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Abstract

Purpose of Review Team-based care has been proposed as a tool to improve health care delivery, especially for the treatment
of complex medical conditions. Chronic limb-threatening ischemia (CLTI) is a complex disease associated with significant
morbidity and mortality which often involves the care of multiple specialty providers. Coordination of efforts across the
multiple physician specialists, nurses, wound care specialists, and administrators is essential to providing high-quality and
efficient care. The aim of this review is to discuss the multiple facets of care of the CLTI patient and to describe components
important for a team-based care approach.

Recent Findings Observational studies have reported improved outcomes when using a team-based care approach in the
care of the patients with CLTI, including reduction in mean wound healing times, decreasing rate of amputations, and
readmissions.

Summary Team-based care can streamline care of CLTI patients by raising awareness, facilitating early recognition, and
providing prompt vascular assessment, revascularization, and surveillance. This approach has the potential to improve patient

outcomes and reduce downstream health care costs.
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Introduction

Chronic limb-threatening ischemia (CLTI), the most severe
form of peripheral artery disease (PAD), may present as
ischemic rest pain, gangrene, or non-healing ulceration
due to arterial insufficiency [1]. In the USA, approximately
8.5 million adults have PAD and it is estimated that about
11% present with CLTI [2, 3]. Associated with significant
morbidity and mortality, patients with CLTI face amputa-
tion rates of up to 40% at 1 year and mortality rates of up
to 50% at 5 years [4, 5]. Furthermore, CLTI represents a
large economic burden for individual patients and society,
with health care costs estimated to be greater than $4 billion
annually [6].
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The care of patients with CLTI requires a multidiscipli-
nary team approach that addresses risk factor management,
revascularization, and optimal wound care. Multiple physi-
cians are often involved in addressing different aspects of
care necessary to reduce cardiovascular and limb-related
morbidity in CLTI patients [7]. Given the presence of mul-
tiple specialty providers, collaboration and consensus in
standards of clinical care are needed to avoid fallouts in the
management of this complex patient population. One of the
many challenges CLTI providers face is how to best deliver
the highest quality of care in the most efficient way particu-
larly under the limitations of current clinical evidence [8].

As bundled payment structures are increasingly adopted
over fee-for-service financial models, multidisciplinary
teams are needed to collaborate in providing highest quality
and cost-effective care. Team-based care has been defined as
“the provision of health services to individual, families and/
or their communities by at least 2 health providers who work
collaboratively with patients and their caregivers to accom-
plish shared goals within and across settings to achieve
coordinated, high-quality care” [9]. The goal of team-based
care goes above the usual collaboration that occurs across
individual providers in health care. Team-based care is the
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deliberate, intentional integration, coordination, and col-
laboration of health professionals to deliver care [10]. The
goal of this review is to discuss the multiple facets of care of
the CLTI patient, defining components relevant for a team-
based care approach, and its implementation in current day
practice.

Evidence for Team-Based Care

The team-based care approach has increasingly been adopted
across different health care areas, particularly in primary
care as well as in cardiovascular and surgical settings. In
primary care, the team-based care approach has allowed
different practices to create partnerships between provid-
ers, medical assistants, registered nurses, pharmacists, and
behavioral specialists to engage in patient care to the maxi-
mum extent. This enables providers to focus on tasks that
only they can perform, such as pharmacists and medical
assistants managing titration of chronic medications includ-
ing antihypertensives or insulin regimens [11, 12]. In the
care of patients with chronic heart failure, team-based care
involving a multidisciplinary team of heart failure cardiolo-
gists, nurses, pharmacists, social workers, and dieticians has
proven to be essential in reducing readmissions, improving
clinical outcomes, and managing patient symptoms [13, 14].
Similarly, in cardiothoracic surgery a multidisciplinary team
approach in the care of high-risk complex patients has dem-
onstrated to improve outcomes and increase patient, family,
and staff satisfaction [15]. The medical literature now has
greater evidence of improved coordination of care and clini-
cal outcomes from intentional and standardized multidisci-
plinary care, including heart teams, pulmonary embolism
response teams, and shock teams [16-19].

Revascularization

The cornerstone of CLTI care is revascularization with the
goal to restore inline flow to the affected limb and prevention
of major limb loss. Multiple professional society guidelines
recommend endovascular and/or surgical revascularization
in patients with CLTI [8, 20]. Despite these recommenda-
tions, it is estimated that less than 50% of patients with CLTI
receive prompt revascularization before amputation [21, 22].
With significant variability in amputation rates and use of
revascularization procedures in the USA, the regions with
more intensive vascular care have been noted to have the
lowest amputation rates [21, 23]. This highlights the impor-
tance of raising patient awareness and physician identifica-
tion of CLTI and increasing access to care nationwide.
Revascularization strategies for patients with CLTI
include surgical, endovascular, or a hybrid combination
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of both. Infrainguinal lower-extremity bypass is commonly
used in patients with CLTI with significant infrainguinal
occlusive disease, displaying excellent clinical durabil-
ity and limb salvage rates [24]. However, lower extremity
bypass durability is significantly limited by the type and
quality of the conduit used, with venous conduits having
superior patency rates than prosthetic grafts [25]. Moreo-
ver, surgical bypass is associated with perioperative com-
plications, including graft thrombosis and surgical site
infection, as well as 30-day major adverse cardiovascular
events and death of 6.2% and 2.7%, respectively [26, 27].
With a wide array of approaches and development of new
techniques and devices, the use of endovascular revascu-
larization procedures has increased steadily over the last
decade [28e]. This has been associated with a concomitant
decrease in in-hospital mortality, major amputations, and
length of stay for patients admitted with CLTI [28e, 29].
Given its associated lower morbidity and mortality rates,
many have argued for an endovascular-first approach in
patients with CLTI and infrainguinal disease [30]. In some
cases, hybrid procedures that include a combination of
bypass techniques with endovascular therapies represent
a reasonable option to achieve inline flow to the foot. One
example is the use of iliac stenting combined with femoral
endarterectomy and patch angioplasty in the management
of patients with significant inflow disease, which has been
reported to have good long-term results [31]. Overall, a
multitude of factors can influence the choice of revascu-
larization strategy, including patient comorbidities, lesion
characteristics, availability of autogenous conduit, pres-
ence of local expertise, and referral patterns [32].

The persistent clinical equipoise regarding the optimal
revascularization modality for CLTI is partly due to the
paucity of high-quality evidence. Two ongoing trials, the
BEST-CLI (Best Endovascular vs. Best Surgical Therapy
in Patients With Critical Limb Ischemia) trial in North
America and BASIL-2 (Bypass vs. Angioplasty in Severe
Ischemia of the Leg 2) trial in the UK, comparing endo-
vascular vs surgical strategies for CLTI, will provide the
evidence needed to develop a standard of care to best guide
the treatment of patients with CLTI [33, 34]. The 2016
AHA/ACC guidelines on management of lower extrem-
ity PAD recommend an evaluation for revascularization
options by an interdisciplinary care team before amputa-
tion in patients with CLTI [8]. In some cases, patients
may benefit from a primary amputation rather than revas-
cularization. These may include patients with extensive
non-reconstructable foot necrosis, severe concomitant life-
threatening infection, unfavorable arterial anatomy, and
patients with terminal illness [7, 20]. A multidisciplinary
vascular team is essential in managing complex scenarios
and driving the decision for the most optimal revasculari-
zation strategy in each patient [35e].
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Revascularization procedures whether surgical or endo-
vascular can be complex and technically challenging, requir-
ing skilled providers with the resources to restore flow to
the limb. When CLTT patients are undergoing evaluation for
revascularization, particularly in complex cases, multidisci-
plinary discussions with a team consisting of a noninvasive
vascular medicine specialist, endovascular interventionalist,
and vascular surgeon as a “CLTI team” with overview of the
noninvasive and angiographic findings can help determine a
consensus for the best mode of revascularization [35e]. This
approach is similar to the heart-team meetings held between
noninvasive cardiologists, interventional cardiologists, and
cardiothoracic surgeons to achieve a consensus on a best
management strategy for patients presenting with multives-
sel coronary artery disease or valvular heart disease [18].

Wound Care

The management of ischemic ulcers and/or non-healing
wounds is another pillar in the care of patients with CLTI
and requires a team approach. Active wound care encom-
passes debridement of necrotic tissue, offloading, dressing
changes, edema and infection control, and topical regen-
erative regimens [36]. These strategies require prompt and
frequent evaluation by a podiatrist, vascular specialist, and
wound care nurses which count with the special expertise
and resources. In some instances, primary urgent debride-
ment or amputation may be needed, such as in cases of gas
gangrene or necrotizing fasciitis, to prevent systemic spread
of possible life-threatening infection. Some wounds may
require further adjunctive and specialized therapies such as
negative pressure wound therapy (wound VAC), skin graft-
ing, and hyperbaric oxygen therapy [37]. Complex wound
closure may occasionally require a close collaboration
between different specialties including podiatry, vascular
surgery, plastic surgery, and dermatology [38].

Wound care centers play an important role in providing
the outpatient wound care for CLTI patients. They are staffed
with physicians, wound care nurses, and medical assistants,
and since many wounds are of the lower extremity, both
podiatrists and vascular surgeons tend to lead the manage-
ment of these patients. Wound care centers provide space
for regular, algorithm-based multidisciplinary care of lower
extremity wounds, including debridement, offloading, infec-
tion control, and other advanced wound care therapies such
as hyperbaric oxygen therapy. They also allow for coordi-
nation of the plan of care with other specialists. Aggressive
wound care should also include an infectious disease spe-
cialist for appropriate management of soft tissue and bone
infections [35¢].

Observational studies have reported improved outcomes
when using a team-based care approach in the care of

the patients with CLTI. A single center study in 85 CLTI
patients reported greater than two-fold amputation-free sur-
vival in those who received multidisciplinary care, involving
a vascular, plastic, and podiatric surgeon who jointly man-
aged wound care versus standard wound care [39]. Another
center reported that implementation of an aggressive wound
care strategy consisting of bedside surgical debridement and
skin grafting improved 1-year wound healing rates from 80
to 92% and shortened mean wound healing time from 82 to
48 days [40].

Follow-up

Patients who have been successfully treated for CLTI are
at relatively high risk of recurrence. Regular serial evalu-
ation of the wound in the early stages after revasculariza-
tion is needed until complete wound healing is achieved,
to facilitate early identification of wound worsening and
timely clinically driven reintervention and debridement. This
is accompanied by further prevention of wounds, by using
protective footwear and prosthetics, pressure reduction, and
preventative education in patients at risk [41]. Orthotics and
prosthetics specialists and occupational therapists are essen-
tial in patients that require minor or major amputation.
Follow-up clinical assessments also consist of evaluation
for any return or progression of symptoms, vascular physi-
cal exam, and physiologic testing. A surveillance ultrasound
is typically obtained following surgical or endovascular
revascularization, and on a regular surveillance schedule for
bypass grafts [8]. Although there is no official consensus
on ultrasound surveillance for asymptomatic patients after
endovascular intervention, some high-risk patients, such as
those with multiple reinterventions or poor runoff, may ben-
efit more than others from regular ultrasound surveillance.

Risk Factor Modification

The primary goal of risk factor modification is to reduce
the incidence rate of major adverse cardiovascular events
and death but also aid in improving limb outcomes. This
approach includes medical therapy to reduce risk of athero-
thrombotic events and to achieve control of underlying
hypertension, hyperlipidemia, and diabetes as well as life-
style changes.

The AHA/ACC lower extremity PAD guidelines give a
Class I recommendation for the use of antiplatelet therapy
to reduce risk of myocardial infarction, stroke, and vascu-
lar death in patients with CLTI, as well as statins, since
their use has shown to reduce cardiovascular events, mor-
tality, and amputation rates in patients with PAD. Use of
angiotensin-converting enzyme inhibitors or angiotensin
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receptor blockers is a Class Il recommendation, as they have
been shown to reduce cardiovascular mortality in patients
with CLTI [8, 42—44]. Furthermore, recent trials have shown
a reduction in major adverse limb events and cardiovascular
events with the addition of low-dose rivaroxaban in patients
undergoing surgical or endovascular revascularization for
PAD [45¢]. Cardiologists and vascular medicine specialists
serve an important role in the CLTI team, with their under-
standing of the risk of benefits of these medical therapies
and how to implement them. Additionally, the care of CLTI
patients with diabetes requires the integration of endocrinol-
ogists and nutritionists to ensure adequate glycemic control
and improve nutrition and diet.

In terms of lifestyle changes, smoking is a major risk
factor for the development of PAD and CLTI, and signifi-
cantly increases the risk of lower extremity bypass failure
and amputation in CLTI. Smoking cessation has been shown
to reduce the progression to CLTI, need for amputation, and
mortality in patients with CLTI [46].

Limb Preservation Programs

Understanding the need for coordination along the multi-
ple facets of care of CLTI patients, many institutions have
developed limb preservation programs, which incorporate
the team-based care approach. These programs provide
integration and access to all the physician team members
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needed to provide optimal care to the patient with CLTI
(Fig. 1). Limb preservation programs also count with dedi-
cated administrative support to provide clinical coordina-
tion to oversee the transition of care from the inpatient to
outpatient setting, as well as arrangement of consultations
among providers, and scheduling of surveillance ultra-
sound studies [47]. By using a multidisciplinary approach,
a limb preservation program can help standardize the care
of patients with CLTI by fostering protocol-driven man-
agement. These programs can streamline care of CLTI
patients by providing prompt vascular assessment and
revascularization, offering concomitant wound and podi-
atric care, and ensuring increase surveillance after revas-
cularization. This approach has been reported by multiple
institutions to improve outcomes in patients with CLTI,
including better amputation-free survival and decreased
30-day readmissions [48, 49].

Another critical task these programs have is to raise
awareness in both the public and providers of PAD and
CLTI, as well as the treatments available for limb salvage
within the institution. Educational and screening efforts
directed to the local community can help raise awareness
with the goal of increasing early evaluation and treatment.
Within health care systems, physicians at different areas
of entry, such as emergency room physicians, primary
care doctors, hospitalists, and podiatrists, should main-
tain a high index of suspicion for arterial insufficiency
when patients present with non-healing foot wounds o rest
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pain [7]. These physicians can order initial noninvasive
vascular testing and/or refer to the vascular specialist for
evaluation.

The team in a limb preservation program must include
individuals from multiple areas of training, working col-
laboratively while sharing dedication and passion for limb
salvage. In addition to a multidisciplinary team of phy-
sicians, the team should include physician assistants or
nurse practitioners, registered nurses, and medical assis-
tants. Advanced practice providers serve a crucial role in
the success of CLTI practices; by working in teams with
physicians, they allow programs to adjust to both the grow-
ing number of patients and the increasing intensity of care
these patients require. Additionally, administrative support
and clinical coordination support is key in guiding the
program on its strategy goals and maintaining integration
and communication across providers, as well as with their
patients and families. Streamlined access to diagnostic
vascular ultrasound and other diagnostic modalities will
help facilitate prompt diagnosis and surveillance. A limb
preservation program should also include social workers
and case managers that can provide resources for educa-
tion as well as provide support to patients living with CLTI
and those adapting to amputations.

Conclusion

Team-based care can streamline care of CLTI patients by
raising awareness and allowing early recognition, provid-
ing prompt vascular assessment and revascularization, as
well as close surveillance. Establishment of an effective
multidisciplinary team requires communication and com-
mitment among all team members and has the potential to
improve patient outcomes and to reduce downstream health
care costs. The CLTI team faces many challenges to continue
to optimize CLTI care including greater implementation of
guideline-directed medical therapy, continuing research to
identify strategies to improve limb-related outcomes, and
promotion of strategies that drive cost-effective care.
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