainty will persist. With 
this in mind, we came to consensus on general needs for 
safe surgery on the basis of a review of the existing 
academic and grey literature and expert panel 
deliberation, avoiding an overly prescriptive set of 
recommendations based on scant evidence (panel 2).117
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Workforce shortages, however, make it unlikely to have 
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anaesthetist available in all first-level hospitals, all the 
time.118 As such, providers who practice in these 
environments are forced to transcend contextually 
irrelevant professional constructs and command a broad 
skillset. These true generalists are actually multispecialists, 
and allow care provision for many rural communities that 
would otherwise go without. However, to work as a 
multispecialist in a rural setting is taxing, both personally 
and professionally. Away from friends and family, 
working in remote areas in poorly equipped hospitals, 
treating high-acuity patients with minimal resources, 
with few opportunities for professional development, 
restricted interactions with peers, and little recognition of 
their sacrifice can lead to a sense of isolation and futility.

Maintenance of a motivated workforce in low-resource 
environments, however, is essential for service provision, 
and ministries of health and professional societies 
should take active steps to ensure these clinicians are 
celebrated instead of neglected.119 To ensure that providers 
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list, as needs change with time and between contexts. 
Further, although all agree that safety in surgical and 
anaesthesia care is important, fewer agree on what 
actually constitutes safe or quality surgery. Adverse 
events exist even in the world’s highest-resource systems, 
and what constitutes ‘quality’ is challenging to define.117 
To blindly pursue the perceived high-income country 
(HIC) safer option without an evidence base to support it 
can be a dangerous endeavour; many practices that make 
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cost-saving innovations in the high-resource setting. 
Without further research, uncertainty will persist. With 
this in mind, we came to consensus on general needs for 
safe surgery on the basis of a review of the existing 
academic and grey literature and expert panel 
deliberation, avoiding an overly prescriptive set of 
recommendations based on scant evidence (panel 2).117
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time.118 As such, providers who practice in these 
environments are forced to transcend contextually 
irrelevant professional constructs and command a broad 
skillset. These true generalists are actually multispecialists, 
and allow care provision for many rural communities that 
would otherwise go without. However, to work as a 
multispecialist in a rural setting is taxing, both personally 
and professionally. Away from friends and family, 
working in remote areas in poorly equipped hospitals, 
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environments, however, is essential for service provision, 
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resources, textbooks, and research literature.120 Pathways 
for the training of supporting staff, such as task-shared 
providers, might provide hope for a more reasonable 
workload. Establishment of rotations for surgical 
residents through first-level and other low-resource 
hospitals not only recognises the crucial role that 
multispecialists can serve in resident training, but also 
connects them to tertiary centres.

Augmentation and equitable distribution of the blood 
supply is essential. Blood donation rates can vary 
substantially, and although no gold standard exists, most 
high-functioning health systems with high life expectancy 
achieve a rate of at least 15 donations per 1000 population 
(appendix p 51). In the long term, the reduction of 
chronic anaemia and TTIs will be important to ensure a 
robust donor pool.89 In the short term, workarounds like 
unbanked direct blood transfusion should be optimised 
for safety with provider training and delivery of rapid 
testing kits. Tranexamic acid effectively reduces the need 
for blood transfusion and its supply and use should be 
encouraged.121 Finally, the blood banking infrastructure 
should be well distributed for collection, storage, and 
delivery.

Ultrasound is important to the first-level surgical 
hospital. It provides the capacity for a broad range of 
rapid diagnoses, including those for fractures, ectopic 
pregnancies, and ruptured solid organs.122,123 Low-cost 
innovation will be important to make imaging technology 
such as ultrasound and CT scan, which are so crucial to 
clinical decision making, available to more of the global 
population (panel 3). Strategies to leverage connectivity 
to compensate for the shortfall of radiologists and 
minimise maintenance costs will be important. The 
global radiology community continues to make strides 
towards technologies that allow remote image 
interpretation despite restricted bandwidth, network 
disruption, and electrical grid restrictions.84

The greatest gains in spreading the reach of pathology 
might be realised by improvement of services at regional 

and tertiary centres, and improvement of connectivity 
between the tertiary and first-level centres. Professional 
collaborations consisting of training support between 
areas with an excess of pathologists to areas with a deficit 
will be crucial to improving services at higher-level 
centres.85,133

Maintenance is imperative to address the common 
concerns of equipment failure. The availability of local 
service contracts should be a guiding principle during 
the procurement process. Corporate responsibility 
among manufacturers who sell to low-resource areas 
should include contracts that transcend the traditional, 
high-income standards of obsolescence. Reliable 
maintenance, however, cannot be sustained without 
programmes to increase capacity of biomedical 
equipment training (BMET).124,125 Corporate partnerships 
with academic institutions and local collaborators to 
establish BMET-certification programmes, like the 
General Electric Foundation’s programme described in 
the appendix (p 24), can be valuable to develop this cadre 
of workers.

WHO has outlined some general guidelines for the 
donation of equipment and supplies.81 Three points 
should be emphasised. First, donations should be 
demand-driven, directly related to the specific needs of 
the receiving institution. Second, donated equipment 
should be matched with a plan for long-term main-
tenance.125 If partners cannot provide the specified 
equipment with maintenance, they should instead 
consider contribution to infrastructural investments, 
maintenance contracts, or training. Finally, donation of 
consumables should be discouraged, as they complicate 
supply chain information flow and rarely provide 
long-lasting benefit to the receiving institution.134

Processes to improve care delivery 
Management practices and capacity are strong drivers of 
volume and quality in the high-income environment. 
Management might be even more important in settings 
in which maximal use of the few resources available is a 
practical necessity. Professional health-care management, 
consisting of either clinicians or non-clinicians with 
management training, is needed to focus on hospital 
performance, process optimisation, cost savings, and 
quality, and to provide administrative support.135 Hospital 
leadership should consist of clinical leaders and 
professional managers. These leaders should be enabled 
to develop autonomous strategies to meet performance 
and financial targets, create employee buy-in, and 
cultivate a shared sense of purpose in staff. Accountability 
is necessary and leadership should be enabled to define 
its own organisational structure, complete with the ability 
to recruit, promote, demote, or terminate employees on 
the basis of transparent criteria.

Health-care managers do not add value merely by 
reducing costs; hospital efficiency should not be 
mistaken as a singular aim. The greatest health and 

Panel 2: Ten needs for the provision of safe surgical and anaesthesia care 

1. Trained surgical provider
2. Trained anaesthesia provider
3. Infrastructure, equipment and supplies necessary to perform safe general anaesthesia, 

loco-regional anaesthesia, laparotomy, caesarean delivery, and treatment of open 
fracture (including, for example, electricity, water, personal protective equipment for 
staff, basic laboratories, and HIV-testing capabilities)

4. Decontamination and sterilisation capacity
5. Blood supply that is safe and affordable (screened and cross-matched blood)
6. Drugs, including antibiotics, pain medicines, and anaesthetics (from the WHO Model 

List of Essential Medicines)116 
7. Nursing care, which includes a record of appropriate physiological observations
8. 24 h surgical cover with the ability to review and respond to a deteriorating patient
9. Quality-improvement processes, including audit of perioperative mortality
10. Risk assessment and operation planning for planned procedures

Needs for Safe Surgical and Anesthesia Care
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health community.68 We outline the role of tertiary care 
structures and of leadership across the surgical system, 
focusing on the instruments and systems needed for the 
workforce to deliver care. We have queried hundreds of 
providers in resource-poor settings through in-person 
interviews and telephone conversations, a survey, and 
electronic correspondence (appendix pp 47–49). We also 
used the WHO Emergency and Essential Surgical Care 
Situational Analysis Tool (SAT) database, a collection of 
1357 facility surveys (as of April, 2014) from 54 countries 
collected since 2007 (appendix p 30). This section 
presents published work and previously unpublished 
data on present challenges and potential solutions for 
care provision in low-resource settings.

The present situation 
The Three Delays framework
The ability to receive surgical care when needed depends 
both on the accessibility of surgical facilities and the 
availability of surgical and anaesthetic providers to 
deliver that care. A woman who lives hours away from 
the nearest hospital probably does not have access to 
timely surgery and anaesthesia. A woman who lives just 
minutes away from a hospital that does not have enough 
surgeons and anaesthetists available to offer care also 
does not have access to surgery and anaesthesia. 
Accessibility and availability, then, are crucial concepts in 
low-resource settings and can be further interrogated 
under the lens of the Three Delays framework to explain 
the delay between symptom onset and receipt of 
appropriate care.68

The First Delay—the delay in seeking care—occurs 
when patients often wait to seek health care because of 
financial and geographic restrictions, cultural beliefs, 
poor education, a history of being disconnected from 
formal health systems, and low awareness of available 
services or low confidence in those services.69 Patients 
turn to informal providers (traditional healers) because 
they are accessible, trusted, and inexpensive.70 WHO 
reports that up to 80% of the population in low-resource 
settings relies on informal providers who are often poorly 
connected to the broader health system.71 This option can 
lead to further delay in surgical referral.

The Second Delay—the delay in reaching care—occurs 
when hospitals with surgical capacity are scarce, meaning 
the nearest facility can be hours to days away, depending 
on mode of transportation. Few patients have access to 
private vehicles, ambulance systems are rare, and public 
transportation is variable in availability.72 Poverty also 
plays a strong part, reducing the affordability of public 
transportation if any is available. We have analysed the 
distance to surgical and anaesthesia care using the WHO 
SAT database, and present the median distances patients 
travel to their nearest surgical facility in various income 
settings (figure 6). 

The Third Delay—the delay in receiving care—occurs 
when attendance at a hospital does not guarantee 
treatment, since few first-level hospitals can provide 
comprehensive emergent operative care. Data from the 
WHO SAT database show the proportion of first-level 
hospitals that could provide a caesarean delivery (64%), 
laparotomy (58%), and treatment for an open fracture 
(40%). Country-specific studies had similar findings 
(appendix p 50).

Reasons for delays in receiving care
Structural deficits trouble hospitals in low-resource 
settings. The WHO SAT database surveyed almost 
800 facilities in low-income countries to discover what 
proportion of them did not have reliable electricity (31%), 
running water (22%), oxygen (24%), a dedicated area for 
emergency care (31%), and provisions for postoperative 
care (47%; appendix p 30). Few facilities, especially rural 
ones, have access to a computer or the internet; this 
restriction furthers a sense of isolation and prevents 
access to up-to-date clinical and research resources.73 55% 
of district hospitals surveyed across eight African 
countries did not have an anaesthesia machine.74 About 
70% of operating rooms in parts of sub-Saharan Africa 
had no pulse oximeter.8 Of 28 district hospitals in Zambia, 
35% did not have a laryngoscope.75 A study in Nigeria 
reported that only 42% of district and 24% of regional 
hospitals had supplies to maintain a paediatric airway.76

Essential medications, supplies, and personal protective 
equipment are frequently out of stock.74,77 Stock-outs are 
often the result of insufficient funding and poor 

Figure 5: The surgical system
The surgical system is an interdependent network of individuals and institutions that reside within the health system.
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levels of care, including public, private, and NGO 
stakeholders.142 These committees should work to 
minimise or eliminate the cost of transfer to the patient.

Equipped with basic infrastructure and administrative 
and managerial support, first-level hospitals should aim 
to offer a broad range of surgical procedures. Consistent 
provision of planned surgery needs only a marginal 
increase in resources above those already in place for 
emergency care. In fact, provision of planned surgery 
can confer valuable benefits to the function of the 
surgical team, including morale, confidence, and 
efficiency; patients can be preselected, health status 
optimised, and teams can focus on timely starts and 
process checks.143

Ministries of health should ensure that planned 
surgical care is available at first-level hospitals, 
consistent with population needs. Ideally, these 
procedures can be stratified by volume and risk, and 
the initial focus can be on provision of high-volume, 
low-risk planned procedures at first-level hospitals, 
referring the rest to tertiary centres. In many instances, 
owing to resource constraints of the health system and 
of the patient, first-level providers do not have the 
option of referral to a higher-level centre, and should do 
their best to provide the necessary medical atten tion. 
Nonetheless, figure 8 outlines some common 
procedures stratified in a must do, should do, and can 
do framework for first-level care. The framework serves 
as an example, is not compre hensive, and should be 
adapted to different contexts according to relevant 
disease burden. NGOs and volunteer teams can be 
particularly useful in the provision of support for 
planned surgical care.

Outcomes and other opportunities
The ultimate goal is to build a strong, resilient surgical 
system that can provide consistent, high-quality care. 
Armed with adequate structures and improved 

processes, a great opportunity to improve outcomes in 
low-resource settings exists. As structural and functional 
capacity at first-level hospitals improves, higher-level 
hospitals can serve as hubs for education, research, and 
clinical support. Improved network connectivity between 
the tertiary hospital and its health system partners will 
allow for novel collaborations. As discussed, providers at 
first-level hospitals often feel isolated, and have 
few opportunities for interprofessional interaction. A 
system-wide morbidity and mortality conference, hosted 
by the tertiary centre over mobile link, for example, 
could connect staff at remote first-level hospitals into 
a forum for multilateral learning. A collaborative 
approach between a tertiary centre and rural hospitals 
has been fostered by the Christian Medical College in 
Vellore, India, which has a longstanding practice of 
encouraging its surgical graduates to practise in rural 
communities.144 These surgeons are paired with 
colleagues at the tertiary centre, who are available by 
phone to provide support for challenging cases or 
discuss the need for referral.

Higher-level centres can also serve as the clinical support 
hub for complex radiology, pathology, and services with 
needs unavailable at the first-level hospital. A reliable 
system to transfer films and pathology specimens and 
return diagnostic reports should be established.

Research is important to improve outcomes; 
adherence to protocols should be measured, metrics 
tracked, and adverse events openly reviewed.94 Much of 
this activity will hinge on having the staff and the tools 
for research, and although excellent clinical care can be 
provided in the absence of electronic medical records, 
context-appropriate information systems can enhance 
both data collection and process monitoring. Research 
collaborations between well resourced academic 
institutions with research skills and clinicians in 
low-resource settings with high clinical loads and 
important research questions can be a powerful aspect 
of global health partnerships.

Clinical conditions with management guidelines based 
on the high-income context present a challenge to 
clinicians in low-resource settings, who might feel 
vulnerable when resource constraints force clinical 
decisions that are different from contextually irrelevant, 
but published, protocols. Academic and professional 
entities within low-resource settings should take the lead 
in research and establishment of relevant clinical practice 
guidelines. The appendix lists some examples of 
protocols developed for use in low-resource settings 
(appendix p 24).

While surgical capacity is developed, local and 
international NGOs can play an important part in care 
delivery. When using a measured approach consistent 
with the local needs, culture, and context, NGOs can 
strengthen the system by assisting local clinicians to 
tackle the backlog of unmet need, integrating with 
local training programmes, and enhancing local 

Figure 8: Common surgical procedures stratified in a must do, should do, and can do framework for 
first-level care
This chart should be adapted to local context.
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