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Vascular Surgery in Low-Income and
Middle-Income Countries: A State-of-the-Art
Review

Nissma Bencheikh,'! Sina Zarrintan,! Jon G. Quatramoni,” Omar Al-Nouri,'
Mahmoud Malas," and Ann C. Gaﬁ‘ey,’ San Diego, CA, and Cleveland, OH

Background: Cardiovascular disease (CVD) represents 32% of all global deaths. Studies have
shown an increase in CVD prevalence and mortality with the most substantial increase in low-
income and middle-income countries (LMICs). Within LMICs, we sought to 1) measure the
burden of CVD with respect to aortic aneurysm (AA), ischemic stroke (IS), and peripheral arterial
disease (PAD); 2) quantify surgical access to vascular surgery services; and 3) identify chal-
lenges and solutions to addressing disparities.

Methods: The Institute for Health Metrics and Evaluation Global Burden of Disease Results
Tool was used to assess the global burden of CVD (AA, PAD, IS). Population data were
extracted from the World Bank & Workforce data. A literature review was completed through
PubMed.

Results: The number of deaths attributable to AA, PAD, and IS in LMICs increased by up to
102% between 1990 and 2019. Disability-adjusted life-years (DALYs) lost to AA, PAD, and IS
in LMICs also increased by up to 67%. High-income countries (HIC) had a less considerable in-
crease in deaths and DALY during this time period. There are 101 and 72.7 vascular surgeons
per 10 million people in the United States and United Kingdom, respectively. LMICs, such as
Morocco, Iran, and South Africa have 10 times less this number. Ethiopia has 0.25 vascular sur-
geons per 10 million people, 400 times less than the United States. Interventions addressing
these global disparities should address infrastructure and financing, data collection and sharing,
patient knowledge and beliefs, and workforce development.

Conclusions: Extreme regional discrepancies are evidence at a global scale. Identifying mech-
anisms to expand the vascular surgical workforce to meet the increasing need for vascular sur-

gical access is imminent.
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INTRODUCTION

Vascular surgery, whose practitioners are known as
the firefighters of the operating room,' has become
increasingly complex with the endovascular revolu-
tion and expensive with the introduction of custom
devices. While the practice of vascular surgery in the
global north continues to advance—integrating
technological and pharmaceutical innovations on a
greater scale,” * demand for vascular surgeons in
the global south remains partly met by physicians
specialized in disciplines other than vascular surgery
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or unmet altogether.”® An analysis of the World

Bank and World Health Organization (WHO) popu-
lation and workforce data revealed a profound
dearth of surgeons serving populations in Africa,
Southeast Asia, the Eastern Mediterranean region,
as well as the Western Pacific regions.” Each of these
regions was found to have less than 3 vascular sur-
geons per 10 million people; at least 5 times less
than the number of vascular surgeons per 10 million
people in the Americas and Europe.’

While this chasm in supply continues to widen,
demand continues to rise. Peripheral arterial disease
(PAD), and other conditions that vascular surgeons
are uniquely equipped to treat (e.g., carotid and
aortic disease), continue to increase globally. How-
ever, this increase is uneven, with low-income and
middle-income countries (LMICs) disproportion-
ately affected. Previous studies have shown LMICs
to be experiencing a greater increase in prevalence
of PAD, aortic aneurysm (AA), and ischemic stroke
(IS) compared to high-income countries (HIC).* '?
Prevalence of PAD has increased by 29% in LMICs
compared to 13% in HIC over the same time
period.® AA and IS have even declined in HIC while
simultaneously  increasing  dramatically in
LMICs.”'” Though advances have been made in
reducing mortality caused by cardiovascular disease
(CVD), this reduction is limited to HIC and some
middle income countries; the remaining LMICs
seeing no change or, in some cases, an increase in
mortality.'""'? It is evident that the global need for
vascular surgeons has not been adequately met
despite the World Health Assembly’s adoption of
WHAG68.15 in 2015, designating access to surgical
care a component of universal health coverage.'’

In light of these trends, it is imperative to quantify
both the global burden of vascular disease as well as
access to vascular surgeons in LMICs to propose and
implement appropriate solutions to any identified
disparities. In this study, we sought to 1) measure
the burden of CVD with respect to AA, IS and
PAD; 2) quantify surgical access to vascular surgery
services; and (3) identify challenges and solutions to
addressing these disparities.

METHODS
Assessing Global Burden of Disease

The Institute for Health Metrics and Evaluation
(IHME) Global Burden of Disease Results Tool'* was
utilized to assess the global burden of 3 cardiovascular
diseases: AA, IS, and PAD. These diseases served as a
proxy for measurements regarding vascular disease.
The IHME utilizes secondary data collected by
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thousands of scientists, government officials, and
medical professionals as well as primary data collected
in a 6-step process.'” It is a trusted resource, previ-
ously utilized by dozens of studies.'® The global
burden of disease was assessed in terms of disability
adjusted life-years (DALYs) and deaths. DALYs are a
calculation of the years of healthy life lost due to pre-
mature mortality or disability. One DALY is equiva-
lent to 1 year of healthy life lost. The mortality and
morbidity of these cardiovascular diseases is summa-
rized in Table I. Also included in Table I are communi-
cable and noncommunicable diseases often prioritized
in global health discourse and action including road
injuries, tuberculosis, malaria, and HIV/AIDS.

Population data from 2019 were extracted from
the World Bank.'” Published literature, the Society
for Vascular Surgery,'® and the Cardiothoracic Sur-
gery Network'’ database were accessed to extract
the number of vascular surgeons. These data were
utilized to calculate the number of vascular sur-
geons per 10 million people.

Literature Review

A thorough literature review was conducted by
searching the PubMed database. Combinations of
keywords relating to vascular surgery, global health,
and low-income and middle-income countries were
utilized to compile relevant published literature.
Identified publications were then categorized ac-
cording to their main subject under the following
headings: global initiatives, delivery of care, infra-
structure and financing, workforce development,
and data collection and sharing.

RESULTS
Global Burden of Disease

Noncommunicable diseases account for 41% of pre-
mature deaths globally, with 86% of these deaths
occurring in LMICs.”” Moreover, cardiovascular dis-
eases, many of which can be intervened upon by
vascular surgeons, remain a leading cause of death
globally, accounting for as much as one-third of
global deaths.'” Data collected in 2019 by the
IHME were utilized to quantify the global burden
of disease with regards to aortic aneurysm, IS, and
PAD. These diseases served as a rough estimation
of vascular disease burden.

Aortic aneurysms were found to account for
0.3% of global deaths and 0.1% of global DALYs.
IS and PAD accounted for 5.8% and 0.1% of deaths
and 2.5% and 0.1% of DALYs, respectively.
Together, these 3 diseases outweigh the proportion
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Table I. Global burden of disease in 2019
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Deaths Disability adjusted life-years
Proportion of Proportion of
Cause Number total (%) Number total (%)
All causes 56,526,959 100 2,538,020,070 100
Aortic Aneurysms 172,427 0.31 3,322,343 0.13
Ischemic Stroke 3,293,397 5.83 63,478,271 2.50
Peripheral arterial 74,062 0.13 1,536,380 0.06

disease

of deaths and DALYs due to HIV/AIDS and malaria,
both of which make up a large percentage of
ongoing global health efforts.”’ These findings are
summarized in Table I.

The global burden of disease was further broken
down according to World Bank-defined income
levels. In upper middle-income countries, AA, IS,
and PAD were the cause of 9.1% of deaths and
4.6% of DALYs. In lower middle-income countries,
these 3 diseases accounted for 4.3% of deaths and
1.7% of DALYs. In low-income countries, AA, IS,
and PAD accounted for 2.2% of deaths and 0.8%
of DALYs. These findings are summarized in Tables
II-IV. Finally, AA, IS, and PAD were the cause of
6.6% of deaths and 3.1% of DALYs in high-
income countries. As such, the burden of disease
due to these diseases is far greater in LMICs when
compared to HICs, with the greatest burden found
in upper-middle—income countries. A comparison
of the burden of disease due to AA, IS, and PAD in
terms of death or DALYs per 10,000 population in
upper-middle, lower-middle, and low-income
countries is found in Figures 1 and 2, with a statisti-
cal analysis of these differences found in Table V.

Trends in the global burden of disease attribut-
able to IS, AA, and PAD between 1990 and 2019
were also analyzed using the number of deaths
and DALYs per 100,000 people. During this time
period, the rate of DALYs due to IS decreased by
31% in HIC. This is in contrast to the 39% and
21% increase seen in upper middle and lower
middle-income countries, respectively. The rate of
deaths due to IS in low-income countries remained
stable. Figure 3 shows these findings. With regards
to deaths attributable to IS, there was a 28%
decrease in high-income countries from 1990 to
2019. Conversely, deaths attributable to IS
increased by 49% and 27% in upper-middle and
lower-middle—income countries, respectively.
Low-income countries remained stable. These find-
ings are illustrated in Figure 4.

The number of deaths per 100,000 people due to
AA from 1990 to 2019 increased by 100% and 60 %

in-upper middle and lower income countries,
respectively, while increasing by 16% in high-
income countries. The rate of deaths due to AAs
decreased by 20% in low-income countries. These
findings are summarized in Figure 5. Similar trends
were found when considering the rate of DALYs
attributable to AA. Upper-middle and lower-mid-
dle—income countries saw a 63 % and 47 % increase,
respectively. High-income countries remained sta-
ble while low-income countries saw a modest
decrease. Figure 6 shows these findings.

Finally, the rates of deaths and DALYs due to PAD
were analyzed. The rate of deaths due to PAD
increased by 102% and 98% from 1990 to 2019 in
upper middle and high-income countries, respec-
tively. Lower middle income countries saw an in-
crease of 60% while low-income countries had an
increase of 28%. In terms of the rate of DALYs
attributable to PAD, a 44% increase was noted in
high-income countries. In upper middle and lower
middle income countries, this rate increased by
67% and 60%, respectively. Low-income countries
had a 14% increase in the rate of DALYs due to PAD.
Findings regarding deaths and DALYs attributable to
PAD are summarized in Figures 7 and 8. Previous
studies utilizing similar data from the THME Global
Burden of Disease Results Tool affirm an increase
in PAD disease burden across most sociodemo-
graphic index (SDI) or income levels and predict a
continued increase through 2030, with the greatest
rate of increase seen in low SDI regions.”***

Global Access to Vascular Surgery

The second objective of this endeavor was to quan-
tify global access to vascular surgery services. This
access was quantified as the number of vascular sur-
geons per 10 million people. In the United States,
there are approximately 101 vascular surgeons per
10 million people. The number in the United
Kingdom is, similarly, 72.7 per 10 million people.
This is in stark difference to the access to vascular
surgery services found in LMICs.
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Table II. Burden of disease in upper-middle—income countries

Deaths Disability adjusted life-years
Proportion of Proportion of
Cause Number total (%) Number total (%)
All causes 19,497,458 100 752,459,847 100
Aortic Aneurysms 54,500 0.28 1,177,024 0.16
Ischemic Stroke 1,708,178 8.76 33,246,046 4.43
Peripheral arterial 19,957 0.10 526,001 0.07

disease

Table III. Burden of disease in lower-middle—income countries

Deaths Disability adjusted life-years
Proportion of Proportion of
Cause Number total (%) Number total (%)
All causes 21,216,710 100 1,104,515,873 100
Aortic Aneurysms 34,943 0.16 794,568 0.07
Ischemic Stroke 888,453 4.19 18,608,312 1.69
Peripheral arterial 7,765 0.04 246,933 0.02

disease

In Morocco and South Africa, there are 13.2°*
and 10.8” vascular surgeons per 10 million, respec-
tively—a 10th of the access found in the United
States. In Iran, this number further decreases to
10.%° Finally, in Ethiopia, access to vascular surgery
services is most restricted with 0.25 vascular sur-
geons per 10 million people,”” 400 times less than
in the United States. Though access to vascular sur-
gery services can and should be increased globally as
evident by work by the Society of Vascular Surgery
(SVS) and Association of Program Directors in
Vascular Surgery (APDVS), the vast difference be-
tween HICs and LMICs suggests a dire need to
address this disparity in areas with the least access.

DISCUSSION

Challenges and Solutions to Addressing
Disparities

Vascular surgery, despite being a relatively new
specialty, has enjoyed progressive worldwide
acceptance and exponential growth. Access to
vascular surgeon services, however, remains
limited. A thorough PubMed literature review has
allowed identification of several barriers to
increasing this access. These barriers present a
valuable opportunity for intervention. They have
been organized thematically, according to the
following themes: infrastructure and financing,
data collection and sharing, knowledge and beliefs,
and workforce development.

Infrastructure and Financing

A primary barrier to increasing access to surgery ser-
vices in LMICs is the lack of suitable infrastructure.
More specifically, a lack of sufficient operating the-
aters, frequent power outages, and inadequate sur-
gical equipment and supplies’®”’ prevent
widespread access to surgical services. Despite being
assessed with regards to surgical access in general,
these limitations extend to vascular surgery.’’ *?
Addressing these barriers is further hindered due
to a lack of financing, with cost often cited as a factor
of this limitation’*”* Improving access to vascular
surgery in LMICs can, in part, be accomplished by
increasing surgical infrastructure through increased
and sustainable financing. Providing vascular care,
even in centers with access to operating theaters,
is challenging due to the lack of access to computed
tomography angiography, angiography suit, reliable
electricity, and endovascular devices.’” > *°

When surgical services are available, however, a
barrage of patient-centered cost and infrastructure
barriers still remain. Previous studies have shown
that direct costs associated with surgical interven-
tion have prevented patients from utilizing these
services.”””” 71" Patients, despite recognizing the
need for surgical care, are unable to make use of
these services due to an inability to afford them.
The indirect costs associated with receiving surgery,
such as loss of income and permanent disability, also
serve as a hindrance.”' ~** Moreover, patients report
limitations to transportation due to improper or
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Table IV. Burden of disease in low-income countries
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Deaths Disability adjusted life-years
Proportion of Proportion of
Cause Number total (%) Number total (%)
All causes 4,941,550 100 322,758,976 100
Aortic Aneurysms 5,281 0.11 131,777 0.04
Ischemic Stroke 105,225 2.13 2,455,709 0.76
Peripheral arterial 2,229 0.05 57,467 0.02
disease
Death
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Fig. 1. Comparison of the rate of deaths per 10,000 people in upper-middle, lower-middle, and low-income countries.

insufficient transport and long distances as reasons
for not seeking immediate surgical care.***” Any in-
terventions aimed at increasing accessibility of
vascular surgery services should be implemented
with the goal of reducing costs and increasing acces-
sibility to patients in mind. This ensures that the
availability of services is not hindered by the lack
of affordability or vice versa, rendering them useless
despite their presence. The utilization of endovascu-
lar technology is associated with further costs and
the policy of insurance companies regarding the
coverage of these new technologies differ in LMICs.

Data Collection and Sharing

A sense of global camaraderie has long existed in
vascular surgery,*® with international collaboration
encouraged and promoted.’®” *® Vascular registries,
for example, have served as an important opportu-
nity to share data and improve practices. These reg-
istries have become increasingly collaborative, with
initiatives such as the World Federation of Vascular

Societies and the International Consortium of
Vascular Registries (ICVR) fostering greater global
integration and information sharing.”>*’ LMICs,
however, have largely been excluded from these ef-
forts. In the ICVR, all 15 member organizations are
HICs, with no LMIC representation. The World
Federation of Vascular Societies has marginally bet-
ter representation, with 3 LMICs represented among
dozens of HICs.

This lack of representation is likely, in part, due to
the lack of systematic data collection in LMICs.
Collection of information at the scale seen in HIC re-
quires a development of infrastructure including
greater access to reliable internet and technology,
sufficient personnel to input this data, and globally
agreed-upon standards for care. Efforts focused on
increasing data availability in LMICs should target
these aspects, prioritizing sustainable increases in
capacity and capability. One successful example of
nationwide data collection in an LMIC is the
Vascular Society of South Africa (VASSA). With its
targeted mandate, VASSA has been able to take
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Fig. 2. Comparison of the rate of DALY per 10,000 people in upper-middle, lower-middle, and low-income countries.

Table V. Statistical analysis comparing death and
DALY in upper middle income, lower middle
income, and lower income countries (Chi-square)

Cause Death DALY

Aortic Aneurysms <0.001 <0.001
Ischemic Stroke <0.001 <0.001
Peripheral Arterial Disease <0.001 <0.001

DALY, disability adjusted life years.

into consideration the unique aspects of South Afri-
ca’s vascular pathologies such as the impact of
HIV.?”> Moreover, this society has enabled the pro-
motion and advancement of research in vascular
surgery, increased knowledge in vascular disease,
and served as a representative on the global stage
for increased vascular surgery services in
LMICs.”>"® VASSA is a tangible example of the
feasibility and subsequent success of implementa-
tion of vascular registries and societies in LMICs.
This, in turn, fosters greater international
collaboration.

Knowledge and Beliefs

Delivery of care to patients in LMICs is hindered by
factors beyond infrastructure and costs. Patient-
centered and culture-specific elements also play a
significant role in creating barriers to effective deliv-
ery of surgical care. In Nepal, for example, literacy
has been shown to be a significant barrier to
care.’’ Other factors include fear of surgery, mini-

mal community health education, and mistrust of

Fig. 3. DALY per 100,000 people due to ischemic stroke
between 1990 and 2019. Figure from Institute of Health
Metrics and Evaluation. Available at: https://www.
healthdata.org/.

the healthcare system.””’°">? Interventions target-

ing these barriers should include community partic-
ipation. Incorporation of knowledge and beliefs held
by community members will allow for the develop-
ment of interventions that are better suited for the
community they seek to benefit as well as an
increased likelihood of acceptance by the popula-
tion. With regards to vascular surgery, increasing
patient knowledge of vascular diseases, such as
PAD, and their manifestations may allow for earlier
intervention and improved outcomes.’”>*

Workforce Development

A final category of barriers to care is the develop-
ment of a suitable vascular surgeon workforce.
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Fig. 4. Deaths per 100,000 people due to ischemic stroke
between 1990 and 2019. Figure from Institute of Health
Metrics and Evaluation. Available at: https://www.
healthdata.org/.

Fig. 5. Deaths per 100,000 peopl due to peripheral arte-
rial disease between 1990 and 2019. Figure from Institute
of Health Metrics and Evaluation. Available at: https://
www.healthdata.org/.

Training in vascular surgery, despite increasingly
being recognized as a monospecialty, remains un-
standardized. The structure of resident training dif-
fers both across and within countries,””°
preventing the formation of a globalized standard
of training. Many Sub-Saharan nations do not
recognize vascular surgery as its own specialty, but
rather as a subspecialty to general surgery. This
limits the scope of practice of vascular surgeons
and hinders advancement in technique and tech-
nology.” Carving out a defined scope of practice
for vascular surgeons, reflected by an autonomous
training program, may allow for more rapid growth
of the profession and foster greater advancement in
skills, thereby meeting the demand for vascular sur-
geons more quickly and precisely.” Implementation
of integrated vascular surgery residency programs in
LMICs which have traditional fellowship programs
is another way to increase the number of vascular

Global vascular surgery 303

Fig. 6. DALY per 100,000 people due to peripheral arte-
rial disease between 1990 and 2019. Figure from Institute
of Health Metrics and Evaluation. Available at: https://
www.healthdata.org/.

surgeons. Many surgeons are not interested in
vascular surgery fellowship programs due to the
lengthy duration of training (4—5 years of general
surgery residency + 2—3 years of vascular surgery
tellowship).’”

Though the lack of standardization is not unique
to LMICs, the vascular surgeon training programs in
LMICs face distinct limitations. A unique disease
burden intersecting with vascular disease in these
countries, such as HIV and Buerger’s Disease, neces-
sitate specific training to best intervene upon these
diseases.”® Moreover, the limitations to surgical
care access relating to infrastructure, cost, and deliv-
ery of care outlined above, echo in the training of
vascular surgeons. Vascular surgery programs in
LMICs are often limited, in part, due to a lack of
funding for training programs.”’® In countries
with these limitations, there are only a handful of
available positions, certainly not enough to meet
the current demand for vascular surgeons. Those
fortunate enough to secure a position often have a
salary below the living wage or go unpaid.’®

Access to the proper equipment to train rising
vascular surgeons is another important consider-
ation in LMICs. The inadequate infrastructure and
supplies found in many LMICs hinder the quality
and scope of training provided.’® Increasing fund-
ing, capacity, and infrastructure for the education
of vascular surgeons will allow for increased access
to surgical services and a higher quality of care.

Ideas put forth to achieve these goals include in-
ternational collaboration through partnered
training programs, increased recognition of
vascular surgery as a distinct specialty, increasing
awareness of vascular surgery as a specialty among
the public as well as medical students and early
trainees, and increasing funding of training
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Fig. 7. Deaths per 100,000 people due to aortic aneu-
rysm between 1990 and 2019. Figure from Institute of
Health Metrics and Evaluation. Available at: https://
www.healthdata.org/.

Fig. 8. DALY per 100,000 people due to aortic aneurysm
between 1990 and 2019. Figure from Institute of Health
Metrics and Evaluation. Available at: https://www.
healthdata.org/.

programs to increase capacity and quality.” %%

Though these ideas may be more easily imple-
mented in wealthier nations, it is important to
direct efforts and collaboration toward LMICs to
promote a global increase in vascular surgeon
accessibility. A successful example of international
collaboration is the vascular surgeon exchange pro-
gram between Linkoping University Hospital in
Sweden and Tikur Anbessa Specialized Hospital
(TASH) in Ethiopia. This exchange program
allowed for mutual benefit: 1 Ethiopian vascular
surgeon and 4 fellows and residents were trained
in techniques such as below-knee anastomoses
and vascular access techniques while 5 vascular
surgeons from Sweden gained experience in open
access vascular surgeries.”” Besides the immediate
benefit of improved surgical technique, this pro-
gram also served to increase capacity for vascular

Annals of Vascular Surgery

surgical services in Ethiopia as it fostered the devel-
opment of a formal training curriculum through
which subsequent surgeons may be trained.?” The
implementation of programs such as this one may
result in global increased capacity of and access to
vascular surgery, thereby increasing supply as de-
mand continues to rise.

Limitations

While shedding light on important aspects of global
vascular surgery, this paper does have some limita-
tions. Primary among them is the fact that AA,
PAD, and IS do not encompass all cardiovascular dis-
ease. In reality, cardiovascular disease poses a much
greater burden of disease than that estimated in this
study. Therefore, the need for vascular surgeons is,
in fact, understated in these findings.

Further limitations pertain to the data utilized
in this study. The first of these is the inability to
ascertain whether the increasing burden of disease
is solely due to a true increase in disease incidence
or prevalence. It is plausible that this increase can
be attributed to improved data collection in some
regions. Moreover, autopsies are not routinely
performed to confirm the cause of death in the
data provided by the IHME Global Burden of Dis-
ease Results Tool. As such, the possibility that a
death may be attributed to an incorrect cause
remains.

Another limitation is the limited scope of data
collection and research focused on global vascular
surgery. The results of the literature review yielded
a limited number of studies and research efforts
focused on global vascular surgery. This is in part
due to a lack of inclusion of the global south in
vascular data registries. The registries currently in
existence consist mainly of countries in the global
north, severely limiting the amount of data collected
regarding vascular surgery in low and middle in-
come countries. Increasing the scope of vascular
surgery data collection efforts in LMICs may facili-
tate better quantification of quality and access in
these countries.

CONCLUSION

The global south, consisting predominantly of
LMICs, continues to face a disproportionate preva-
lence and incidence of CVD, while not benefitting
from the same technological advances and increased
surgical capacity enjoyed in the global north. LMICs
shoulder a greater burden of disease in terms of
deaths and DALYs due to AA, PAD, and IS. More-
over, LMICs have seen a steeper upward trend in
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the rate of death and DALYs due to these 3 diseases
between 1990 and 2019. These regional disparities
have persisted over time, necessitating a concerted
approach to increasing vascular surgery access and
capacity.

Increased access to vascular surgery services may
be achieved through interventions targeting
financing and infrastructure, patient knowledge
and beliefs, workforce development, and data collec-
tion and dissemination. Improved access to vascular
surgeons is a goal within reach. It requires, however,
global collaboration and the development of inten-
tional, sustainable interventions, and processes.
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