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Abstract

Introduction—Many low- and middle-income countries (LMICs) are ill equipped to care for the
large and growing burden of vascular conditions. We aimed to develop essential vascular care
recommendations that would be feasible for implementation at nearly every setting worldwide,
regardless of national income.

Methods—The normative Delphi method was used to achieve consensus on essential vascular
care resources among 27 experts in multiple areas of vascular care and public health, as well as
with experience in LMIC healthcare. Five anonymous, iterative rounds of survey with controlled
feedback and a statistical response were used to reach consensus on essential vascular care
resources.

Results—The matrices provide recommendations for 92 vascular care resources at each of the
four levels of care in most LMICs (i.e. primary health centers, and first-level, referral, and tertiary
hospitals). The recommendations include both essential and desirable resources and encompass
the following categories: screening, counseling, and evaluation; diagnostics; medical care; surgical
care; equipment and supplies; and medications.

Conclusion—The resources recommended have the potential to improve LMIC healthcare
systems’ ability to respond to the large and growing burden of vascular conditions. Many of these
resources can be provided with thoughtful planning and organization without significant increases
in cost. However, the resources must be incorporated into a framework that includes surveillance
of vascular conditions, monitoring and evaluation of vascular capacity and care, a well functioning
pre- and inter-hospital transport system, and vascular training for both existing and future
healthcare providers.
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Introduction

Methods

Rapid population aging and increased exposure to modern risk factors (e.g. tobacco smoke,
poor diet, sedentary lifestyles, road traffic) has created a large and increasing burden of non-
communicable diseases (NCD) in low- and middle-income countries (LMICs);12 7 out of 10
deaths in LMICs will be due to NCDs by 2020.34 In response, the World Health
Organization (WHO) has set a target to reduce NCD deaths in people aged less than 70 years
by 25% by 2025.5:6 While prevention, risk-factor reduction and a public health approach is
fundamental to reducing the global NCD burden, planning NCD-related healthcare capacity
improvements in LMICs is also important.”

Among NCDs, the increasing incidence of vascular conditions is particularly dramatically.2
Population-based studies in the Central African Republic and Republic of Congo reported
the prevalence of peripheral vascular disease (PVD; i.e. ankle-brachial index <0.9) to be
between 12 and 32% of older adults.8.? Studies from Ghana, South Africa, India, and
Ecuador support these findings.1%-13 The Global Burden of Disease 2010 study reported a
nearly two-fold increase in PVVD compared to the two previous decades; the rate of change
was higher in LMICs than in high-income countries.1* Further, PVD is no longer a disease
of the elderly, but now affects young adults, even in LMICs.1°

Despite this burden, many LMICs still perform more vascular procedures for injury than for
PVD. A tertiary center in Tanzania performed more than four times the number of
amputations for trauma than for PVD.16 Similar reports from Nigeria, Kenya, and Iran
suggest this is not an isolated pattern.17-1° Inopportunely, the growing burden of vascular
conditions falls on health systems that are not well equipped to provide essential trauma
care, manage challenging vascular problems, or care for the unique requirements of the
growing geriatric population.”-20.21 Sustaining these deficiencies is a lack of
recommendations for LMIC healthcare systems to follow regarding the essential functions
and resources for vascular care.

To address this gap, we aimed to develop recommendations for essential vascular care
functions and resources that would be feasible for implementation in nearly every setting
worldwide, regardless of national income. With sound planning and organization, the
recommendations might improve care for people at risk of or with a vascular condition in
LMICs, and prevent otherwise avertable death and disability.

Delphi method

We used normative Delphi methodology to develop consensus on recommendations for
essential vascular care functions and resources (i.e. knowledge, skills, equipment, and
supplies) in LMICs. The Delphi method is an iterative, anonymous, data-driven survey
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method that facilitates expert-group consensus building.22 The four defining characteristics
of the Delphi method were upheld throughout the process: anonymity; iteration; controlled
feedback; and statistical group response.23

Panelist selection

To ensure that the recommendations were both appropriate for low-resource contexts and
represented quality vascular care, we approached experts that met the following criteria:

. professionals in LMICs or professionals that have significant experience
working in LMICs (i.e. at least one cumulative year of work in a LMIC);
and

. expertise in an area relevant to vascular care.

The areas of expertise included public health, vascular surgery, trauma surgery, anesthesia,
primary care, cardiology, and cardiothoracic surgery. In total, 27 panelists took part in the
consensus building process. All communication was blinded.

Survey methods

Panelists participated in five survey rounds. For each round, responses to open-ended
questions regarding which resources to include or exclude, at what level of care, and why;,
were examined using a content analysis framework:24 qualitative responses were grouped
into categories based on codes that represented clustered responses; after, categories were
further refined into useful themes and described. Responses were triangulated between
panelists to evaluate the extent of theme convergence. Themes that emerged from the
panelist responses were described to panelists in the following round to allow consideration
before offering further recommendations.

In addition to open-ended questions, panelists were asked to rank proposed vascular care
resources on a scale from 0 (i.e. not essential, do not include in the recommendations) to 10
(i.e. absolutely essential, must include in the recommendations) until consensus was
achieved. Resources with a median rank <4 out of 10 were not included in subsequent
rounds. Target consensus was defined a priori as: a median rank of =8 for each proposed
resource on a scale from 0 to 10 and an average percent majority opinion (APMO) cut-off
rate of =0.8. The APMO cut-off rate is a consensus measure that is calculated by: adding
agreements and disagreements; dividing the sum by all responses; and multiplying the result
by 100%.23 Agreement was defined as a resource rank of >7; disagreement was defined as a
resource rank of <4.

After consensus on the resources to be included in the recommendations was achieved,
panelists assigned the level of care for which each resource should be “‘essential,” “‘desirable,
or ‘irrelevant.” This system was used based on the success of the WHO Guidelines for
Essential Trauma Care (GETC).2 As in the GETC, we defined:

. Essential resources as those that: should be assured at the stated level
regardless of national income; can be made available through better
organization and planning without necessarily increased expenditure; and
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add significant value that would increase the probability of a successful
outcome.

. Desirable resources are those that: increase the probability of a successful
outcome, but also add cost; desirable resources should be strongly
considered by healthcare systems with greater resources or larger burdens
of vascular disease.

. Irrelevant resources would not ordinarily be expected to be available at the
stated level. Panelists assigned a designation (e.g. essential, desirable,
irrelevant) to each resource at each level of care.

The resource designation with the greatest number of panelist assignments at each level of
care was used for the recommendations. Panelists were instructed to align the
recommendations with related WHO and The World Bank guideline documents (Best Buys,
Global Action Plan for the Prevention and Control of NCDs 2013-2020, Guidelines for
Essential Trauma Care), when appropriate, so that they fall within a coherent and externally
validated framework for health systems in LMICs.25-28 However, some resources were
considered to be particularly important for addressing the growing burden of vascular
conditions in LMICs; thus, these were included in the present recommendations.
SurveyMonkey (SurveyMonkey, USA) was used for data collection and Stata v13
(StataCorp, USA) was used for data analysis.

Survey rounds

The first three survey rounds were used to build consensus on which vascular care resources
were to be included in the recommendations. Additionally, panelists proposed resources to
be evaluated and offered comments on reasons that specific resources should be changed,
removed, or added in the subsequent rounds. Each round was left open for panelists’
responses for 3 weeks or until 23 of the 27 (85%) of panelists responded.

After each round, a summary of the comments was provided to the panelists so that they
could consider the others’ perspectives and ideas prior to the next ranking exercise. In the
second and third rounds, resources without consensus (i.e. rank >4 and <7 out of 10) and
newly proposed resources were re-ranked or ranked in light of the summary comments from
the previous round. Consensus on the resources to be included in the final recommendations
was achieved after third round.

Panelists’ assigned each resource a designation (i.e. essential, desirable, or irrelevant) at
each level of care in the fourth and fifth round. After the fourth round, a summary of
comments was again provided to the panelists so that they could consider others’
perspectives and ideas when assigning or critiquing designations in the final round.

Resource matrices

We used the resource matrix format used by the WHO, which is easily interpreted and has
been widely adopted.21:29-35 |n the matrices, resources are listed in the left-hand column,
The level of care for which the resource designation corresponds is represented horizontally:
primary health centers; first-level hospitals; referral hospitals; and tertiary hospitals. The
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resource designations are listed vertically: E — essential; D — desirable; and | — irrelevant.
Resources essential at one level are essential at all higher levels as well.

The nomenclature and capacity of these levels of care differ both between and within
LLMICs.3! For these recommendations, we used the definitions offered by the WHO and The
World Bank:25:28:36

i Primary health centers (PHCs) are located in communities countrywide,
even in rural areas. In urban areas they represent outpatient clinics. The
staffing of PHCs range from village health workers (i.e. no formal medical
education; typically with a few months of health-related training) to
general practitioners. PHCs are minimally equipped.

ii. First-level hospitals are typically staffed by general practitioners (GP).
These facilities may or may not provide surgical services, depending on
the skill of the GP and the available resources. Some first-level hospitals
are well-resourced and -functioning and perform the scope of first-level
essential surgical care (e.g. those with a skilled surgical care provider,
such as an experienced non-surgeon or a surgeon).3’

iii. Referral hospitals are usually staffed by at least one specialist provider
(e.g. internist; obstetric, general, and/or orthopedic surgeon). These
facilities almost uniformly provide some range of diagnostic and surgical
services.

iv. Tertiary hospitals generally offer a broader range of specialties (e.g.
cardiology, general surgery, orthopedic surgery). In addition, they have
more advanced laboratory and diagnostic imaging capacity.

It is important to note that many individuals in LMICs face extraordinary barriers to care
that prevent presentation or transfer to hospitals that are not in their community, regardless
of the risk for death or disability.38-40 Further, most LMICs lack a formal, efficient, and free
pre-hospital care and inter-hospital transfer system. The only care they might access,
regardless of the acuity of their condition, may be a proximate first-level hospital.

Consensus building amongst professionals met non-research criteria of the Stanford
University Institutional Review Board (IRB); thus, requirement for IRB approval was
waived.

The matrices provide recommendations for 92 vascular care resources. These are divided
into resources for: prevention, screening, counseling, and evaluation; diagnostics; medical
care; surgical care; equipment and supplies; and medications.
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Prevention, screening, counseling, and evaluation

Diagnostics

There was strong consensus regarding the importance of cardiovascular health promotion,
disease prevention, and risk factor identification. These capabilities are vital to population
health and are low-cost; thus, they are recommended for each level of care.6 These resources
include the capability to: provide screening and counseling for healthy dietary and exercise
habits; screen, counsel, and provide cessation opportunities for smokers; and recognize and
screen patients at high-risk for vascular conditions (Table ).

Additionally, early identification of patients at risk of deep vein thrombosis (e.g.
hospitalized, injured, and post-surgical patients), compartment syndrome, and blunt
cerebrovascular injury requires few resources but adds significant value to vascular care
(Table I). Blunt cerebrovascular injury should be assessed, at least clinically, at first-level
hospitals; higher levels of care should consider diagnostic imaging, if available.

Many LMICs have high rates of HIV infection. HIV-associated vascular disease and side-
effects of anti-retroviral therapy (e.g. metabolic syndrome) place an additional burden of
vascular conditions on populations who are not otherwise at high-risk of vascular disease.*
Active screening and counseling are important for at-risk patients. Given the decentralized
platforms of HIV care in LMICs, these capabilities are essential at all levels of care (Table

).

All levels of care should have protocols that direct timely triage and treatment or transfer of
patients with emergency conditions; these protocols should include emergency vascular
conditions (e.g., vascular injury, acute limb ischemia) (Table I). Further, facilities should
have a referral mechanism for patients with non-emergency vascular conditions who require
more advanced services.

As an extension to the vascular physical exam, the capability to perform and interpret an
ankle-brachial index is essential at the first-level hospital (Table II).

Many first-level and referral hospitals in LMICs do not have an ultrasound machine.*2
However, this technology is becoming available more commonly.2! Therefore, the capability
for first-level and referral hospital providers to use an ultrasound to diagnose deep venous
thrombosis is desirable (Table 11). Arterial duplex capabilities (including carotid duplex) are
beyond the scope of most first-level hospitals. The capability for clinicians and/or
technicians to perform and interpret these studies is essential at the tertiary level.

Glucose testing is essential at all levels of care (Table I1). Early identification and secondary
prevention of diabetes mellitus is vital to the prevention of vascular complications.*3
Hemoglobin determination and blood typing and crossmatching are essential at the first-
level hospital. Most other laboratory capabilities are desirable at this level, but essential at
the referral hospital level (e.g. chemistry, coagulation profile, blood and tissue culture). The
value added to humerous conditions by improving laboratory capabilities at the first-level
hospital should be considered if resources permit.*4
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Counseling, recognition of, and multi-drug therapy for patients at medium- to high-risk of
vascular disease is cost-effective and essential at the first-level hospital (e.g. aspirin,
calcium-channel or beta receptor blocker, angiotensin-converting-enzyme inhibitor, and a
statin) (Table 111).4°

The combination of an increasing prevalence of diabetes and vascular disease is causing an
epidemic of lower-extremity wounds.#3 Thus, non-operative wound care and appropriate
documentation over time, which is low-cost and requires minimal training, is essential for all
levels of care (Table I1I). Given its low-cost and proven effectiveness, physiotherapy for
cardiovascular health and/or claudication is essential at the first-level hospital. 46

Emergency conditions that can be treated effectively with low-cost resources should be
managed at the first-level hospital to avoid preventable death.3” Thus, blood transfusion
capability for the management of vascular injuries is essential at the first-level hospital

(Table I11).

Complete decongestive therapy for lymphedema is essential at the tertiary hospital level
(Table 3). However, in countries with endemic filariasis, this capability might be considered
essential at lower levels of care to complement more less intensive therapies.

Anti-coagulation therapy and a warfarin monitoring system are essential at the referral
hospital level (Table I1). First-level hospitals that care for a large number of patients in need
of anti- coagulation may consider making the requisite resources essential.

Surgical care

Basic interventions to control life-threatening hemorrhage, such as external direct pressure
and appropriate tourniquet application and time keeping, are essential at all levels of care
(Table 1V). It should be noted that pre-hospital tourniquet use in areas where delays to
surgical care are prevalent can save lives, but can also result in limb loss, untoward
consequences of prolonged limb ischemia, and death if inappropriately applied.*” These
potential problems may be less of a concern in hospitals that can quickly evaluate and
control bleeding after tourniquet application.® Nonetheless, tourniquet use in all settings
requires special training.4

More complex, life-saving surgical interventions (e.g. damage control shunting, fasciotomy,
damage control amputation, vascular repair) are essential at first-level hospitals given the
consequences of expected delays in transfer to higher levels of care in many LMICs.50
However, these procedures require moderate skill and should only be performed at well-
functioning hospitals with a surgeon or at least an experienced non-surgeon available. For
procedures that are beyond the scope of the first-level hospital, particularly those that are not
emergencies, patients should be referred to a skilled surgical care provider (e.g. peripheral
bypass, surgical management of venous insufficiency) and a facility capable of caring for the
complications that may be encountered.

J Vasc Surg. Author manuscript; available in PMC 2017 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Stewart et al.

Page 8

As with decongestive therapy, surgical management of lymphedema at the tertiary level is
essential in areas that continue to have endemic filariasis (Table 1V).5! Negative pressure
wound management provides significant benefits to patients with open wounds, particularly
when reconstructive options are not available.>? These systems can be improvised and made
low-cost.?3 Thus, they are essential at the referral hospital level, though could readily be
made essential at the first-level hospital if resources allowed.

Equipment and supplies

Medications

The recommendations for essential equipment and supplies follow the recommendations
above (Table V). Handheld Doppler devises are used in the maternity wards of many first-
level hospitals in LMICs; they are also essential for vascular examination at that level.

Fogarty balloons and synthetic graft material are expensive and require some degree of
vascular surgical training. The former is essential at tertiary level, given its broader benefits
to surgical care (e.g. biliary duct exploration); the latter is desirable and should only be made
available to providers trained in their use (Table V).

Similarly, advanced imaging equipment and supplies associated with angiography are
desirable at higher levels of care, but could be made available for use by skilled providers if
the need was present and resources allowed. However, a simplified angiography technique
using an X-ray machine at a first-level hospital has been described;>* the resources for this
technique might be considered desirable at a well-functioning first-level hospital with an
experienced surgical care provider.

The WHO offers model lists of essential medications, including those for the management of
hypertension, diabetes, and dyslipidemia.>® Thus, the current recommendations do not
include the numerous medications essential for cardiovascular care. However, several
vascular care medications are highlighted (Table V1). Aspirin and ivermectin in areas with
endemic filariasis are essential at the primary health center. Unfractionated heparin and/or
generic low-molecular weight heparin, protamine, vitamin K, and a statin are essential at the
first- level hospital. Warfarin should only be available to facilities capable of anticoagulation
monitoring.

Discussion

This study provides consensus recommendations on essential vascular care functions and
resources for LMIC healthcare systems. These recommendations might serve as useful
guidelines for planning and organizing vascular care in some LMICs, if resources permit.
LMICs that are currently struggling to meet the needs of health problems that comprise a
larger health burden than vascular conditions (e.g. malnutrition, non-vascular trauma, poor
maternal and child health) can use these recommendations while planning to prevent
vascular conditions and meet future vascular care needs. Before considering the fitness of
these recommendations, healthcare systems must assess the vascular care needs of their
population through population-based studies of vascular conditions and facility-based
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registries.13:56 Once the need to improve vascular care is established, these
recommendations can be considered.

It is important to note that these recommendations only consider the essential and desirable
inputs (i.e. structure) for vascular care. Inputs alone are insufficient for producing successful
outcomes.®’ Healthcare systems must create and sustain evidence-based processes that
improve vascular outcomes. These processes require ongoing monitoring, evaluation, and
feedback to ensure they are successful. Potential monitoring points include health service
delivery indicators (e.g. proportion of patients counseled regarding cardiovascular risk
factors), sentinel events (e.g. death due to lack of external hemorrhage control) and
meaningful outcomes (e. g. amputation rate among patients with lower extremity diabetic
foot lesion).

While much can be done to improve vascular care at first-level hospitals, LMIC healthcare
systems rely heavily on higher levels of care.?0 In such settings, ensuring that first-level
hospital providers can recognize a condition that requires more advanced care and stabilize
and transfer patients to a capable facility is imperative.®8 For example, patients with a major
vascular injury require triage, early diagnosis, temporary hemorrhage control, and transfer to
a hospital with a surgeon capable of performing vascular surgical techniques. To avert
preventable death and disability, healthcare systems must ensure that vascular conditions are
included in referral protocols, that efficient and safe inter-hospital transfer systems are in
place, and that vascular emergencies are covered by national health insurance schemes to
facilitate care.

Successful decentralized surgical care relies on the knowledge and skills of first-level
hospital providers and the resources afforded to them.%® These providers are often non-
surgeons or non-physicians with little to no vascular surgical training. While these providers
are valuable for patients with common conditions that require moderate skill to treat
effectively (e.g. amputation for lower extremity gangrene), they may be less valuable for
patients with complex surgical conditions, including those that require advanced vascular
surgery (e.g. late stage peripheral vascular disease). Thus, surgeons trained specifically in
vascular surgical techniques should be available in locations with the equipment and
supplies to provide this type of care. It has been well documented that regional vascular care
centers in high-income countries provide better outcomes than other hospitals given their
volume and specifically designed processes to care for patients with vascular conditions and
other co-morbidities.® It is worth evaluating similar models in LMICs to determine if
regionalized systems should be developed to improve outcomes given the differences in pre-
hospital care capacity and the quality of patient stabilization prior to and during inter-
hospital transfer between high-income countries and LMICs.

Lastly, technical, nursing, medical, and surgical education in LMICs has focused on training
providers to manage infectious diseases and ensure maternal and child health.61.62 Given the
increasing burdens of injury and vascular conditions, the education systems and task-sharing
programs must adapt their curriculum to the needs of the population.63-65 In addition,
continuing vascular care education of existing providers should be incorporated into
graduate and other levels of training modules.
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Conclusion

These recommendations have the potential to improve LMIC healthcare systems’ ability to
respond to the large and growing burden of vascular conditions. Many of these resources can
be provided with thoughtful planning and organization without significant increases in cost.
However, the resources must be incorporated into a system that includes surveillance of
vascular conditions, monitoring and evaluation of vascular capacity and care, a well
functioning pre- and inter-hospital care and transport system, and vascular training for both
existing and future healthcare workers.

Acknowledgments

This study was funded, in part, by grants R25-TW009345 and D43-TW007267 from the Fogarty International
Center, US National Institutes of Health. The content is solely the responsibility of the authors and does not
necessarily represent the official views of the National Institutes of Health.

References

1. Dominguez LJ, Galioto A, Ferlisi A, Pineo A, Putignano E, Belvedere M, et al. Ageing, lifestyle
modifications, and cardiovascular disease in developing countries. The journal of nutrition, health &
aging. 2006; 10:143-149.

2. Stewart B, Khanduri P, McCord C, Ohene-Yeboah M, Uranues S, Vega Rivera F, et al. Global
disease burden of conditions requiring emergency surgery. British Journal of Surgery. 2014; 101:¢9-
e22. [PubMed: 24272924]

3. Boutayeb A, Boutayeb S. The burden of non communicable diseases in developing countries.
International journal for equity in health. 2005; 4:2. [PubMed: 15651987]

4. GLOBOCAN. Estimated Cancer Incidence, Mortality and Prevalence Worldwide in 2012. 2012 at
http://globocan.iarc.fr/Pages/fact_sheets_cancer.aspx.

5. General Assembly resolution on prevention and control of non-communicable diseases (A/RES/
64/265). New York: United Nations; 2010.

6. Checkley W, Ghannem H, Irazola V, Kimaiyo S, Levitt NS, Miranda JJ, et al. Management of NCD
in low- and middle-income countries. Global heart. 2014; 9:431-443. [PubMed: 25592798]

7. Gyedu A, Stewart B, Nakua EK, Quansah R, Donkor P, Mock C, et al. Assessment of risk of
peripheral artery disease and of vascular care capacity in Ghana. British Journal of Surgery. 2015

8. Guerchet M, Aboyans V, Mbelesso P, Mouanga AM, Salazar J, Bandzouzi B, et al. Epidemiology of
peripheral artery disease in elder general population of two cities of Central Africa: Bangui and
Brazzaville. European journal of vascular and endovascular surgery : the official journal of the
European Society for Vascular Surgery. 2012; 44:164-169.

9. Desormais I, Aboyans V, Guerchet M, Ndamba-Bandzouzi B, Mbelesso P, Dantoine T, et al.
Prevalence of peripheral artery disease in the elderly population in urban and rural areas of Central
Africa: the EPIDEMCA study. Eur J Prev Cardiol. 2015; 22:1462-1472. [PubMed: 25376847]

10. Koopman JJ, van Bodegom D, Jukema JW, Westendorp RG. Risk of cardiovascular disease in a
traditional African population with a high infectious load: a population-based study. PloS one.
2012; 7:e46855. [PubMed: 23071653]

11. Kumar A, Mash B, Rupesinghe G. Peripheral arterial disease - high prevalence in rural black South
Africans. South African medical journal = Suid-Afrikaanse tydskrif vir geneeskunde. 2007;
97:285-288. [PubMed: 17446954]

12. Vaz NC, Ferreira A, Kulkarni M, Vaz FS, Pinto N. Prevalence of diabetic complications in rural
goa, India. Indian J Community Med. 2011; 36:283-286. [PubMed: 22279258]

13. Del Brutto OH, Sedler MJ, Mera RM, Castillo PR, Cusick EH, Gruen JA, et al. Prevalence,
correlates, and prognosis of peripheral artery disease in rural ecuador-rationale, protocol, and
phase I results of a population-based survey: an atahualpa project-ancillary study. International
journal of vascular medicine. 2014; 2014:643589. [PubMed: 25389500]

J Vasc Surg. Author manuscript; available in PMC 2017 December 01.


http://globocan.iarc.fr/Pages/fact_sheets_cancer.aspx

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Stewart et al.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Page 11

Fowkes FG, Rudan D, Rudan I, Aboyans V, Denenberg JO, McDermott MM, et al. Comparison of
global estimates of prevalence and risk factors for peripheral artery disease in 2000 and 2010: a
systematic review and analysis. Lancet. 2013; 382:1329-1340. [PubMed: 23915883]

Sampson UK, Fowkes FG, McDermott MM, Criqui MH, Aboyans V, Norman PE, et al. Global and
regional burden of death and disability from peripheral artery disease: 21 world regions, 1990 to
2010. Global heart. 2014; 9:145-158. e21. [PubMed: 25432124]

Chalya PL, Mabula JB, Dass RM, Ngayomela IH, Chandika AB, Mbelenge N, et al. Major limb
amputations: a tertiary hospital experience in northwestern Tanzania. Journal of orthopaedic
surgery and research. 2012; 7:18. [PubMed: 22578187]

Adeoye PO, Adebola SO, Adesiyun OA, Braimoh KT. Peripheral vascular surgical procedures in
llorin, Nigeria: indications and outcome. African health sciences. 2011; 11:433-437. [PubMed:
22275935]

Rouhani A, Mohajerzadeh S. An epidemiological and etiological report on lower extremity
amputation in northwest of iran. Arch Bone Jt Surg. 2013; 1:103-106. [PubMed: 25207299]
Ogeng'o JA, Obimbo MM, King'ori J. Pattern of limb amputation in a Kenyan rural hospital.
International orthopaedics. 2009; 33:1449-1453. [PubMed: 19475408]

Stewart BT, Wong E, Gupta S, Bastola S, Shrestha S, Kushner AL, et al. Surgical need in an ageing
population: a cluster-based household survey in Nepal. Lancet. 2015; 385:S5. Epub 2015 Apr 26.
Stewart BT, Quansah R, Gyedu A, Ankomah J, Donkor P, Mock C. Strategic Assessment of
Trauma Care Capacity in Ghana. World journal of surgery. 2015

Hsu C-C, Sandford BA. The Delphi Technique: Making Sense Of Consensus. Practical
Assessment, Research and Evaluation. 2007:12.

Gracht HAvd. Consensus measurement in Delphi studies: Review and implications for future
quality assurance. Technological Forecasting & Social Change. 2012; 79:1525-1536.

Bradley EH, Curry LA, Devers KJ. Qualitative data analysis for health services research:
developing taxonomy, themes, and theory. Health services research. 2007; 42:1758-1772.
[PubMed: 17286625]

Mock, C.; Lormand, J.; Goosen, J.; Joshipura, M.; Peden, M. Guidelines for essential trauma care.
Geneva: World Health Organization; 2004.

From Burden to “Best Buys”: Reducing the Economic Impact of Non-Communicable Diseases in
Low- and Middle-Income Countries. Geneva, Switzerland: World Health Organization; 2011.
Geneva, Switzerland: World Health Organization; 2013. Global Action Plan for the Prevention and
Control of NCDs 2013-2020.

Debas, HT.; Donkor, P.; Gawande, A.; Jamison, DT.; Kruk, ME.; Mock, CN. Essential Surgery. In:
Jamison, DT.; Nugent, R.; Gelband, H.; Horton, S.; Jha, P.; Laxminarayan, R., editors. Disease
Control Priorities. 3rd. Washington, D.C: International Bank for Reconstruction and
Development / The World Bank; 2015.

Ankomabh J, Stewart BT, Oppong-Nketia V, Koranteng A, Gyedu A, Quansah R, et al. Strategic
assessment of the availability of pediatric trauma care equipment, technology and supplies in
Ghana. Journal of pediatric surgery. 2015

Joshipura M. Guidelines for essential trauma care: progress in India. World journal of surgery.
2006; 30:930-933. [PubMed: 16736317]

Mock C, Nguyen S, Quansah R, Arreola-Risa C, Viradia R, Joshipura M. Evaluation of Trauma
Care capabilities in four countries using the WHO-IATSIC Guidelines for Essential Trauma Care.
World journal of surgery. 2006; 30:946-956. [PubMed: 16736320]

Shah MT, Bhattarai S, Lamichhane N, Joshi A, LaBarre P, Joshipura M, et al. Assessment of the
availability of technology for trauma care in Nepal. Injury. 2015; 46:1712-1719. [PubMed:
26140742]

Shah MT, Joshipura M, Singleton J, LaBarre P, Desai H, Sharma E, et al. Assessment of the
Auvailability of Technology for Trauma Care in India. World journal of surgery. 2014; 39:363-372.
Son NT, Mock C. Improvements in trauma care capabilities in Vietnam through use of the WHO-
IATSIC Guidelines for Essential Trauma Care. International Journal of Injury Control and Saftey
Promotion. 2006; 13:125-127.

J Vasc Surg. Author manuscript; available in PMC 2017 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Stewart et al.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Page 12

Son NT, Thu NH, Tu NT, Mock C. Assessment of the status of resources for essential trauma care
in Hanoi and Khanh Hoa, Vietnam. Injury. 2007; 38:1014-1022. [PubMed: 17659288]

WHO. Geneva, Switzerland: World Health Organization; 2003. Surgical Care at the District
Hospital.

Mock CN, Donkor P, Gawande A, Jamison DT, Kruk ME, Debas HT, et al. Essential surgery: key
messages from Disease Control Priorities, 3rd edition. Lancet. 2015

Stewart BT, Gyedu A, Abantanga F, Abdulai AR, Boakye G, Kushner A. Barriers to Essential
Surgical Care in Low- and Middle-Income Countries: A Pilot Study of a Comprehensive
Assessment Tool in Ghana. World journal of surgery. 2015

Irfan FB, Irfan BB, Spiegel DA. Barriers to accessing surgical care in Pakistan: healthcare barrier
model and quantitative systematic review. The Journal of surgical research. 2012; 176:84-94.
[PubMed: 22079839]

Grimes CE, Bowman KG, Dodgion CM, Lavy CB. Systematic review of barriers to surgical care in
low-income and middle-income countries. World journal of surgery. 2011; 35:941-950. [PubMed:
21360305]

Ntusi NB, Taylor D, Naidoo NG, Mendelson M. Progressive human immunodeficiency virus-
associated vasculopathy: time to revise antiretroviral therapy guidelines? Cardiovasc J Afr. 2011;
22:197-200. [PubMed: 21881685]

Sippel S, Muruganandan K, Levine A, Shah S. Review article: Use of ultrasound in the developing
world. International journal of emergency medicine. 2011; 4:72. [PubMed: 22152055]

Boulton AJ, Vileikyte L, Ragnarson-Tennvall G, Apelqvist J. The global burden of diabetic foot
disease. Lancet. 2005; 366:1719-1724. [PubMed: 16291066]

Olmsted SS, Moore M, Meili RC, Duber HC, Wasserman J, Sama P, et al. Strengthening laboratory
systems in resource-limited settings. American journal of clinical pathology. 2010; 134:374-380.
[PubMed: 20716792]

Gaziano TA, Opie LH, Weinstein MC. Cardiovascular disease prevention with a multidrug regimen
in the developing world: a cost-effectiveness analysis. Lancet. 2006; 368:679-686. [PubMed:
16920473]

Mays RJ, Regensteiner JG. Exercise therapy for claudication: latest advances. Curr Treat Options
Cardiovasc Med. 2013; 15:188-199. [PubMed: 23436041]

Giannou, C.; Bernes, E. First Aid in Armed Conflict and Other Situations of Violence. Geneva,
Switzerland: International Committee of the Red Cross; 2006.

Giannou, C.; Baldan, M.; Molde, A. War Surgery: working with limited resources in armed conflict
and other situations of violence. Geneva, Switzerland: International Committee of the Red Cross;
2010.

Kragh JF Jr, O'Neill ML, Walters TJ, Dubick MA, Baer DG, Wade CE, et al. The military
emergency tourniquet program'’s lessons learned with devices and designs. Mil Med. 2011;
176:1144-1152. [PubMed: 22128650]

Gyedu A, Baah EG, Boakye G, Ohene-Yeboah M, Otupiri E, Stewart BT. Quality of referrals for
elective surgery at a tertiary care hospital in a developing country: An opportunity for improving
timely access to and cost-effectiveness of surgical care. International journal of surgery. 2015;
15C:74-78.

Ramaiah KD, Ottesen EA. Progress and impact of 13 years of the global programme to eliminate
lymphatic filariasis on reducing the burden of filarial disease. PLoS neglected tropical diseases.
2014; 8:23319. [PubMed: 25412180]

Salahuddin O, Azhar M, Imtiaz A, Latif M. A developing world experience with distal foot
amputations for diabetic limb salvage. Diabet Foot Ankle. 2013:4.

Mody GN, Mutabazi V, Zurovcik DR, Bitega JP, Nsanzimana S, Harward SH, et al. Design,
testing, and scale-up of medical devices for global health: negative pressure wound therapy and
non-surgical male circumcision in Rwanda. Globalization and health. 2015; 11:20. [PubMed:
25963175]

Giannou, C.; Baldan, M. War Surgery: working with limited resources in armed conflict and other
situations of violence. Geneva, Switzerland: International Committee of the Red Cross; 2010.

J Vasc Surg. Author manuscript; available in PMC 2017 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Stewart et al.

Appendix

Page 13

55. Geneva, Switzerland: World Health Organization; 2015. WHO Model List of Essential
Medications, 19th List.

56. Agarwal AK, Singh M, Arya V, Garg U, Singh VP, Jain V. Prevalence of peripheral arterial disease
in type 2 diabetes mellitus and its correlation with coronary artery disease and its risk factors. The
Journal of the Association of Physicians of India. 2012; 60:28-32.

57. Moore L, Lavoie A, Sirois MJ, Swaine B, Murat V, Sage NL, et al. Evaluating trauma center
structural performance: The experience of a Canadian provincial trauma system. Journal of
emergencies, trauma, and shock. 2013; 6:3-10.

58. Khan S, Zafar H, Zafar SN, Haroon N. Inter-facility transfer of surgical emergencies in a
developing country: effects on management and surgical outcomes. World journal of surgery.
2014; 38:281-286. [PubMed: 24178181]

59. Stewart BT, Gyedu A, Quansah R, Addo WL, Afoko A, Agbenorku P, et al. District-level hospital
trauma care audit filters: Delphi technique for defining context-appropriate indicators for quality
improvement initiative evaluation in developing countries. Injury. 2015

60. Roche-Nagle G, Bachynski K, Nathens AB, Angoulvant D, Rubin BB. Regionalization of services
improves access to emergency vascular surgical care. Vascular. 2013; 21:69-74. [PubMed:
23508395]

61. Talwar K, Grover A, Thakur J. Role of medical education in preventing and control of
noncommunicable diseases in India? Indian J Community Med. 2011; 36:S63-S66. [PubMed:
22628914]

62. Gaziano, T.; Reddy, KS.; Paccaud, F.; Horton, S.; Chaturvedi, V. Cardiovascular Disease. In:
Jamison, D.; Breman, J.; Measham, A., editors. Disease Control Priorities in Developing Countries
2nd edition. Washington, DC: The World Bank; 2006.

63. Chirdan LB, Ameh EA, Abantanga FA, Sidler D, Elhalaby EA. Challenges of training and delivery
of pediatric surgical services in Africa. Journal of pediatric surgery. 2010; 45:610-618. [PubMed:
20223329]

64. Choo S, Perry H, Hesse AA, Abantanga F, Sory E, Osen H, et al. Surgical training and experience
of medical officers in Ghana's district hospitals. Academic medicine : journal of the Association of
American Medical Colleges. 2011; 86:529-533. [PubMed: 21346502]

65. Martel J, Oteng R, Mould-Millman NK, Bell SA, Zakariah A, Oduro G, et al. The development of
sustainable emergency care in ghana: physician, nursing and prehospital care training initiatives.
Journal of Emergency Medicine. 2014; 47:462-468. [PubMed: 25066956]

Essential Vascular Care Guidelines Study Group:
Barclay T Stewart, MD MscPH
Department of Surgery, University of Washington, Seattle, WA, USA,

School of Medical Sciences, Kwame Nkrumah University of Science and Technology,
Kumasi, Ghana;

Department of Interdisciplinary Health Sciences, Stellenbosch University, Cape Town, South
Africa

Adam Gyedu, MD MPH

Department of Surgery, School of Medical Sciences, Kwame Nkrumah University of
Science and Technology, Kumasi, Ghana;

Department of Surgery, Komfo Anokye Teaching Hospital, Kumasi, Ghana

J Vasc Surg. Author manuscript; available in PMC 2017 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Stewart et al.

Page 14

Phillip Alexander, MD

Department of Surgery, Lady Willingdon Hospital, Manali, HP, India

Forster Amponsah-Manu, MD

Department of Surgery, Eastern Regional Hospital, Koforidua, Ghana

Alan Dardik, MD PhD

Department of Surgery, Yale University, New Haven, CT, USA

Nii-Daako Darko, DO MBA

Department of Surgery, University of Pittsburg Medical Center, Altoona, PA, USA;
Equal Access Health, Altoona, PA, USA

Eric Elster, MD

Department of Surgery, Uniformed Services University, Bethesda, MD, USA
Christos Giannou, MB BCh MCh

International Health and Management of Health Crises, National and Kapodistrian
University, Athens, Greece

Mark J Harris, MBChB MPH

Department of Anesthesiology, University of Utah, Salt Lake City, UT, USA

Lily Johnston, MD MPH

Department of Surgery, University of Virginia, Charlottesville, VA, USA;

Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, USA

Scott Junkins, MD

Department of Anesthesiology, University of Utah, Salt Lake City, UT, USA

Collins Kokuro, MBChB

Department of Internal Medicine, Komfo Anokye Teaching Hospital, Kumasi, Ghana
David Kuwayama, MD MPA

Department of Surgery, Anschultz Medical Campus, University of Colorado, Aurora, CO,
USA

Wilfed Labi-Addo, MD

J Vasc Surg. Author manuscript; available in PMC 2017 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Stewart et al.

Page 15

Eastern Regional Health Directorate, Ghana Health Service, Koforidua, Ghana
Brijesh Mishra, MBChB

Department of Plastic Surgery, Reconstructive and Aesthetic Surgery, King Georges Medical
University, Lucknow, UP, India

Martin Morna, MD

Department of Surgery, University of Cape Coast, Cape Coast, Ghana

Victor Oppong-NKketia, Bsc

Department of Anesthesia, Komfo Anokye Teaching Hospital, Kumasi, Ghana
Sergelen Orgoi, PhD ScD

Department of Surgery, Mongolian National Medical University of Medical Sciences,
Ulaanbaatar, Mongolia

Elina Quiroga, MD
Department of Surgery, University of Washington, Seattle, WA, USA
Kyle Remick, MD

Combat Casualty Care Research Program, United States Army Medical Research and
Material Command, Fort Detrick, MD, USA

Nigel Tai, MBBS MS

Barts Health Major Trauma Centre, Royal London Hospital, London, UK

Martin Veller, MBBCh MMed

Faculty of Health Sciences, University of the Witwatersrand, Johannesburg, South Africa
Sherry M Wren, MD

Center for Global Health and Innovation, Stanford University, Palo Alto, CA, USA,
Department of Surgery, Palo Alto Veterans Affairs Health Care System, Palo Alto, CA, USA
Herve Yangi-Angate, MD

Department of Surgery, University of Bouake, Bouake, Cote d’Ivoire

Norman Rich, MD

Department of Surgery, Uniformed Services University, Bethesda, MD, USA

Charles Mock, MD PhD

J Vasc Surg. Author manuscript; available in PMC 2017 December 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Stewart et al.

Page 16
Harborview Injury Prevention & Research Center, Seattle, WA, USA,
Department of Surgery, University of Washington, Seattle, WA, USA,
Department of Global Health, University of Washington, Seattle, WA, USA
Adam L Kushner

Department of International Health, Johns Hopkins Bloomberg School of Public Health,
Baltimore, MD, USA;

Surgeons OverSeas (SOS), New York, NY, USA;

Department of Surgery, Columbia University, New York, NY, USA

J Vasc Surg. Author manuscript; available in PMC 2017 December 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Stewart et al.

Table |
Prevention, screening, counseling, and examination

Facility level
Screening, counseling and evaluation PH First- Referr Tertia

C level  al ry
Dietary screening and counseling E E E E
Exercise screening and counseling E E E E
Smoking screening and counseling E E E E
Smoking cessation opportunities E E E E
Blood pressure measurement E E E E
Recognize and screen patients at high-risk for vascular E E E E
disease
Take vascular history and physical exam E E E E
Prevent, recognize and evaluate diabetic foot lesion in a E E E E
diabetic
DVT risk-assessment and evaluation D E E E
Recognize and evaluate possible compartment syndrome  E E E E
Blunt cerebrovascular injury evaluation D E E E
HIV- and HAART-related vascular disease screening and E E E E
counseling *
Protocols for timely triage and treatment or transfer of E E E E

vascular conditions

Page 17

PHC — primary health center; DVT — deep vein thrombosis; HIV — human immunodeficiency virus; HAART — highly active anti-retroviral therapy;
PHC - outpatient clinics, staffed by non-physicians; First-level hospital — typically staffed by general practitioners, may or may not provide surgical

services; Referral hospital — typically staffed by specialists, usually including a general surgeon; Tertiary hospital — offer a wider range of

specialists, and laboratory and imaging capabilities; Resource designation at a particular level: E — essential; D — desirable; I — irrelevant (not
considered to be available at the particular level even with full resource availability);

*
Essential when the local epidemiology warrants.
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Diagnostics

Diagnostics

Table Il

Facility level

PH
c

First-
level

Referr
al

Tertia
ry

Ankle-brachial index

D

E

E

E

Exercise ankle-brachial index

D

E

Venous compression and duplex ultrasonography to
evaluate for DVT

D

O

m

Peripheral and central arterial duplex ultrasonography

Carotid duplex ultrasonography

Clinician interpretation of arterial duplex ultrasonography

Technician/radiologist interpretation of arterial duplex
ultrasonography

O|0C|O|0O

mimjm|m

Point-of-care and/or glucose testing

Hemoglobin

Complete blood count

Creatinine

Chemistry

Coagulation profile

Type and cross-match for blood and blood products

Lipid profile

Hemoglobin Alc

Syphilis assay for vasculitis/aortitis (e.g. VDRL)

mlo|lo|m|c|O|OC|O|m|m

Hypercoagulability evaluation (e.g. fibrinogen, factor
assays, etc.)

O|mjojlo|jmmim|m|m|mj|m

go|mimimjim|m|m|m|m|mj|m

Blood and/or tissue culture

m

m

Gram stain

E

E
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PHC — primary health center; DVT — deep vein thrombosis; PHC — outpatient clinics, staffed by non-physicians; First-level hospital — typically
staffed by general practitioners, may or may not provide surgical services; Referral hospital — typically staffed by specialists, usually including a
general surgeon; Tertiary hospital — offer a wider range of specialists, and laboratory and imaging capabilities; Resource designation at a particular

level: E — essential; D — desirable; | — irrelevant (i.e. resource not considered to be available at the particular level even with full resource

availability).
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Table Il
Medical care

Facility level
Medical care PH First- Referr Tertia

C level  al ry
Counseling and multi-drug therapy for patients at high-risk D E E E
of or with CVD
Non-operative lower extremity wound care and appropriate  E E E E
documentation
Ambulation, extremity elevation at rest and compression E E E E
therapy for DVT
Physiotherapy for vascular health and/or claudication E E E
Complete decongestive therapy for lymphedema D D E
Blood transfusion capabilities | E E E
Anti-coagulation therapy | D E E
Warfarin monitoring system | D E E

PHC — primary health center; CVD — cardiovascular disease; DVT — deep vein thrombosis; PHC — outpatient clinics, staffed by non-physicians;
First-level hospital — typically staffed by general practitioners, may or may not provide surgical services; Referral hospital — typically staffed by
specialists, usually including a general surgeon; Tertiary hospital — offer a wider range of specialists, and laboratory and imaging capabilities;

Resource designation at a particular level: E — essential; D — desirable; | —irrelevant (i.e. resource not considered to be available at the particular

level even with full resource availability).
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Table IV
Surgical care

Facility level
Surgical care PH First- Referr Tertia

C level  al ry
External hemorrhage control with direct pressure E E E E
Appropriate tourniquet application and time keeping E E E E
Vessel ligation | E E E
Vascular anastomosis I D E E
Damage control shunting * I E E E
Fasciotomy (all sites) * I E E E
Debridement of mangled extremity | E E E
Local debridement of ulcer D E E E
Exposure and operative management of peripheral vascular | E E E
Injuries *
Exposure and operative management of central vascular | D E E
injuries
Damage control amputation (e.g., Guillotine, through joint) | E E E
Digital amputation | E E E
Ray amputation | D E E
Trans-metatarsal amputation | D E E
Below-knee amputation * I E E E
Above-knee amputation ! E E E
Non-damage control upper-extremity amputation | D E E
Visceral or peripheral thromboembolectomy * I E E
Visceral or peripheral endarterectomy | | D E
Veein harvest and grafting ™ ! E E
Peripheral bypass | | D E
Carotid endarterectomy | | | E
Surgical management of varicose veins and chronic venous | | D E
insufficiency
Elective abdominal aortic aneurysm repair | | | D
Arteriovenous fistula or graft for vascular access | | D D
Peritoneal dialysis catheter placement | | D E
Staged subcutaneous excision underneath flaps | | D D
Subcutaneous excision and SSTG resurfacing for chronic | | D D
lymphedema
Central venous catheterization | D E E
Arterial pressure monitoring | | D D
Negative pressure wound management | D
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PHC - primary health center; SSTG - split-thickness skin graft; PHC — outpatient clinics, staffed by non-physicians; First-level hospital — typically
staffed by general practitioners, may or may not provide surgical services; Referral hospital — typically staffed by specialists, usually including a
general surgeon; Tertiary hospital — offer a wider range of specialists, and laboratory and imaging capabilities; Resource designation at a particular
level: E — essential; D — desirable; | — irrelevant (i.e. resource not considered to be available at the particular level even with full resource
availability);

*
Procedure requires moderate skill and should be considered essential only at well-functioning first-level hospitals (and higher levels) where a
surgeon or at least a very experienced non-surgeon is available.
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Table V
Equipment and supplies

Facility level
Equipment and supplies PH First- Referr Tertiar

C level  al y
Sphygmomanometer E E E E
Tourniquet E E E E
Hand-held Doppler | E E E
Fogarty balloons of standardized sizes (e.g. 3, 4 and 6) o E E E
Ultrasound with vascular probe and duplex capabilities | D D E
Basic synthetic graft selection | | D D
Advanced synthetic graft selection | | D E
Standardized minor vascular tray | E E E
Standardized major vascular tray | D E E
C-arm fluoroscopy | | D D
Angiography * ! D D D
Surgical loupes (simple, small magnification lens) | D D E
Polypropylene double-armed tapered suture (e.g. sizes 2- D E E

0-7-0)

Page 22

PHC - primary health center; outpatient clinics, staffed by non-physicians; First-level hospital — typically staffed by general practitioners, may or
may not provide surgical services; Referral hospital — typically staffed by specialists, usually including a general surgeon; Tertiary hospital — offer a
wider range of specialists, and laboratory and imaging capabilities; Resource designation at a particular level: E — essential; D — desirable; | —

irrelevant (i.e. resource not considered to be available at the particular level even with full resource availability).

*
Resource use requires moderate skill and should be considered essential only at well-functioning first-level hospitals (and higher levels) where a
surgeon or at least a very experienced non-surgeon is available.
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Table VI
Medications
Facility level

Medications PHC First-level Referral Tertiary
Aspirin E E E E
Unfractionated heparin | E E E
Low-molecular weight heparin | E E E
Protamine | E E E
Benzopyrones (e.g. coumarin) | | D E
Warfarin | D E E
Vitamin K | E E E
Statin D E E E
lvermectin E E E

Page 23

PHC — primary health center; outpatient clinics, staffed by non-physicians; First-level hospital — typically staffed by general practitioners, may or
may not provide surgical services; Referral hospital — typically staffed by specialists, usually including a general surgeon; Tertiary hospital — offer a
wider range of specialists, and laboratory and imaging capabilities; Resource designation at a particular level: E — essential; D — desirable; | -

irrelevant (i.e. resource not considered to be available at the particular level even with full resource availability);

*
Essential when the local epidemiology warrants.
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