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Abstract

A chronic wound is a non-healing wound (often a complication
of another disease such as diabetes) that cannot complete
the healing process, which is usually interrupted in the
inflammatory stage. One of the most common types of
chronic wounds are diabetic foot ulcers (DFUs), which have
an estimated annual incidence of 6% and a lifetime incidence
of approximately 15%. Most of the products and treatments
available for DFUs are advanced therapeutics, which for
the most part, facilitate the growth of new skin and do not
affect the more difficult factors of wound healing such as
ischemia. With the exception of hyperbaric oxygen therapy
and, possibly, negative pressure wound therapy, both of which
facilitate angiogenesis, the demonstrated efficacy of most
advanced therapeutics is limited to well perfused neuropathic
ulcers among patients with no significant co-morbid diseases.
Thus, their effectiveness among real world patients is
unclear. Up to two-thirds of patients with DFUs can heal
from the implementation of consistent basic care, aggressive
offloading (e.g. total contact casting), revascularization, and
management and control of wound bioburden and infection.
This chapter provides general practitioners with an overview
of DFU wound care and the challenges and factors delaying
healing with an emphasis on the importance of basic wound
care versus advanced therapeutics.

Introduction

Achronicwoundisanon-healingwoundthatcannotcomplete the
healing process, which is often interrupted in the inflammatory
stage. Such wounds often represent complications of another
disease such as venous disease or diabetes. One of the most
common types of chronic wounds are diabetic foot ulcers
(DFUs), which have an estimated annual incidence of 6% and
a lifetime incidence of approximately 15%.12

DFUs are a common complication of diabetes, which is an
increasing global epidemic. In 2011, an estimated 366 million
people worldwide had diabetes, and this number is expected to
increase to 550 million by 2030.3 In 2012, 7.9% of the population
of Israel was estimated to have diabetes, and there were 3,003
deaths attributed to the disease.? The average diabetes-related
expenditure per person with diabetes in Israel was $2,723 in
2012, which leads to a total annual cost of nearly $1.2 billion.3

Among patients with diabetes, a non-healing DFU is the cause
of the majority of lower extremity amputations (LEA). There

are 80,000 LEAs related to diabetes performed each year in
the United States (U.S.).# High rates of morbidity and mortality
are associated with such amputations. The 3-year patient
survival rate after an LEA is only 50%, and 50% of patients
surviving will develop a DFU in the contralateral limb within 5
years following the first amputation. 57

This chapter provides general practitioners with an overview
of DFU wound care and the challenges and factors delaying
healing with an emphasis on the importance of good, basic
wound care versus advanced therapeutics.

DFU Standard of Care

While DFUs represent some of the more difficult chronic
wounds to treat, the primary goal of all chronic wounds
is to heal the ulcer (i.e., full wound closure) as quickly and
efficiently as possible.® The tenets of standard care include:
management of co-morbidities, assessment and treatment of
vascular status, evaluation of quality of life and lifestyle factors,
ulcer assessment and evaluation, tissue management, wound
bed preparation and debridement, and (of most importance to
DFUs) offloading.8

Proper assessment — the patient, the affected foot,
and vascular status

Proper, comprehensive assessment of both the patient and
DFU are the critical initial step to basic wound care. This
involves a physical examination, assessment of patient history,
and appropriate diagnostic procedures with noninvasive
testing recommended for ischemia. When identifying and
diagnosing a DFU, the Wagner classification of DFUs is
often used to grade the severity of the ulcer, which further
guides the treatment (Table 1). It is necessary to assess
the vascular status of the limb, as vascular insufficiency and
poor circulation inhibit healing, with indications that include
an ankle brachial index (ABI) of less than 0.9, toe blood
pressures less than 40 mmHg, or transcutaneous oxygen
measurements (TCOM) with levels less than 30 mmHg. It
should be noted that ABI is the least preferred indicator for
vascular assessment as pressure in the ankle can be high due
to medial arterial calcification and resultant noncompressibility
of the affected arteries. TCOM may be a better indicator for
predicting risk of ulceration as well as predicting successful
wound closure. Skin perfusion pressure (SPP) measurement,
which assesses capillary perfusion, may be even more
reliable than TCOM at predicting amputation and healing >
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failure if the value is less than 30 mmHg. If arterial pulses
are impaired or ischemia is suggested by the evaluation, a
consultation with a vascular surgeon is recommended as
revascularization may be necessary before proceeding with
wound bed preparation and other treatment processes.
Less invasive endovascular techniques with their minimal
complications are preferred, particularly for elderly patients.
Endovascular revascularization may be less durable than
surgical revascularization, but it is associated with significantly
lower morbidity and mortality. Debate continues regarding the
ideal method for revascularization and is dependent on the
extent and location of the occlusion.

Grade/Category

Grade 0 No ulcer present in high risk diabetic foot

Grade | Superficial ulcer that is partial or full
thickness of skin, but does not involve
the underlying tissues

Grade |l Deep ulcer involving the ligaments
and muscle, but does not involve
bone (osteomyelitis) and no abscess
has formed

Grade Il Deep ulcer with abscess/cellulitis
and/or osteomyelitis

Grade IV Localized gangrene of forefoot

Grade V Extensive gangrene of whole foot

Table 1. Wagner Classification of Diabetic Foot Ulcers.?

Infection and Bioburden

Colonization is present in all wounds because all are
contaminated with foreign bodies or bacteria. As bacterial
growth increases, bacterial burden increases, often leading
to overt infection. The definition of "infection" is under re-
evaluation in the context of the DFU. Historically, the presence
of greater than 105 colony forming units of bacteria per gram of
tissue has been considered diagnostic of infection. Clinically, it
has been defined by the presence of at least 2 classic findings
of purulence or inflammation and then classified into mild
(superficial and limited in size and depth), moderate (deeper or
more extensive), or severe (accompanied by systemic signs of
metabolic perturbations).1® However, studies have suggested
that classic signs and symptoms of infection are unreliable
in a chronic wound and that other indicators, such as an
increase in wound size, a change in drainage characteristics,
and friable granulation tissue, are more reliable. Patients with
diabetes have a reduced host response, so visual signs of
infection may not be present, but systemic signs of infection,
such as elevated glucose levels, can occur. Tissue biopsies
are the preferred method of culture since they are required to
obtain quantitative bacterial counts, but they are not a routine
procedure.’r The Infectious Diseases Society of American
Clinical Practice Guidelines for the Diagnosis and Treatment
of Diabetic Foot Infection recommends that after cleaning and

debriding the wound, tissue cultures be obtained by biopsy
or curettage before putting patients on systemic antibiotics.10
If patients are treated with antibiotics before undergoing a
tissue culture, antibiotics may modify the results. Superficial
swab specimens should be avoided. Oral antibiotics are the
recommended treatment for infection, and, although overuse
of antibiotics leads to bacterial resistance, untreated infection
may lead to systemic complications or even death.1011 Some
topical antimicrobial dressings may inhibit healing, but others
may facilitate a useful decrease in bhioburden.191 There is
an increasing trend in the use of topical antibiotics, including
compounded products selected on the basis of bacterial DNA
assay using polymerase chain reaction (PCR). This technique
facilitates the identification of all bacteria participating in a
wound biofilm, including anaerobes and other organisms
which do not grow in culture. Topical antibiotic gels represent
an important trend in DFU management.

Debridement

Debridement is the removal of necrotic tissue, bacteria, and
other foreign bodies from the wound and is the key process of
wound bed preparation. As previously mentioned, healing is
usually interrupted in a chronic wound in the inflammatory stage.
Thus, in addition to the removal of bacterial biofilm, debridement
transforms a chronic wound into an acute wound, stimulating the
release of growth factors needed to facilitate healing.

There are 5 debridement techniques: autolytic, enzymatic,
mechanical, surgical, and biological (also referred to as
larval therapy, which is the least common method). Surgical
debridement (e.g. using a scalpel or curette) is widely considered
the most expeditious technique, although pain and bleeding
are a risk. Many dressings facilitate debridement (autolytic),
and enzymes for debridement are available by prescription.
Mechanical debridement using techniques such as "wet to dry
dressings" has largely fallen out of favor because it is painful
and moist gauze may increase bacterial colonization.

There is no general agreement on the preferred debridement
technique or frequency. Most published clinical guidelines
suggest that the debridement technique used should be
determined by the appearance of the wound and the condition
of the patient (e.g. sharp debridement may be unwise in a
patient on anticoagulants). A direct relationship between
incidence of debridement and healing rate was confirmed
in what is considered the most persuasive study in favor of
debridement, which was a randomized, prospective, double-
blinded trial of platelet-derived growth therapy in DFU.12

Dressings

In 1962, George Winter published a landmark paper
demonstrating that, contrary to conventional wisdom, which
was that wounds should be allowed to dry and form scabs
(eschar), wounds healed faster if kept moist.1® This was
the birth of modern dressing technology and the concept of
moist wound care. Many dressing products are now complex
biomaterials designed to balance moisture in the wound bed.
Some also contain antimicrobials such as silver, which can
decrease bacterial burden and facilitate debridement. Although
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the dressing industry is now a multi-billion dollar enterprise
worldwide, little evidence exists to support one particular product
over another. Dressing selection is based upon the needs of the
wound (e.g. whether it is too moist or too dry) but among DFUs,
ample evidence exists to suggest that the method of offloading
is more important than the specific dressing selected. Many
categories of products are now available including: gauze pads,
transparent films, hydrocolloids, calcium alginates, absorbent
pads and collagen dressings.® Antimicrobial dressings,
including those which are silver impregnated, are believed to
decrease wound bacterial levels and may have an advantage
over topical or systemic antibiotics because of the low likelihood
of bacterial resistance to silver.811 While silver dressings might
help decrease wound bacterial loads, data are unconvincing as
to whether they actually facilitate healing.t

Offloading

Offloading is particularly important to the basic care of DFUs
because of the presence of peripheral neuropathy, resulting
in reduced protective sensation and repeated trauma. An
additional risk factor for DFU is Charcot foot changes. These
are anatomical distortions of the foot caused by diabetic-
related nerve damage and subsequent weakening of the
bones and joints of the foot with eventual bony fractures.
Immobilization and the reduction of pressure by offloading are
essential and can be accomplished with an orthotic walker
(CROW) boot, a DH Walker, or total contact casting (TCC),
the final being considered the "gold standard" for offloading.
Past randomized clinical trials have demonstrated that non-
infected DFUs had better healing rates with TCC, and a follow-
up study confirmed that while the majority of patients healed
more quickly with TCC, it is only safe and effective on ulcers
without infection and other complications.14

Advanced therapeutics

If good, basic care is given to all patients with DFUs, the
majority will heal without advanced treatment. However,
approximately 20% will never heal with standard care alone.
In fact, if the area of the wound has not been reduced by at
least 50% after 4 weeks of standard care, the treatment plan
should be re-evaluated to ensure that co-morbid conditions
and the aforementioned local factors have been addressed.
At that point, advanced therapies should be considered.1> 11
Despite the introduction of advanced therapeutics for DFUs,
the prevalence of chronic wounds and their likelihood of
healing have not changed significantly over the past decades.
Many new or recent treatments available involve cellular and/
or tissue-derived products applied to the wound to introduce
important healing factors which may control inflammation and
initiate tissue granulation, perhaps by normalizing reduced
levels of growth factors. These advanced products include
Regranex®, Apligraf®, and Dermagraft®.

The invention of negative pressure wound therapy (NPWT)
was a significant move forward in the science of wound healing.
These devices work by applying mechanical suction to the bed
of a wound (150 mmHg or more) through a dressing interface.

The negative pressure perturbs integrin bridges between cells,
thus stimulating the release of growth factors and inducing
angiogenesis, as evidenced by the development of granulation
tissue in the wound bed. Management of copious drainage and
the reduction of bacterial levels are also benefits. Faster rates
for healing and increased granulation tissue development
have been found with use of The V.A.C.® (KCI Concepts) as
opposed to basic care.16 In the U.S., many new NPWT devices
are available, using a variety of wound interfaces. While the
development of this technology is perhaps the most important
advance in wound care in the 20th century, the ideal suction
pressure and dressing interface have not been established,
nor is it clear whether all NPWT devices work equally well.

Hyperbaric Oxygen Therapy (HBOT) is an advanced therapy
that can prevent the amputation of limbs with ischemic ulcers in
which revascularization has not restored adequate circulation.
HBOT is recommended for Wagner Il and higher DFUs. HBOT
has been demonstrated to promote angiogenesis, increase
tissue oxygen levels (thus improving wound hypoxia), and
reduce infection. A recent Cochrane review found that HBOT
decreased major amputations (e.g. below or above the knee
amputations), perhaps in exchange for an increase in minor
amputations (e.g. toes).1” Although a series of treatments is
expensive (usually 30 to 40 sessions are required), the cost is
less than that of major amputation. Revascularization should
be performed first if possible, since HBOT is not a substitute
for adequate large vessel flow.18

Factors that affect wound healing

The delay or inability of a chronic wound to heal is usually a
multifactorial problem. Factors inhibiting the healing process
may be local or systemic. Interventions can be best directed
by also evaluating the stage of healing in which the wound
is arrested, as outlined in Table 2. To achieve complete
closure of the wound, there are 2 separate processes that
must be first carried out, angiogenesis and the migration of
skin from the edges of wound. Angiogenesis, also referred to
as neovascularization, is the formation of new blood vessels
(from pre-existing vessels) which fill in the defect in the
wound. Wound closure requires epithelial cell migration over
this bed of granulation tissue. However, epithelial cells can
only migrate from the edges of the wound to cover the wound
bed. An argument for the use of various cellular and/or tissue-
derived products is that they provide directly to the wound
the needed cells and the growth factors they produce (Table
2). Although many new tissue derived products have been
marketed which may improve epithelialization, only HBOT and
NPWT have been demonstrated to improve angiogenesis,
often the most critical process to avoid amputation.

In diabetic wound care, it is very important to take a holistic
approach to the management of the DFU and the associated
factors that delay or prevent wound closure. It necessary
to treat local factors such as infection, manage and treat
causative factors such as ischemia and un-controlled
pressure, and mitigate inhibitory factors such as smoking,
nutrition, and poor diabetes control (Table 2).
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Stage I: Inflammation — Where the chronic wound healing process is usually interrupted, characterized by the removal of bacteria

and foreign bodies and the release of factors needed for cell migration and for angiogenesis during the next phase of proliferation.

] D]

Infection (local): bacterial wound Cleansing,  debridement,
count exceeds critical mass. and exudate management

Systemic  broad-spectrum
antibiotics  directed by
microfloral analyses; topical
antimicrobials.

Wound  colonization  (local): Cleansing, debridement and
colonization of wound by exudate management

bacteria. Topical  antiseptics  for
difficult wounds

Topical antibiotics
Silver-impregnated dressings

Necrotic tissue: defective matrix and Periodic debridement
cell debris impair healing.

Uncontrolled pressure Offloading with CROW boot,

(causative): from  repetiive DH Walker, or (preferred)

stress on wound such as shoe.  total contact casting (TCC)
of non-infected wounds.

Moisture imbalance (inhibitory): Moisture-balanced
moisture slows epithelial cell dressings

migration; excessive fluid causes

wound margin maceration.

All DFUs are initially contaminated
and then are colonized. The criteria for
diagnosing wound infection is evolving
but historically has been defined by a
quantitative culture in which, when the
bacterial count is: 105 colony forming
units per 1 gram of tissue.

Increasing support for the biofilm
concept and possibly PCR
identification of colonizing bacteria.

Evaluate for ischemia first.

Offloading prevents further
trauma allowing healing to occur;
some types of offloading may be
inappropriate (e.g. TCC) if deep
tissue infection is present.

Moisture imbalance is not a phase
or process of wound healing, but
rather, an inhibitor.

Stage 2: Proliferation — Angiogenesis, collagen deposition, formation of granulation tissue, and re-epithelialization begins as
epithelium cover the new tissue on top of wound bed. Prior to closure, angiogenesis must first take place when blood vessels

fill in the defect, followed by migration of the skin from the edges of the wound.

] D]

Ischemia (inhibitory): often dueto Revascularization in the
arterial disease, leads to severe case of peripheral arterial
hypoxia, affects angiogenesis, disease (PAD)

gro_vvth facto_r stimulation, and Hyperbaric oxygen therapy
resistance to infection. (HBOT)

Cell adhesion, migration, HBOT to stimulate PDGF
and proliferation issues (non- receptors and release other
advancing wound): high levels growth factors

of matrikines from high protease Np\WT with V.A.C.TM
levels; problems with fibroblasts.

HBOT is not recommended
for routine wound care;
revascularization, if possible, is a
better long-term solution in the case
of PAD.

Both HBOT and NPWT result in
angiogenesis.

Stage 3: Epithelialization —Wound closure, often considered a separate stage to proliferation. This process overlaps with granulation.

] ]

Defects in epithelial migration Human skin  allografts/
which prevent wound closure. bioengineered skin
products (GammaGraftTM,
OasisTM AlloDermTM,
DermagraftTM ApligrafTM)

Platelet derived growth
factor (PDGF, Becalpermin)

Epithelium can only migrate from
wound edges, so a wound will not
close with impaired migration.
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All Stages: In addition to factors outlined below, miscellaneous factors that can inhibit healing are: malignancy, smoking,

inadequate debridement, toxic products, radiation therapy, and aging.

Diabetes (inhibitory): advanced Proper diabetes management and control

glycation and lipoxidation of

extracellular  matrix  proteins
disrupt function.
Poor nutrition (inhibitory): leads Well-balanced diet

to protein
deficits of many cofactors.

Corticosteroid therapy (inhibitor): Vitamin A therapy
interferes  with

fibroblast proliferation,
collagen synthesis and
degradation, angiogenesis,

wound contraction, and re-
epithelialization.

dysfunction and gxpiore malabsorption syndromes

inflammation, Measures to prevent infection

Leads to protein metabolism
dysfunction and deficits of many
cofactors.

Serum albumin may not be a
satisfactory biomarker of poor
nutrition.

a Hemostasis precedes inflammation and is not always considered a stage of wound healing. During hemostasis, clotting
occurs in the wound bed to prevent loss of blood. The final stage of wound healing is Stage ¢: Remodelling, when complete
closure is achieved with collage remodeled and apoptosis removing unneeded cells.

Table 2. Factors that affect the stagesa of healing and treatments designed to overcome the problems associated with these factors.

Advanced Therapeutics:
Efficacy vs. Effectiveness

The problem with advanced therapeutics is that, although
these products have flooded the wound care market, in daily
practice, their relative value in improving healing rate or
likelihood is unclear.

The International Working Group of the Diabetic Foot
performed a follow-up systematic review in 2012 to their original
2007 review of DFU treatments.® They reviewed 43 articles
published between 2006 and June 2010 that were prospective
and retrospective controlled trials evaluating chronic foot ulcer
treatments in people with Type | and Type Il that were at least
18 years old. They found that, with the exception of HBOT and
NPWT, all trial evidence demonstrated a lack of effect, and
there was no support for the use of advanced therapeutics
over standard care.1®

Randomized controlled trials (RCTs) remain the gold standard for
demonstrating the efficacy of advanced therapeutics. Unfortunately,
all prospective, randomized clinical trials of advanced therapeutics
for wound healing excluded patients with any significant co-
morbid disease, infection or vascular compromise. Thus, their
effectiveness in real-world settings is not clear.

In a recent study, we estimated the percentage of patients with
DFUs, venous ulcers, and pressure ulcers that would have
been excluded from participation in 17 advanced therapeutic
RCTs based on the inclusion and exclusion criteria of each
trial.20 When we analyzed the medical records of 8,611 patients
evaluated at outpatient wound centers in the U.S., we found
that nearly 70% of the patients would have been excluded

in 15 out of the 17 RCTS, before further laboratory analysis
and tests were performed, solely based on their co-morbid
conditions, current medications or surgical history. Only HBOT
RCTs enrolled real-world patients,!8 but further research is still
needed to include a comprehensive health economic analysis
and to define the population most likely to benefit from HBOT.1®

There is research indicating that advanced therapeutics may
be beneficial to select types of wounds. For example, in our
unpublished study of 19,236 wounds from 8,628 patients, we
found that the mean size of wounds treated with advanced
therapeutics versus standard care was 25.8cm3 versus 5.5cms3,
respectively. The means that the healing rates of wounds
treated with advanced therapy (203 days) was much faster
than those treated with standard care (148 days) despite the
fact that the average size of wounds undergoing treatment
with advanced therapeutics was nearly 5 times larger than the
wounds healed with standard care. On average, wounds did
not undergo advanced therapy until after 60 days of standard
care had failed. In other words, advanced therapeutics are often
not implemented until the average wound should have already
healed. Thus, achieving a healing rate of 85.7% with advanced
therapeutics in older and much larger wounds suggests that
these treatments may facilitate closure of particularly difficult-
to-heal wounds. More studies are needed to establish their
comparative effectiveness in daily clinical practice.

Are We Making Progress?

One of the more compelling issues in regard to the use of
advanced therapeutics is that for all their technological variety
and cost, the overall outcome of patients with DFUs remains
unchanged from that recorded 30 years ago. Healing rates,
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DFU prevalence and incidence, and ulcer recurrence have not
significantly decreased since the advent of these adjunctive
therapies. The incidence of LEAs has been reduced, but this
is largely due to improvement in the implementation of basic
wound care. Itis possible that new products are being developed
for the wrong problem. While some of the cellular and/or tissue-
derived products and topical growth factor preparations may
tout their ability to enhance angiogenesis, their clinical trials
were designed only to prove their ability to produce epithelial
coverage of superficial ulcers. Only HBOT and NPWT have
evidence supporting their stimulation of angiogenesis.’® We
suggest that the products which need to be developed are those
which treat ischemia.

Conclusion:

Approximately two-thirds of patients with DFUs can be healed
with revascularization (if needed), aggressive offloading of
pressure, and appropriate management of bioburden and
infection. These are the tenets of standard wound care. While
advanced therapeutics may be helpful to patients with the
most difficult-to-heal wounds, evidence of their effectiveness
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