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Abstract
Diabetes mellitus is a complex disease with clinical sequelae including cardiovascular disease, renal failure, extremity complications, and
death. Lower limb amputation is the most serious morbidity and consequence for diabetic patients due to its associated burden on quality
of life and economic implications. Limb amputation is caused by a
series of complications involving multiple organ systems. We believe
that a multidisciplinary diabetic care team, consisting of vascular specialists, wound care specialists, and cardiologists, will facilitate in
systematically addressing each complication leading to amputation.
Diabetic patients have an increased risk of developing cardiovascular
diseases, resulting in the expanding involvement and importance of
interventional cardiologists on these multidisciplinary diabetic care
teams. Several national and global institutions have successfully
demonstrated the multidisciplinary approach to facilitate efficient and
timely care, and most importantly, reduce the rates of diabetes-related
limb amputation. The Heart, Vascular and Leg Center coordinates
vascular specialty care and provides dedicated patient management
in order to increase treatment quality, patient literacy, and medication
adherence to decrease lower extremity amputation rates.

CVD in diabetic patients can lead to several downstream morbidities, perhaps the most severe of which is lower extremity
limb amputation due to its association with poor quality of life
and low survival rates [3].
Limb amputation in diabetic patients is performed approximately every 30 s globally, equating to a loss of over 2,500
limbs every day [4]. Limb amputation lowers quality of life
and places severe economic burden on patients and healthcare
systems. For this reason, amputation connotes a treatment
failure rather than a treatment option. Multiple studies have
demonstrated significant deterioration of physical and mental
health post-limb amputation [5-9]. Hayes et al evaluated the
quality of life of diabetes patients with various complications
via self-reported questionnaires, and found that patients who
underwent limb amputation had the largest decrement in physical quality of life compared to other complications such as
stroke, blindness, renal failure, and heart failure [6]. Similarly,
a recent systematic review of the literature by Davie-Smith et
al demonstrated a high prevalence of depressive symptoms
and feelings of social isolation amongst diabetic patients with
major lower limb amputation, especially those over age 65 [9].
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The Financial Costs of Limb Amputation

Alarming Rates of Diabetes-Related Amputation
The global prevalence of diabetes mellitus has risen over the
past several decades, with prevalence rates estimated at 8.8%
of the world population. Recent estimates project that this rate
will continue to rise, reaching a global prevalence of over 10%
by 2035 [1]. Diabetes currently accounts for 9% of mortality worldwide [2], with cardiovascular disease (CVD) being
the primary causal factor leading to death in diabetic patients.
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In addition to lowering health and lifestyle quality, limb amputations are financially taxing to both patients and healthcare
systems [10-14]. Medical care costs for minor and major amputations, as reported by Jindeel and Narahara, were $45,513
and $82,657, respectively, amongst diabetic patients, which
was approximately 1.3-fold higher than the cost for treating
non-diabetic amputations [12]. Franklin et al further corroborated these high costs, reporting that the mean cost of lower
limb amputation per diabetic patient treated by the Veterans
Health Administration (VHA) approximated $60,647 in 2010,
amounting to an overall economic burden of $206 million [14].

Solution to the Amputation Endemic Amongst
Diabetic Patients
A multidisciplinary approach to diabetic care has been found to
optimize treatment for both the patient and the wound in several recent reports [15-18]. In a retrospective review, Wang et
al found a decrease in lower extremity amputations associated
with implementation of a multidisciplinary approach to diabe-
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tes treatment, coordinated by an endocrinologist and podiatrist
[15]. Similar decreases in amputation rates and ulcer healing
times were reported by Everett and Mathioudakis after introducing a multidisciplinary approach [17]. In addition to these
findings, Oliver and Mutluoglu noted that consults with internal
medicine, podiatry, endocrinology, vascular surgery, and infectious disease are key integrations for a multidisciplinary team,
and can collectively aid in promoting patient education and prevention of foot ulcers ultimately leading to amputation [16].
Moreover, the World Health Organization and the International
Diabetes Foundation reported that approximately 85% of diabetes-related lower extremity limb amputations can be avoided
with appropriate preventive and specialist care [15, 16, 19-23].

A One-Stop Shop: Why the Multidisciplinary Approach Works
Diabetes-related complications leading to limb amputation are
multifactorial, involving neuropathy of peripheral vasculature,
ulceration, presence (or absence) of peripheral arterial disease
(PAD), and infection [2, 24]. Thus, diabetic foot problems
involve pathology of various systems, requiring the need of
multiple specialists to address each component. The multidisciplinary team consists of professionals from three primary
disciplines: vascular specialists, cardiology, and wound care.
Vascular diseases are a primary causal factor leading to
lower extremity amputation, accounting for 82% of amputations
amongst diabetic patients with foot problems. Surprisingly, a
2001 study by Allie et al revealed that only 49% of those receiving amputations had any diagnostic vascular evaluation prior to
amputation [25]. Even over a decade later, Goodney et al found
that of 20,464 Medicare patients who underwent major amputation for critical limb ischemia, 71% had either no revascularization or only one diagnostic procedure in the year immediately
preceding a major amputation [26]. Moreover, amputation was
the first method of treatment used in 67% of these patients.
Quilici et al found that using nonsurgical treatments prior to
admission decreased amputation rates by 63% [19]. With careful monitoring and care by vascular specialists, diabetic patients
can receive earlier diagnosis and intervention for commonly associated cardiovascular complications such as atherosclerosis.
Wound care specialists serve an important role in the multidisciplinary diabetic care team. Ulceration and associated infection occurs in 15% of diabetic patients; lack of early intervention
and proper care often leads to major or minor amputations [27].
Of note, nearly 85% of amputations in diabetic foot patients are
preceded by diabetic foot ulceration [28]. Thus, wound care specialists are a critical member of the diabetic care team and facilitate prevention and management of wound infections.
CVD is the leading cause of morbidity and mortality
amongst diabetic patients. In fact, 35% of diabetic patients with
PAD will die within 5 years from coronary artery disease (CAD)
or CVD. Diabetes is a frequently seen condition by cardiologists, who work closely with diabetic patients to ensure glycemic control, blood pressure management, cholesterol and lipid
level maintenance, and management of other risk factors that
will prevent major complications (i.e. myocardial infarction,

artherosclerotic heart disease) [29]. Together, the cardiologist
and vascular specialist work to improve functional status and
quality of life of the diabetic patient by identifying and treating
their systemic atherosclerosis, while the wound care specialist
manages the patient’s ulcer wounds to prevent infection spread.
As a result, the multidisciplinary team can collectively and systematically manage all components of diabetes to aid in limb
preservation. We have seen the role of the cardiologist expand
over the last two decades, discussed in detail below.
In addition, two of the main factors related to lower extremity limb amputation in diabetic populations are non-compliance with outpatient medication and previous outpatient
treatment for ulcers [19]. Socioeconomic factors and social
determinants of health may play a role in a patient’s ability to
access appropriate clinical care and remain adherent with medications, and thus are important factors in subsequent amputation and clinical outcomes. Coordinating patient access to care
via a multidisciplinary team may potentially improve patient
compliance and ultimately reduce subsequent costs and poor
clinical outcomes resulting from lower extremity amputation.
Many institutions have recognized the need for an integrated, multidisciplinary approach for diabetes care and have
implemented initiatives to mitigate diabetes-related amputation through specialized diabetic foot care clinics and early
intervention programs and have demonstrated drastically improved clinical outcomes, discussed in detail below.

Denver Health Study
In 2004, the Denver Health Medical Center established a limbsalvage program to address the specialized needs associated
with caring for diabetic foot complications. A multidisciplinary team was formed consisting of podiatrists, orthopedic and
general surgeons, primary care physicians, and specialists in
infectious disease and interventional cardiology. The process
of care through this program involved scheduled foot exams,
patient education, vascular education, footwear and wound
care, and surgery, when necessary, performed by podiatrists. A
10-year retrospective study of 451 patients treated in the Denver Health limb-salvage program demonstrated that prior to
the program, limbs were lost in 36.3% of cases, compared to
only 11% between 2006 and 2011 upon establishing the multidisciplinary approach [30].

Brazilian “Diabetic Save the Foot Project”
Using a multidisciplinary approach in treating diabetic foot
conditions has been globally recognized as a beneficial strategy to prevent limb amputation as early as the 1990s. In 1992,
the Brazilian government launched the “Diabetic Save the Foot
Project”, aimed at managing diabetic foot problems, a main
reason for amputation in developing countries. The program
was designed to circumvent barriers to healthcare access by
foot clinics throughout the country, by improving preventative
education programs for patients, and increasing awareness of
diabetic foot complications amongst medical staff through col-
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laborative interdisciplinary efforts. Due to the shortage of podiatrists and chiropodists in the country, diagnostics and treatment were performed by a multidisciplinary team involving
nurses, primary care physicians, vascular surgeons, and endocrinologists. Other specialists, such as plastic surgeons, were
available to patients upon referral. All staff received training of
basic podiatry procedures and strategies to educate patients on
diabetic foot condition management. A retrospective analysis
of the data from this project demonstrated a steady decline in
amputation rates between 1992 and 2000, achieving a notable
overall decrease of 77.8% [31].

District Hospital, Ipswich, United Kingdom
The Ipswich Hospital, a district general hospital in the United
Kingdom, performed a study between 1995 and 2005 to evaluate the changes in diabetic lower extremity amputation rates
following the implementation of a multidisciplinary foot team.
The data were collected prospectively during this period by
a diabetes specialist nurse or podiatrist. Study outcomes revealed a significant decrease in the number of total and major amputations. The incidences of total, major, and minor
amputations were reduced by 70.0%, 81.8%, and 21.1%, respectively, during the 11-year period [32]. The improved foot
care outcomes were attributed to the collaborative efforts of
the vascular, radiological, and microbiological services of the
multidisciplinary team.

VHA
The VHA is the largest national database of medical records
in the United States. Previous studies have utilized combined
data from the VHA and Medicare database to develop risk prediction models for major and minor amputations in diabetic
patients [33-35]. Between 2000 and 2004, the Department of
Veterans Affairs conducted a retrospective administrative data
analysis of VHA clinic users with diabetes to assess the trends
in lower extremity amputations. The study population was defined as patients with diabetes without prior amputation and
ranged between 405,580 in 2000 to 739,377 in 2004. The trend
in amputation rates was calculated per 1,000 patients for minor
(toe, transmetatarsal, and distal transtibial) and major (transtibial and transfemoral) amputations. Over the 5-year period,
minor amputations were reduced by 33% and a 36% decrease
was observed for major amputations [36]. Above knee amputations were reduced by 49%. It was speculated that the significant decreases in lower extremity amputations were largely a
result of the foot risk screening and referral program mandated
by the VHA in the late 1990s [37].

Expanding Role of the Cardiologist
The role of the cardiologist has changed dramatically as clinical problems that are vascular in origin become more common.
Over the last 20 years, cardiologists have become more involved
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in the treatment of peripheral vascular diseases [38]. The fundamental competencies required to diagnose and treat vascular
diseases are explicitly detailed in a recent Core Cardiovascular
Training Statement (COCATS) [39]. Additionally, interventional and imaging procedures in the peripheral vascular system
have become important components of a cardiologist’s practice
and curriculum in recent years [38, 40]. The past several decades
have also shown tremendous growth in the proportion of endovascular interventions performed by cardiologists. Goodney et
al found that between 1996 and 2006, the number of endovascular procedures performed by cardiologists increased from 29
to 170 interventions per 100,000 Medicare beneficiaries, respectively, compared to an increase from 12 to 162 endovascular
interventions per 100,000 Medicare beneficiaries by specialized
vascular surgeons [41]. Furthermore, the authors showed that
the proportion of all endovascular procedures performed by cardiologists increased from 23% to 41% between 1996 and 2000,
clearly demonstrating the expanding role of interventional cardiologists for the treatment of vascular diseases [41].
Individuals with diabetes have an increased risk of developing a CVD [42]. CVDs are currently the number one cause
of death worldwide, with almost 18 million global deaths reported in 2016 [43]. CAD and PAD are chronic progressive
CVDs that share similar risk factors and pathogenesis [38].
Patients with PAD or CAD are treated similarly, but are also at
risk of secondary thrombotic events and concomitant diseases in other vascular districts [44-46]. Cardiologists are often
the first physicians to see patients with CAD or PAD, and are
responsible for managing multiple aspects of these vascular
disorders. Given their early access to patients with these disorders, cardiologists must use this opportunity to screen patients.
Given their unique training as interventionalists, cardiologists
are also equipped to perform endovascular procedures. Because these CVDs often engage several disciplines, cardiologists serve as an increasingly important, unifying member on
multidisciplinary treatment team.
A number of studies demonstrate the growing success
when interventional cardiologists are the operating physicians
in endovascular procedures. Khanolkar and Ephrem retrospectively analyzed 24 patients that underwent endovascular reconstruction of popliteal and/or infrapopliteal arteries for critical
limb ischemia between 2010 and 2014 [47]. Limb salvage was
achieved in 97% (33/34) of their patients and successful vessel
recanalization was achieved in 71% (24/34). Their success with
endovascular procedures is reflected by the increasing number
of interventional cardiologists participating in endovascular trials for critical limb ischemia. Of the 865 physicians participating in the Best Endovascular vs. Best Surgical Therapy for Patients with Critical Limb Ischemia (BEST-CLI) trial, 128 (15%)
are interventional cardiologists [48]. The involvement of these
skilled interventionalists will continue to expand as less-invasive endovascular therapies are used to treat vascular diseases.

Heart, Vascular and Leg Center (HVLC) Experience
The HVLC provides multidisciplinary care to diabetes pa-
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Figure 1. Diagram describing the roles of each member on our multidisciplinary, patient-centered team to prevent limb amputation.

tients by bringing cardiology, podiatry, vascular, and wound
care specialties into a single treatment center in order to use
a “whole person” approach to amputation prevention (Fig. 1).
Bringing multifaceted patient care into a single treatment center allows for an integrated system and approach to treatment
that promotes peer communication between physicians as well
as communication between physicians and patients. Through
increasing both peer and patient communication channels, we
decrease care access challenges for patients and provide dedicated patient management to coordinate care at a higher level
than through individual specializations, allowing for increased
tracking of patient care.
Once a patient is referred to the HVLC, the wound care
team assesses their non-healing wound and refers the patient to
assessment by a cardiovascular specialist. A cardiologist will
evaluate their vascular status, ongoing risk factors, and need
for testing, angiography, or lower extremity intervention. An
endovascular specialist will then communicate with the multidisciplinary team to ensure limb revascularization if treatment
is required. Follow-up assessments will take place 24 h postrevascularization, with weekly assessments by a primary care
physician, and ongoing cardiovascular assessments for the rest
of the year (Fig. 2).
The multidisciplinary approach has enhanced several key
areas of patient care at the HVLC facility. First, we have seen
improvements in patient compliance. Consistent visits with the
same provider and dedicated staff member have also resulted in
a decrease in missed appointments. Second, the number of hospital visits has decreased tremendously, as infections are diag-

nosed and treated earlier due to weekly wound checks. Finally,
monthly meetings enable us to develop protocols, address any
issues, and improve communication between multidisciplinary
providers working on the same EMR. We anticipate continued
refinements and growth at the facility to ensure that patients are
provided with the best possible multidisciplinary care.

Conclusion
Coordinated care improves patient compliance and physician
communication, enhancing treatment management as coordinators track patient progress. The combined efforts of specialists
from different disciplines will provide diabetic patients with the
best possible care and can reduce overall limb amputation rates.
Interventional cardiologists have become increasingly important providers of care for diabetic patients on multidisciplinary
teams; the role of cardiologist will continue to expand for diabetic patients as diseases that are vascular in origin become
more common. Multidisciplinary approaches to diabetic treatment ultimately provide patients with a better understanding
of their treatment and improves medication adherence, lower
extremity amputation rates, and improve clinical outcomes.
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Figure 2. Protocol for the multidisciplinary patient assessment, intervention, and follow-up at the Heart, Vascular and Leg Center.
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