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Abstract
Safe surgical care, including anesthesia, obstetrics, and trauma, is an essential com-
ponent of a functional health system, yet five billion people lack access to high-
quality, timely and affordable surgical care. As health decision makers are grappling 
with how to make appropriate investments for crisis readiness and resilience, invest-
ments in surgical care should be considered for their compounding benefits to meet 
a country’s diverse health goals. National Surgical, Obstetric, and Anesthesia Plans 
(NSOAPs) are developed through global partnerships and multi-stakeholder consen-
sus and provide a dynamic framework for surgical scale-up that also improves the 
resilience of the larger health system. Our paper applies principles from the litera-
ture on health system resilience to surgical systems and examines the unique capa-
bilities of the surgical workforce and infrastructure to be redeployed during times of 
crisis, using examples from the current pandemic.
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Key messages

• Investments in a country’s surgical infrastructure can not only improve access 
and the quality of surgical care but also the resilience of the larger health system.
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• Strengthening surgical capacity in LMICs, particularly through well-developed 
and financed NSOAPs, bridges gaps in surgical care while simultaneously offer-
ing adaptable infrastructure, equipment, and a skilled specialist workforce to 
respond to other health crises.

Background

Safe surgical care, including anesthesia, obstetrics, and trauma, is an essential com-
ponent of a functional health system, yet five billion people lack access to high-qual-
ity, timely, and affordable surgical care [1, 2]. With surgically treatable conditions 
comprising one third of the global burden of disease, investment in surgical systems 
strengthening is urgently needed to reduce preventable deaths, disabling morbid-
ity, and loss of economic productivity [1, 3]. Because member states of the World 
Health Organization (WHO) committed to the inclusion of emergency and essential 
surgical care in the WHO definition of universal health coverage (UHC) in 2015, 
many low- and low middle-income countries (LMICs) have developed National Sur-
gical, Obstetric, and Anesthesia Plans (NSOAPs) to engage critical stakeholders in 
the strategic allocation of resources and to identify opportunities to improve surgi-
cal access within their respective countries [4]. NSOAPs can serve as a dynamic 
framework to improve the stability of a health system overall [4]. Indeed, many of 
the necessary components of a strong surgical system parallel the needs required for 
a timely, robust response to other unexpected health threats, including pandemics. 
Surgical systems strengthening necessitates increasing the specialist workforce, sup-
ply chain, critical infrastructure, and existing triage systems. These systems are well 
positioned to reinvent themselves for other uses. As countries work to strengthen 
their health systems for crisis readiness and resilience, investments for surgery are 
likely to have compounding benefits to meet countries’ other health goals.

Resilience as a component of health system strengthening

The concept of resilience is often referenced in context to health systems strengthen-
ing [5–7]. Resilience addresses the ability of a national health system to react and 
adapt under changing circumstances [8]. These include not only ‘shocks’ like pan-
demics, natural disasters, and political upheaval but also gradual shifts in epidemio-
logical, socioeconomic, and environmental factors that affect health. While there are 
various definitions and theories of resilience [5, 7–10], these interpretations share 
an understanding that a health system’s resilience is the responsibility of national 
governments and it relates to a combination of multisectoral institutions, societal 
preconditions, and adaptable capacity designed for both current and potential needs 
within a specific country. Resilient health systems also share certain traits. Pulling 
from multidisciplinary literature on resilience, Kruk et  al. characterized resilient 
health systems as integrated, diverse, aware, self-regulated, and adaptive [8].

While health system resilience is infrequently discussed outside of health cri-
ses, it has implications for both routine care and unexpected health threats. A 
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prerequisite of a health system’s resilience is its ability to provide comprehensive 
care during ‘normal times’ when there is no perceived crisis [7]. The 2014 Ebola 
outbreaks in Guinea, Liberia, and Sierra Leone resulted in disproportionately high 
health and economic impacts, largely because these countries had gaps in routine 
care and lacked resilience mechanisms, such as surveillance and strong information 
and communication systems [11]. In the first few days following the 2015 earth-
quake in Nepal, patients requiring surgery were entirely reliant on the limited capac-
ity and services of a single local hospital, resulting in calls for integrated disaster 
preparedness and surgical development frameworks [12]. Similarly, the impact of 
the ongoing COVID-19 pandemic on health systems in low- and middle-income 
countries (LMICs) halts progress on strengthening surgical systems in countries 
that were previously struggling to provide surgical care for everyone who needed it. 
Unlike high-income countries (HICs) where capacity is high and elective surgeries 
comprise a large proportion of total surgical volume, many LMICs lack the flexible 
hospital ‘surge’ capacity for pandemic response made available by canceling non-
emergent surgery [13].

Surgical systems planning as a framework for resilience 
implementation

Theory on resilience provides limited guidance on its implementation. A 2019 liter-
ature review found an abundance of “high-level attributes” but no identifiable imple-
mentation framework for health systems resilience [14]. There is clearly a need for 
specific direction on the infrastructure and capabilities necessary for health systems 
that are resilient in both every day and unexpected care situations. A surgical sys-
tems development framework may be useful in working to strengthen a health sys-
tem and build resilience. As described by the Lancet Commission on Global Surgery 
in 2015, surgery is a “treatment modality” rather than a “discrete disease category” 
[1]. Due to their complex and multidisciplinary needs, surgical systems overlap with 
nearly all specialties and an array of medical conditions; thus, their development 
supports the development of the health system overall (Fig. 1). For example, strong 
surgical systems support the triage, referral, and health service delivery for non-sur-
gical care including obstetrics, oncology, trauma, critical care, and many more spe-
cialties. Furthermore, comprehensive surgical systems display many of the attributes 
of resilience. Applying Kruk’s characteristics of resilience, they are vertically and 
horizontally integrated across medical issues, health system tiers, and sectors of the 
economy; they address a diverse range of health issues and involve a diverse work-
force of providers and technicians; they require a high-level awareness of capacity 
to address shifting patient and population needs; they have built-in mechanisms for 
self-regulation, such as for referrals or transfers for specialty care; and they are adap-
tive to both surgical and emergent, non-surgical services.

An NSOAP, one of the most widely used surgical system implementation frame-
works, provides a detailed road map for designing and executing many of the system 
components that foster resilience. It is a dynamic, strategic plan for the processes, 
timeline, budget, and metrics involved in surgical scale-up [15]. The development 
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of an NSOAP also involves consensus-building among stakeholders at the local, 
regional, and national levels to prioritize and integrate surgical, obstetric, and anes-
thesia care within national health plans and the country context [4]. These stakehold-
ers are responsible for technical and financial inputs, as well as the implementation, 
evaluation, and refinement of the strategy [15]. Not unique to NSOAP development, 
however, whenever there is an ambitious agenda and limited resources, the politi-
cal context can complicate discussions on governance and prioritization of goals. 
Nevertheless, the NSOAP is a useful tool for involving all critical stakeholders in 
developing consensus, to evaluate the effectiveness of implementation, and to 
exploit opportunities to meet both the needs of surgical systems and of other over-
lapping health priorities [15]. Ultimately, the complexity and needs of surgical sys-
tems necessitate explicit implementation plans for infrastructure, workforce, service 
delivery, financing, and information systems. Given their resilient characteristics and 
broad foundation of health system components, surgical systems can, thus, serve as 
a representative measure of overall health system functional and adaptable capacity.

Resilient surgical system components adapted for pandemic 
readiness

A surgical system that provides safe, timely, and affordable care necessitates an 
integrated foundation of infrastructure, supply chains, and providers beyond just the 
surgical team. For example, personal protective equipment (PPE) and sterilization 
techniques used in surgery are also necessary for providing care to patients on a 
medical ward and for sterilizing equipment needed to perform bedside procedures 
or intubate a critical patient in the intensive care unit (ICU). Oxygen and ventilators 
are crucial not only in providing anesthesia care but also in caring for patients with 

Fig. 1  Surgical systems that are able to deliver safe, affordable, and timely surgical, obstetric, and anes-
thesia care rely on foundational support from components of a comprehensive health care system that 
provides crucial, non-surgical care. Thus, a strong surgical system is often an indicator of a strong overall 
health system
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infectious diseases, heart failure, and chronic lung disease. Anesthesia ventilators 
have been adapted for COVID-19 treatment [16]. The medications required for safe 
anesthesia are also used for patients critically ill from other medical causes. Surgi-
cal care requires multidisciplinary expertise, including skilled nursing, critical care 
specialists, biomedical engineers, rehabilitation therapists, and more, all of whom 
are vital in other aspects of medical care too. The care of trauma patients, often led 
by surgeons or emergency specialists, requires robust triage and timely mobilization 
of resources for acute injuries; likewise, the trauma workforce and infrastructure are 
well positioned to respond to other health crises. Many surgical patients also require 
elective referrals or emergent transfers to higher-level centers of care, relying on a 
strong network of hospital triage and communication platforms that are beneficial 
for other medical issues too. Although there are many other examples, it is clear that 
targeted investment in surgical system strengthening provides dividends for an entire 
health system.

The Lancet Commission on Global Surgery highlighted the dire need to increase 
the global surgical workforce, especially in LMICs where many patients experience 
long waits and face catastrophic expenses to undergo surgery [1]. With 28.4 mil-
lion non-emergent surgical operations postponed due to COVID-19 (during the ini-
tial 12 weeks of the pandemic starting in 2019) [17], surgeons, anesthetists, nurses, 
biomedical technicians, and other operating room staff in HICs were able to be 
remobilized to assist in the triage and care of COVID-19 patients. For example, the 
Department of Surgery at the University of Wisconsin School of Medicine restruc-
tured its entire surgical service into small teams that could easily serve alongside a 
critical care physician [18]. The adaptability of surgical providers, seen around the 
world, displays the diversity in care this highly trained workforce can provide, both 
in tandem with critical care physicians and independently [19, 20]. Anesthesiolo-
gists also have unmatched experience in the effective intubation of patients, a proce-
dure that places providers at the highest risk in an aerosolized infectious disease, and 
extensive training in critical care [18, 21]. For these providers to be redistributed in 
response to emerging health threats, however, they must already be integrated into 
the health system. NSOAPs address the necessary investments in training and reten-
tion of surgical providers and, thus, should increase the surgical workforce to pro-
vide not only routine surgical care, but also to respond to other crises as needed.

It is well known that many LMICs lack sufficient ICU bed capacity [22], but 
even in countries with a high volume of ICU beds, many hospitals have reached 
full capacity during the COVID-19 pandemic and have had to develop creative solu-
tions to meet the demand for care. For example, in just three days, some hospitals 
increased their ICU bed capacity by 52% through retroverting existing operating 
rooms (ORs) or post-anesthesia care units (PACUs) into additional critical care 
beds [23]. However, some ORs lacked the appropriate infrastructure, such as water 
lines or piped oxygen, to allow conversion to ICU beds, highlighting the importance 
of designing flexible infrastructure [23]. Many LMICs experience gaps in criti-
cal care due to the high maintenance costs associated with ventilators [24]. Newly 
established guidelines to use anesthesia carts as long-term ventilators allows a more 
affordable solution for health systems to efficiently expand their critical care capac-
ity [16]. By incorporating the infrastructure and equipment needed for surgical care 
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with adaptation plans in the event of emerging health threats, NSOAPs present a 
strong investment case for overall health system strengthening for both surgical and 
non-surgical care.

Surgical system compatibility with public health

Even the strongest surgical systems do not replace the need for public health inter-
vention and surveillance strategies. True pandemic and disaster preparedness incor-
porates preventative and reactionary capacity that work harmoniously. Where many 
LMICs have excelled to-date in limiting transmission of the coronavirus [25, 26], 
some HICs have been unable to control the pandemic due to inadequate surveil-
lance, poor community ‘buy-in,’ or fragmented governance. At the same time, HICs 
with robust surgical and health infrastructure have managed to care for an onslaught 
of critically ill patients, yet many LMICs are not yet capable of an effective response 
to this vigorous surge capacity. With the uncertainty of future pandemics and the 
evolution of emerging pathogens, no one can guarantee that a strong public health 
surveillance system will be enough. Also, one successful country’s approach is not 
necessarily applicable to all countries. The NSOAP, as a dynamic—and country-
specific—strategic framework to strengthen a country’s surgical system, can be a 
tool for developing context-specific response plans to future pandemics and other 
emerging health threats. Strengthening surgical capacity in LMICs, particularly 
through well-developed and financed NSOAPs, bridges gaps in surgical care while 
simultaneously offering adaptable infrastructure, equipment, and a skilled specialist 
workforce to respond to other health crises.

Conclusion

Investment in surgical system strengthening can lead to increased resilience of the 
health system overall. The essential elements include enhanced capacity to adap-
tively respond to emerging crises, improved global economic productivity with 
decreased morbidity and mortality from surgically treatable diseases, and increased 
care for the five billion people lacking surgical care worldwide [1]. A surgical sys-
tems framework, such as NSOAPs, can serve as a tool to improve a health system’s 
functionality in both routine and crisis care. Investment in surgical system strength-
ening is uniquely tied to pandemic and other health threat responses, as surgical sys-
tems effectively serve as resilient capacity.

In the midst of a global pandemic, it is important to recognize that health systems 
are interconnected and that the strength of one country’s health system impacts the 
health of other countries around the world. Therefore, the need for resilient health 
systems globally is apparent, urgent, and also necessary. Global surgery can serve 
as a pillar of pandemic preparedness and empower both LMIC and HICs to quickly 
adapt and respond to emerging health crises.
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