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Current Issues with Diabetic Foot
Disease: The Disease Model

Complications from diabetes result in significant
challenges for individuals, families and health-
care systems."* Those living with diabetes are
more likely to be hospitalized, live with cardio-
vascular and renal complications and experience
diabetic foot ulcers (DFUs), the leading cause of
non-traumatic lower limb amputation.’ People at
risk for or living with diabetic foot disease report
that the fear of amputation is more significant

to them than the fear of death.* The lifetime risk
of a diabetic foot ulcer is 19-34%, with a recur-
rence rate of 40% within a year.” The good news
is there are successful evidence-based solutions to
prevent four out of five amputations.® The Foot
Health Pathway presented here—which is based
on an approach that has been successfully imple-
mented in other countries—provides a framework
that could be used for optimized care delivery in

Canada.

The development of pre-ulcerative lesions and
DFUs is a result of well-defined pathophysiologic
changes that involve one or more of the following
(see Figure 1):

* Neuropathy (loss of protective sensation, lead-

ing to injury)

* Foot deformity (as a result of neuropathy, lead-

ing to pressure points)

* Peripheral arterial disease (PAD) (comprom-

ised blood supply, leading to poor healing out-
comes and increased risk for ulcers)

Major foot amputations are on the increase. A
recent Canadian study demonstrated the overall
rate of any (major or minor) amputation initially
declined from a quarterly rate of 9.88 per 100,000
individuals to 8.62 between 2005 and 2010 but
increased to 10 per 100,000 individuals by 2016.”

Diabetes foot health services in Canada are
fragmented—a costly problem that deserves
more attention.”® Funding is inconsistent and is
based on treating problems, not preventing them.
Funding is split between public and private payers
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Figure 1: The pathophysiological conditions required for the development of diabetic foot complications
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Note: The development of ulcerative DFU or pre-ulcerative lesions (e.g., callus) results from sequelae related to
neuropathy. The three types of neuropathy are: motor, causing weakness of the small muscles, with resultant
foot deformities and biomechanical imbalance; autonomic, leading to overly dry skin prone to breakdown; and
sensory, causing loss of protective sensation. Foot deformities, along with minor trauma related to footwear or
other mechanical causes, can precipitate injury to the tissues. Approximately 50% of patients with diabetes also
have underlying arterial insufficiency.® This will impact DFU formation and impair wound healing. Metabolic abnor-
malities related to diabetes will also impact wound healing and the risk for infection. This road to ulceration is
also the path to prevention, as many of these issues can be recognized early and managed in the community.

with no co-ordination between the two. What is
often missing for persons with diabetes in Canada
is timely access to:
* Preventative foot care and screening programs
as a part of a national strategy
* Early interventions based on risk
* Proper footwear and offloading devices funded
by provincial/territorial health plans
* Access to and/or co-ordination among care
providers and payors

In addition, people at risk may not receive
enough education about how to care for their
feet to prevent or manage foot complications.'”
Such deficits can lead to complications that result
in patient suffering and significant social and
health-system costs.!"!?

Research has shown there is a significant eco-
nomic burden associated with poor foot health,
diabetic foot issues and amputations. Hopkins and
colleagues reported that “the annual cost associated
with DFU-related care was $547.0 M, or $21,371
annual cost per prevalent case.”® This is viewed
as a fraction of the total impact to society and the
economy—which also would include: intangibles
such as pain and suffering, care provided by non-

paid care partners, loss of employment and relat-
ed costs and impacts on family units.'® “Canada

is not listed among the top 10 countries for the
number of people with diabetes, but it is among
the top 10 for diabetes-related health expenditures,
with the cost estimated to be $23 billion. This
cost is projected to rise to almost $30 billion in

2040.713

Diabetic foot hospitalization =
A costly intervention

The Foot Health Pathway and the
Population Health Model

The Foot Health Pathway takes a risk-based
approach focused on patient outcomes, experien-
ces and value-based care consistent with the popu-
lation health principles outlined by the Institute
for Healthcare Improvement (IHI)." The aim of
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this approach is to prevent foot ulcerations, the
devastation of amputations, and amputation-relat-
ed deaths.

To develop the Foot Health Pathway for People
Living with Diabetes, a group of Canadian stake-
holders (experts and organizations) associated
with Wounds Canada came together to develop a
system-based guide based on the principles of the
IHT’s Quadruple Aim framework® (see Figure 2).
The aims are to:

* Enhance the patient experience

* Improve health outcomes

* Improve value to the health-care system

* Enhance the provider experience

Figure 2: The four components of the Institute for
Healthcare Improvement’s Quadruple Aim framework!®
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The resulting Foot Health Pathway outlines a
prevention-based, holistic approach for people liv-
ing with diabetes, whether or not they have already
developed diabetes-related foot complications (see
Figure 3). The Pathway consists of four domains,
each organized around interventions that drive the
most desirable outcomes for patients at different
levels of risk.

With this approach the focus is on prevention,
or “upstream” interventions (yellow and green
domains) to prevent “downstream” complications
(orange and red domains). While prevention of
foot complications is key, it is also necessary to
structure health-care systems for the delivery of
timely care for persons who do develop a foot
ulcer, Charcot deformity, acute critical ischemia or
infection (red and orange domains).

Figure 3: The Foot Health Pathway for People Living
with Diabetes
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For a larger version, see Figure 4 on pages 22 and 23.
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Implementing the Foot Health
Pathway

The risk-based Foot Health Pathway provides all
stakeholders—including patients and families,
health-care providers, administrators, policy mak-
ers and researchers—with a clear vision of how
the population health approach can be delivered
and evaluated at an individual, facility and systems
level.

Assess risk

The first step is to identify persons with diabetes
and establish their risk for foot complications. A
plan of care, with interventions such as a sched-
ule for foot screening at appropriate intervals, can
then be implemented.’
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Early intervention

A callus on a foot may seem like a minor issue;
however, for a person with diabetes this represents
a pre-ulcerative lesion and should have a defined
path for timely evaluation and treatment. The
onset of a DFU, a more serious issue, deserves
immediate attention by a specialized care team to
avoid complications.

Appropriate education

Education is included in all four domains, and it
is incumbent on all health-care providers to engage
the individual, family and others to become part-
ners in care to identify foot and skin issues early
and know where to access timely professional
evaluation and intervention.

Individualized care plans
Each domain is organized to assist in identifying
an individual’s specific risk and then recommend

Table 1: ABCDESSS of Staying Healthy with Diabetes

BP targets * BP < 130/80 mmHg

Drugs for CVD risk
reduction
¢ ASA (if CVD)

A1C not at target)

Screening for
complications

Self-management, ° Set personalized goals

stress, other barriers

Source: Diabetes Canadal’

e If on treatment, assess for risk of falls

* ACEI/ARB (If CVD, age > 55 with risk factors, OR diabetes complications)
e Statin (if CVD, age > 40 for Type 2, OR diabetes complications)

an appropriate care plan, using a holistic approach,
complete with follow-up requirements. These
requirements include the need to manage blood
glucose and other diabetes-related targets such as
cholesterol and blood pressure. Fortunately, care
related to comorbidities is available through pri-
mary care, sub-specialties and patient self-manage-
ment. The targets for optimal management of per-
sons with diabetes are listed in Table 1."7

An lllogical Gap

e SLGT2i/GLP1ra with demonstrated CV benefit (if have type 2 DM with CVD and

* Cardiac: ECG every 3-5 years if age > 40 OR diabetes complications
* Foot: Monofilament/Vibration yearly or more if abnormal

* Kidney: Test eGFR and ACR yearly, or more if abnormal

* Retinopathy: yearly dilated retinal exam

* Assess for stress, mental health and financial or other concerns that might be
barriers to achieving goals
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Green = Low Risk

* Person with diabetes and no history of
diabetic foot disease or complications

* Goal: Promote foot health and prevent
diabetic foot disease

An upstream,
population
health approach
should be util-
ized to identify
foot risk and
then improve
early detection,
with the aim
of preventing
diabetic foot complications. To this end, appro-
priate health policy should be in place to provide
and promote foot screening for individuals with
diabetes. Patients in the green domain are low risk,
and the green domain is a considered a low-cost
domain.

This foot health and prevention perspective
requires a care approach that supports patient
education and engagement in their own daily foot
care activities.'®!? It also identifies diabetic foot
problems (calluses, corns, ingrown toenails, fun-
gal infections) and associated risk factors that can
result in further complications and development of
active pathologies, which would move the patient
to the yellow domain, with different surveillance
parameters.

Ideally, patients with diabetes who are defined as
low risk (green domain) need to be screened annu-
ally as per Canadian guidelines."”

Location of care:

Care takes place at home and in the community in
locations such as primary care offices/clinics and
diabetes education centres. Depending on resour-
ces in communities there are many health provid-
ers that can screen and educate patients about the
general principles of diabetic foot health.

16

Yellow = Moderate Risk

® Person with diabetes-related foot disease
(neuropathy, PAD, deformity, plantar
pressures)

* Goal: Prevent development of diabetes-related
foot complications like DFUs before they
become serious and/or urgent

Patients in the
yellow domain are
at higher risk for
foot complications
because they have
identified risk fac-
tors; neuropathy
and/or deformity
and/or peripheral
arterial disease. Even though they may not have
an ulcer, they will require more frequent screening
and preventative foot care interventions to manage
pathologies such as calluses, blisters and ingrown
toenails. This is a critical time for preventative
interventions, as the next step is a complication
that moves the patient into the red domain. The
screening interval in this domain is every 3—6
months depending on the identified risk.

Location of care:
Care for patients in the yellow domain remains in
the community (primary care, preventative foot
care clinics, diabetes education centres and pharma-
cies in some communities). It is essential that the
screening clinician be able to manage the identified
foot issue or refer to the appropriate care provider.
Note: Often, the offloading of pressure—which
is key to managing calluses and other foot deform-
ities—is required. It is a specialized skill most
often provided by chiropody/podiatry and is need-
ed at this crucial time to prevent additional, more
serious, complications. Because of neuropathy,
foot deformities change over time and require
more frequent screening by a specialist. Footwear
education, evaluation and adjustments are patient
specific and must be ongoing. In Canada, funding
for this specialized care would improve the system
of health-care delivery so patients with diabetes
could be better supported in the community.
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Who and when? The Green and
Yellow Domains

Patients and Care Partners

Individuals, their families and care partners are the

first line of defence for preventing diabetes-related

foot complications. Their individualized, risk-based

plan of care should include:

* Access to education/information about their condi-
tion, risks, supports and resources

 Self-monitoring through daily foot inspections, basic
foot nail and skin care

* Selection and use of appropriate footwear

* |dentification of necessary contacts in the event of a
concerning change

Each time individuals see their health providers,
including their family physician, podiatrist, nurse prac-
titioner or certified diabetes educator, they should ask
or remind these health providers to assess and discuss
their risk level for developing diabetes-related disease
or complications and initiate interventions as necessary.

Screening, assessments and care planning should
begin as soon as they are diagnosed with diabetes
and continue throughout their lives.

The Clinical Team
According to the International Working Group on the

Diabetic Foot, the health providers who should support

individuals at the lower levels of risk include:®

* Primary care practitioners, diabetes educators, diet-
itians and pharmacists for Low Risk (Category O)

* General practitioners, podiatrists, chiropodists, dia-
betes educators, dietitians, pedorthists and orthot-
ists for Moderate Risk (Category 1)

Where this screening takes place is dependent on
available resources across the country. Screening
and primary care are the responsibility of providers
such as family physicians, podiatrists/chiropodists,
nurse practitioners, certified diabetes educators,
dietitians and pharmacists. Some key points for them
to consider include:

* At-risk patients should have foot exams scheduled
according to their risk. A commonly use risk assess-
ment tool is Inlow’s 60-second Foot Screen

* Patients need to set realistic and practical goals
to support a healthy lifestyle to reduce the risk of
developing diabetes-related foot complications

* Socio-economic determinants of health that may be
barriers for the patient should be investigated and
addressed as part of any care plan®

* Professional development for care partners/clinicians
in the areas of skin and wound care should be sup-
ported, as rates of diabetes and diabetes-related
foot complications are on the rise**

Red Domain = Urgent Risk

(Complications)

¢ Person with diabetes with active ulcer/
infection/active Charcot/critical ischemia

* Goal: Deliver timely care to address and
minimize diabetes-related foot complications

Individuals who have an
active foot ulcer, infection,
Charcot neuro-osteoarthrop-
athy, or critical limb-threat-
ening ischemia represent an
urgent issue. In any of these
scenarios, the goal is to elim-
inate or minimize complica-

tions through timely access to
9

specialized care.

Persons with limb- or life-threatening compli-
cations need to involve an interprofessional team,
ideally within 24 hours.?*? In a country as large as
Canada, this can be a challenge for some patients,
particularly for those living in remote or rural com-
munities. A potential solution involves increased edu-
cational programs for both clinicians and patients, as
well as access to virtual wound care hubs.” Ideally,
the need for this level of care can be reduced if the
Pathway is implemented in all regions.

Location of care:
Depending on the urgency of the condition and
availability of wound care services, initial care may
take place in a hospital emergency department or a
foot care centre in which multiple disciplines spe-
cializing in diabetic foot care are assembled. The
team to manage these patients varies but often
includes wound care nurses and physicians, a vas-
cular surgeon, infectious disease specialists, endo-
crinologists and others related to specific patient
comorbidities.?*?>

To address current gaps, policy makers, admin-
istrators and researchers should investigate the
feasibility of establishing multidisciplinary virtual
or physical limb preservation clinics across Canada.
This approach, which has proven successful in other
countries, is a well-established method to enhance

support of limb preservation efforts based on what
is known as the Toe and Flow model.2?” The
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Table 2: Three Levels of Limb Preservation Clinics

Locatlon

Team Members

* Hospital

* Prevention and management
e Advanced assessment and
diagnosis

Intermediate

¢ Podiatric surgeon, vascular
surgeon, diabetologist, diabetes
educator, wound care nurse

Adapted from Rogers and colleagues.?’

presence of more of these clinics in Canada would
facilitate the engagement of all stakeholders work-
ing together in all regions and better address patient
risk factors, including social determinants of health.
Table 2 illustrates the aims, location and personnel
generally present at the different types of limb pres-
ervation clinics.

Orange Domain = Very High Risk

* Individuals with a history of an active foot
ulcer, Charcot foot or critical ischemia

* Goal: Prevent recurrence of ulcer and other
complications

After a DFU is closed,
there is an estimated 40%
recurrence rate within
one year and almost 60%
within three years.> Once
a foot ulcer has closed, the
new tissue is only 75-85%
as strong as the original.*®
These figures remind pro-
viders to consider individ-
uals who have achieved
wound closure as “living in
remission” rather than having a healed wound.?®

A gradual return to pre-ulcer level activities is
recommended.??3° Patient education should focus
on sustaining engagement in diabetes and foot

self-care and implementing strategies to maintain
remission. Strategies should include screening
every 1-3 months, offloading devices, appropriate
footwear, daily foot exams, glycemic control and
healthy nutrition.

Location of care:

Care for patients in the orange domain takes place
at home, in a primary care setting and/or in a spe-
cialized foot care centre.

Policy Support for the Pathway
The Foot Health Pathway highlights upstream

preventative care, timely detection and immediate
intervention for pathology as well as the imple-
mentation of activities to prevent wound deteri-
oration and recurrences. The following elements
must be part of any successful Pathway implemen-
tation plan:

* A vision for health goals based on risks that
support wellness, early intervention and timely
access to appropriate care

* Policies to ensure and guide identification,
screening and risk stratification for foot com-
plications in all individuals living with diabetes

* Policies to guide policy makers, administrators
and researchers on relevant outcomes meas-
urement and data collection, analysis and dis-
semination

* Dolicies to support the implementation of pre-
vention strategies
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* A culture where the development and imple-
mentation of individualized, patient-driven
care plans are the rule, not the exception

Evaluation of this approach should be done
by audits of the services that have adopted the
Quadruple Aim framework’! to inform ongoing
quality improvement.

Who and when?
The Red and Orange Domains

Patients and Care Partners

Patients in the red and orange domains should

continue to perform the activities outlined for the

green and yellow domains. In addition, they should

receive:

* Regular updates about their health status

* Ongoing education about interventions, self-
management, how to identify emergencies and
what to do in an emergency

* Support and encouragement to be involved in care
planning and goal setting

* Emotional and spiritual support

The Clinical Team
Specialists are required to manage the emergencies
of patients described in the red domain. The types of
practitioners are outlined in Table 2.

Once the person is no longer facing an emergency,
primary care providers are well positioned to screen

and educate these patients, who are now in the

orange domain. However, primary care providers do

not generally have the expertise to manage offloading

and footwear recommendations, and they should

be made aware of the resources available in the

community so they can direct patients appropriately

and avoid delay in accessing the right specialist

at the right time.?? Excellence in communication

between specialists and primary care providers is

essential for co-managing these patients, particularly

in rural and remote areas. A co-ordinated, proactive

approach incorporates crucial steps to prevent poor

outcomes, including:

* Ongoing foot inspection

* Early detection

* Immediate action and intervention

* Excellent communication among patients, families
and health providers

* Early referrals to foot and/or wound care specialists

* Patient, family and other care partners’
engagement in foot self-care

Health systems implementing the Foot Health
Pathway will be required to:

e Support preventative practices to reduce the
incidence of DFUs and optimize access to pre-
ventative services

Invest in primary care and community care to
support diabetic foot screening and risk stratifi-
cation

Provide access to high-quality interprofessional
wound care services

Implement standardization in clinical prac-

tice and integrated referral protocols that are
informed by the Quadruple Aim framework
Align human resources for competency-based
care delivery to optimize services

Ensure services support timely and appropriate
access to wound care services and enhance
access to use of innovative health technology
Support value-based and person-centred care
delivery models

Build mechanisms to effectively measure, mon-
itor and evaluate processes and outcomes relat-
ed to the prevention and management of foot
complications

Develop, implement and evaluate awareness
strategies and campaigns informed by the best
available research.*®

Conclusion: The Way Forward
in Canada

To match the success in limb preservation that
has been reported in some European coun-
tries, Australia and Alberta®>?3
approach outlined in this document, we propose
that the Foot Health Pathway be adopted by all
health regions in the Canada. While based on
international evidence and best practice standards,
this pathway can be adapted to fit the needs and
resources of any health jurisdiction and successful-
ly implemented, provided the general principles
are met. As a tool for communicating to individ-

using the holistic

uals, families, health providers, administrators,
policy makers and funders, this pathway provides
a person-centred, population health model based
on risk and early and appropriate interventions.
It outlines a stronger focus on risk screening and
secondary and tertiary prevention using an inte-
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grated team approach that promotes foot health

in people with diabetes. The ultimate goal is to
prevent and/or reduce diabetes-related foot com-
plications, including infection, ulcers, amputations

and death.

Advocacy Efforts
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Useful Resources

For Clinicians

* Inlow’s 60-second Diabetic Foot Screen

* Dépistage du pied diabétique en 60 secondes

* BPR Briefs: Diabetic Foot Ulcers

* Best Practice Recommendations for the
Prevention and Management of Diabetic Foot
Ulcers

* Product Picker: Offloading

* Wound Dressing Selection Guide

For Patients

* Caring for Your Feet: Safe Foot Care if You Have
Diabetes

* Diabetic Foot Complications: When is it an
emergency?

* Wound prevention and treatment: Do it yourself
(DIY) or call in a pro? Neuropathic/Diabetic Foot
Ulcer

* Diabetes, Healthy Feet and You pamphlet
(available in 16 languages)

* Finding the Proper Shoe Fit (available in 16
languages)

* Foot Examinations for People with Diabetes
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Figure 4: Foot Health Pathway for People Living with Diabetes
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