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Abstract

Optimal treatment of chronic wounds requires first identifying the molecular and cellular abnormalities that prevent a chronic
wound from healing and then correcting them. The principles of wound bed preparation (WBP) embodied in TIME (tissue,
infection, moisture and edge), provide a systemic approach to remove molecular and cellular barriers that prevent wounds from
healing. This article is a concise overview of the molecular and cellular regulation of normal wound healing and practical

applications of methods of WBP to promote healing.
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Introduction

Chronic wounds are a major problem that is
predicted to worsen

It is estimated that 2% of Australians will be affected with
venous ulcers during the course of their lives and 50 per 1000
diabetic patients currently have or have had previous foot
ulcers !. Pressure ulcer prevalence in Australia has been
reported to be 4-15% and is estimated to add close to A$350

million per year to health care costs?.

Similarly, high rates of chronic wounds have been reported in
the United States. For example, it is estimated that there were
over 2 million, and perhaps up to 5 million, chronic wounds
in 1998°. Ulcers resulting from chronic venous stasis disease,
diabetes mellitus, and pressure necrosis accounted for 70% of
chronic wounds, with health care costs annually totalling
approximately US$3 billion *. As the demographics in
Australia and the United States shift toward an aging
population, the incidence and health care costs of chronic

ulcers are expected to increase.

Effective therapies for chronic wounds must correct
the molecular and cellular abnormalities that
prevent healing

To develop clinical treatments that effectively promote healing
of chronic wounds, it is necessary to first understand the
molecular and cellular regulation of acute, healing wounds,
then identify the molecular and cellular abnormalities in
chronic wounds that prevent healing and, finally, use this
knowledge to develop clinical strategies that correct these

abnormalities.
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Molecular and cellular regulation of acute
wound healing

As described in four extensive review articles, acute wounds
progress through four general phases — haemostasis,
inflammation, repair and remodelling (Figure 1) *%. Within
these phases, multiple cytokines, growth factors, proteases
and extracellular matrix components play key roles in
regulating cellular processes, which ultimately produce a

healed wound.

Haemostasis

Haemostasis, the first phase of acute wound healing, involves
three major processes that influence healing — haemostasis,
formation of provisional wound matrix and platelet
degranulation. The coagulation cascade converts soluble
fibrinogen into an insoluble fibrin clot that fills the injured
tissue defect and entraps red blood cells. Besides tamponading
bleeding, the fibrin-rich clot serves as the provisional wound
matrix, which provides the scaffold for migration of cells

adjacent to the injury.

Platelets entrapped in the fibrin clot release the contents of
their granules, which contain large amounts of multiple
growth factors, including platelet-derived growth factor
(PDGF), insulin-like growth factor-1 (IGF-1), epidermal
growth factor (EGF), basic fibroblast growth factor (bFGF),
and transforming growth factor-8 (TGF-B). Release of these
pre-formed growth factors into the wound stimulates the
migration and proliferation of inflammatory cells as well as
fibroblasts, epidermal cells and vascular endothelial cells

adjacent to the injury®.

Inflammation

The inflammatory phase of normal healing lasts only a few

days. Polymorphonuclear leukocytes (PMNs) and macrophages

Figure 1.

are initially recruited into the wound through the influence of
coagulation and complement factors such as C3b and C5a
and then are regulated by chemokine and cytokine activities.
Chemokines (a contraction of chemo-attractive cytokines) are
also involved in the recruitment and activation of neutrophils,
lymphocytes, macrophages, eosinophils and basophils during
the inflammatory phase. Within 24 hours, large numbers of
neutrophils are drawn to the wound site, followed by
activated macrophages. The inflammatory cells secrete
proteases that remove damaged and denatured extracellular
matrix molecules, engulf and kill bacteria and secrete reactive
oxygen species that help to sterilise the wound ®.

Repair

The repair phase emerges as the inflammatory phase declines
and lasts several weeks, until the epidermal layer has closed
the wound ¢. Cells in ischaemic regions of the injury begin
secreting angiogenic factors such as vascular endothelial cell
growth factor (VEGF), which stimulates vascular endothelial
cells to migrate, proliferate and form new capillaries. With
adequate oxygen and nutrients, fibroblasts and epidermal
cells respond to growth factors such as PDGF, TGF-8 and
connective tissue growth factor (CTGF) and begin synthesising
new collagen, proteoglycans and other components of

granulation tissue.

Some fibroblasts are stimulated by TGF-8, CTGF and PDGF
to synthesise large amounts of the specialised contractile
protein, alpha smooth muscle actin, and differentiate into
myofibroblasts that contract the initial scar tissue. Both the
duration and location of synthesis of matrix metalloproteinases
(MMPs) and other types of proteases are tightly controlled
during healing. For example, during angiogenesis, vascular
endothelial cells secrete MMPs that break down the basement
membrane surrounding capillaries, thus enabling endothelial
cells to migrate and form new capillaries. MMPs are secreted
by the leading edge of migrating epidermal cells and by
myofibroblasts as they migrate and contract matrix.
Experiments with cultured cells, animals and human
volunteers have shown that inhibiting MMPs dramatically
reduce angiogensis, epidermal regeneration and matrix
contraction’. Thus, MMPs play important roles in multiple

processes of repair.

Remodelling

The remodelling phase begins after wound closure and lasts
for months 7. It is characterised by decreased fibroblast
density, reduced metabolic activity of wound cells, and

reduced numbers of capillaries and glycosaminoglycans and

Primary Intention

Vol.11 No. 4 November 2003



Chin C, Schultz G, Stacey M et al.

Principles of wound bed preparation

reflected clinically by less scar erythema and oedema. Net
collagen content of the scar only slightly decreases, but
wound tensile strength is enhanced due to increased covalent
cross-links between collagen fibres and by reorganisation of
collagen fibres into a tighter network. MMPs secreted by
fibroblasts in the scar play key roles in remodelling the

extracellular matrix.

Molecular and cellular abnormalities of chronic
wounds

All chronic wounds start as acute wounds, but their
progression to complete healing is interrupted due to such
conditions as repeated ischaemia, pressure necrosis, infection
or metabolic disorders such as diabetes mellitus and chronic
renal insufficiency. Since chemokines, cytokines, growth
factors and proteases play key roles in regulating acute
wound healing, it is reasonable to hypothesise that alterations
in the actions of these molecules could contribute to the

failure of wounds to heal normally.

A corollary to this hypothesis is that treatments that correct
these molecular and cellular abnormalities would promote
healing of chronic wounds. A major concept that emerged
from analyses of acute and chronic wound fluids was that
levels of pro-inflammatory cytokines were highly elevated in
chronic wound fluids compared to acute wound fluids. For
example, Trengove and colleagues reported high levels of the
inflammatory cytokines TNFa, IL-1, IL-6, and IL-8 in fluids
collected from venous ulcers of patients admitted to the
hospital .  More importantly, levels of the cytokines
significantly decreased in fluids collected two weeks after the

chronic ulcers had begun to heal.

Harris and colleagues also found cytokine levels were
generally higher in wound fluids from non-healing ulcers
than healing ulcers . These data suggest that chronic
wounds typically have elevated levels of pro-inflammatory
cytokines, and that the molecular environment changes to a
less pro-inflammatory cytokine environment as chronic

wounds begin to heal with conventional treatment.

A second important concept that emerged from wound fluid
analyses was that protease activities were highly elevated in
chronic wounds compared to acute wounds * '* .  For
example, the average level of general MMP activity in
mastectomy fluids was very low (0.75ug MMP/ml) . In
contrast, the average level of general MMP activity in chronic
wound fluids was significantly higher than in acute wound
fluids from mastectomy patients by approximately 80-fold
(60pg collagenase equivalents/ml in acute fluids).

More importantly, Trengove and colleagues reported the
decrease in protease activity levels in chronic venous ulcers 2
weeks after the ulcers had begun to heal, a trend that was also
reflected in the proinflammatory cytokine levels . Yager and
colleagues also found 10-fold higher levels of MMP-2 protein,
25-fold higher levels of MMP-9 protein, and 10-fold higher
MMP-1 activity in fluids from pressure ulcers compared to
fluids from healing, acute surgical wounds . TIMP-1 levels
were decreased while MMP-2 and MMP-9 levels were
increased in fluids from chronic venous ulcers compared to
mastectomy wound fluids . Recently, Ladwig and colleagues
reported that the ratio of active MMP-9/TIMP-1 was closely
correlated with healing outcome of pressure ulcers treated by

a variety of protocols".

Other classes of proteases also appear to be elevated in chronic
wound fluids. Fluids from skin graft donor sites or breast
surgery patients had intact al-antitrypsin, a potent inhibitor
of serine proteases, had very low levels of neutrophil elastase
activity, and contained intact fibronectin . In contrast, fluids
from the chronic venous ulcers contained degraded
al-antitrypsin, 40-fold higher levels of neutrophil elastase
activity and degraded fibronectin. Chronic leg ulcers also
contained elevated MMP-2 and MMP-9, and fibronectin
degradation in chronic wounds was dependent on the relative

levelsofelastase, al-proteinaseinhibitor,and a2-macroglobulin

19,20

Besides being implicated in degrading essential extracellular
matrix components like fibronectin, proteases in chronic
wound fluids were also reported to degrade exogenous
growth factors in vitro such as EGF, TGF-a, or PDGF & #2122,
In contrast, exogenous growth factors were stable in acute
surgical wound fluids in vitro. Furthermore, levels of some
growth factors such as EGF, TGF-a, PDGF and TGF-8 were
found to be lower in chronic wound fluids than in acute

wound fluids?"23.

A third major concept to emerge from analysis of wound
fluids was that the molecular environments of chronic wounds
havereduced mitogenicactivity compared to the environments
of acute wounds . Fluids collected from acute mastectomy
wounds, when added to cultures of normal human skin
fibroblasts, keratinocytes or vascular endothelial cells,
consistently stimulated DNA synthesis of the cultured cells.
In contrast, addition of fluids collected from chronic leg
ulcers typically did not stimulate DNA synthesis of the cells
in culture. Also, when acute and chronic wound fluids were

combined, the mitotic activity of acute wound fluids was

Primary Intention

Vol.11 No. 4 November 2003



Chin C, Schultz G, Stacey M et al.

Principles of wound bed preparvation

inhibited. Similar results were reported by several groups of
investigators who also found that acute wound fluids
promoted DNA synthesis while chronic wound fluids did not

stimulate cell proliferation ™ %,

Finally, assessments of cells from chronic wounds indicate
that the ability of the cells to respond to growth factors is
often impaired. For example, fibroblasts cultured from
chronic ulcers, venous ulcers which have failed to heal for
many years, did not proliferate well in response to growth
factors, whereas as fibroblasts from healing wounds or
uninjured skin proliferated strongly when growth factors
were added to the culture medium *. This premature
senescence of cells in the base of some chronic wounds
indicates that cellular abnormalities may contribute to the
failure of some chronic wounds to respond to conventional

therapies.

In general, these results suggest that many chronic wounds
contain elevated levels of inflammatory cytokines and
proteases (MMPs and neutrophil elastase), which cause
reduced levels of active growth factors, receptors and intact

extracellular matrix (ECM) proteins. These molecular

alterations, combined with premature senescence of some
wound cells, appear to directly contribute to the failure of
wounds to heal. Thus, chronic wounds fail to heal because
the molecular and cellular environment is out of balance with

the conditions in acute healing wounds (Figure 2).
Figure 2. Comparison of the molecular and cellular
environments of healing and chronic wounds.
Healing wounds are characterised by low levels
of inflammatory cytokines and proteases but
high levels of mitogenic activity and mitotically
competent cells.

Chronic wounds are characterised by the reverse
pattern, with high levels of inflammatory
cytokines and proteases, low levels of mitogenic
activity and senescent cells.

Modified from Schultz & Mast in Wounds, suppl F, 1998.

Healing Wounds:
Low Inflammatory Cytokines
Low Proteases
High Mitogenic Activity
Mitotically Competent Cells

Chronic Wounds:
High Inflammatory Cytokines

High Proteases
Low Mitogenic Activity
Senescent Cells

Wound bed preparation (WBP):

removing the barriers to healing

Optimal care of chronic wounds should be based on the
concept of correcting the molecular and cellular barriers that
preventhealing. This concepthas formalised into the principles
of wound bed preparation (WBP), which is the management
of a wound to promote endogenous healing or to facilitate the

effectiveness of other therapeutic measures =

These four fundamental principles are summarised by the
acronym TIME (Table 1):

e Tissue: removal of non-viable tissue or replacement of

deficient tissue.
e Control of infection or inflammation.

e Moisture imbalance: correction of excessive moisture and

prevention of dessication.

¢ Revision of the edge of wound to stimulate healing.

Wound care has progressed significantly beyond the dictum,
“if it's wet, dry it and, if it’s dry, wet it”. WBP evolved by
combining basic principles of good standard wound care and
an improved understanding of the molecular and cellular
abnormalities that prevent chronic wounds from healing.
Applying the concepts of WBP helps to correct specific
molecular and cellular differences between acute and chronic
wounds, such as high proinflammatory cytokine levels,
elevated matrix metalloproteinase levels, low growth factor
activities, abnormal matrix and senescent wound cells. The
four principles encompass many currently recommended
clinical actions, but the key is to understand how the
integrated actions alter the molecular and cellular profiles in

chronic wounds and result in healing.

Tissue: non-viable or deficient

The first step of wound care is evaluation of the wound bed
for the presence of necrotic tissue or slough/fibrinous
material. Necrotic tissue consists of dead cells and their
debris. In contrast, slough or fibrinous material consists of
fibrin, pus and proteinaceous material. The accumulation of
necrotic tissue or slough in a chronic wound is thought to
promote bacterial colonisation by providing a rich growth

medium, which prevents complete wound closure.

The term ‘necrotic burden” was recently proposed by Falanga
and colleagues * to describe necrotic tissue, excess exudate
and high levels of bacteria present within dead tissue.
Accumulation of necrotic burden in chronic wounds is
generally accepted to prolong the inflammatory response,

mechanically obstruct wound contraction and impede
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Table 1

CLINICAL
OBSERVATIONS

TISSUE
NON-VIABLE
OR
DEFICIENT

INFECTION
OR
INFLAMMATION

MOISTURE
IMBALANCE

Principles of WBP.

PROPOSED
PATHOPHYSIOLOGY

Defective matrix and
cell debris impair
healing

High bacterial counts or
prolonged inflammation
4 inflammatory cytokines
4 protease activity

v growth factor activity

Desiccation slows
epothelial cell migration

excessive fluid causes
maceration of wound

WBP CLINICAL
ACTIONS

Debridement (episodic

or continuous)

autolytic, sharp surgical,
enzymatic, mechanical
or biological
biological agents

remove infected foci
Topical/systemic
antimicrobials
anti-inflammatories
protease inhibition

Apply moisture balancing
dressings

Compression, negative
pressure or other methods

EFFECT OF WBP
ACTIONS

Restoration of wound
base and functional
extra-cellular matric
proteins

Low bacterial counts or
controlled inflammation
v inflammatory cytokines
w protease activity
 growth factor activity

Restored ephithelial cell
migration, desiccation
avoided

Oedema, excessive fluid
controlled, macreration

CLINICAL
OUTCOME

Viable wound base

Bacterial balance and
reduced inflammation

Moisture balance

margin

EDGE OF
WOUND-NON
ADVANCING OR
UNDERMINED

Non migrating
keratinocytes
therapies

cells and abnormalities in

abnormal protease activity

re-epithelialisation. Prolonged inflammation causes greater
numbers of neutrophils, mast cells and macrophages to enter
the wound and remain there for much longer periods of time
than in acute healing wounds. The inflammatory cells
attempt to phagocytise the necrotic tissue and release
proteases, superoxide anions and proinflammatory cytokines,
such as TNF-o and IL-188 which perpetuate the inflammatory
phase. The products of the inflammatory cells degrade
growth factors, receptors and ECM proteins that are necessary

for healing.

In addition, debridement of necrotic tissue, slough or foreign
material helps to reduce the number of microbes, toxins and
other substances that reduce host immune defenses, thereby
encouraging active infection to occur®. Choice of debridement
method (surgical or sharp, autolytic, enzymatic, mechanical
and biosurgery) depends on many factors including wound
size and position, the type of wound, efficiency and selectivity
of debridement method, pain management, exudate levels,

risk of infection and cost of the procedure?'.

of removing fluid

Re-assess cause or
consider corrective

Non responsive wound ® debridement
e skin grafts
extra cellular matrix or ® biological agents
e adjunctive therapies

avoided

Migrating keratinocytes
and responsive wound
cells. Restoration of
appropriate protease
profile

Advancing edge of
wound

In the case of non-healing chronic wounds, it may be more
appropriate to perform regular or even continuous
debridement rather than a single debridement at the initiation
of wound care. Steed and colleagues * reported that healing
of chronic diabetic foot ulcers was significantly increased
with the frequency of debridement. The goal of WBP is to
restore the wound base and functional ECM proteins that are

necessary for healing to progress.

Infection or inflammation

All open wounds contain bacteria. It is the interaction of the
bacteria with the host that determines the bacteria’s influence
on wound healing®. The relative number of microorganisms,
their pathogenicity, in combination with host’s response,
dictate whether a chronic wound becomes infected or only

shows signs of delayed healing.

Bacterial levels in the wound bed
Bacterial levels in the wound bed can be categorised as
contamination, colonisation and critical colonisation, local

infection, or spreading infection. Contamination is defined as

Primary Intention

Vol.11 No. 4 November 2003



Chin C, Schultz G, Stacey M et al.

Principles of wound bed preparation

the presence of non-replicating microorganisms within a

wound and does not impair healing.

Colonisation is defined as replicating microorganisms that
adhere to the wound surface, but colonisation does not cause
cellular damage to the host, and therefore does not impair
healing. Critical colonisation describes the situation in which
the bacterial burden in the wound is intermediate between
the categories of colonisation and infection. Critically
colonised wounds do not heal (or are very slow to heal), but
do not exhibit the classic signs of infection such as erythema,
warmth, swelling, pain and loss of function®. Treatment of
critically colonised wounds typically includes topical
antiseptic agents such as the sustained release antimicrobials,

cadexomer iodine or nanocrystalline silver dressings.

In contrast to critically colonised wounds, typical clinical signs
and symptoms of locally infected wounds are delayed healing,
pain/tenderness, increased serous exudate, change in colour of
the wound bed, friable, absent or abnormal granulation tissue,
pus and odour * ¥, Similar to critically colonised wounds,

topical antiseptics are used to treat locally infected wounds.

Spreading infections that extend beyond the wound margins
(e.g. cellulites and ascending lymphangitis) require systemic

antibiotics, often in combination with topical antiseptics.

Factors that are known to affect the bacterial burden in
chronic wounds include the number and types of
microorganisms present in the wound, their virulence and
host factors. The number of bacteria that impede healing of
open wounds is controversial, with studies showing either
impaired or no impaired healing with greater than 1x105

organisms per gram of tissue 2 3 %,

The type and pathogenicity of the organisms, rather than the
simple number of microorganisms in a wound, is a better
determinate of the risk of infection. For example, the isolation
of any highly virulent beta haemolytic streptococci from a
chronic wound should be considered highly significant, and
appropriate treatment should be initiated . Most chronic
wounds are usually colonised with at least three species of
microorganisms " #. Some combinations of bacterial species
synergistically enhance the virulence of previously non-

virulent organisms, resulting in damage to the host *%.
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Another important component of infections is the generation
of a biofilm, which may contribute to delayed healing in
chronic wounds. When some bacteria proliferate, they form
micro colonies that become attached to the wound bed and
secrete a glycocalyx, or biofilm, that helps to protect the
microorganisms from antimicrobial agents*. Organisms may
exist as clusters of individual bacterial types or as mixed
bacterial colonies. The periodic release of motile bacteria
from these colonies may result in infection. These bacterial
colonies can undergo several changes, expressing different
genes, which may then alter the antimicrobial sensitivity of
the organism. Thus, biofilms may harbour bacteria that are
resistant to the effects of antimicrobial agents, such as
antibiotics and antiseptics, and contribute to delayed
healing.

Cadexomer iodine is an antimicrobial which absorbs wound
exudate and provides sustained release of iodine in the
wound bed ¥. Cadexomer iodine has also demonstrated
efficacy in vivo against Staphylococcus aureus and methicillin-
resistant S. aureus (MRSA) *. Because of the non-specific
actions of antiseptics on cells, there has been some concern
that use of topical antiseptics such as cadexomer iodine could
have deleterious effects on wound healing. The evidence
from nine clinical trials comparing the effects of cadexomer
iodine with other forms of treatments on chronic ulcers have
shown enhanced healing along with decreased pus, debris,
pain and erythema®.

Nanocrystalline silver dressings, such as Acticoat®, are
comprised of a silver-coated, high density polyethylene mesh
with an absorptive gauze core, which slowly releases silver
into the dressing and maintain an effective antimicrobial
barrier for up to 7 days. Nanocrystalline silver has been
shown to be effective against a broad spectrum of bacterial
strains in vitro, including MRSA and vancomycin-resistant
Enterococcus. Silver ions have been used in the past in the
form of silver sulfadiazine (AgSD) cream. Bishop and
colleagues ¥ found a statistically significant reduction in
chronic venous ulcers treated with AgSD compared to
controls. A similar finding was observed by Kucan and
colleagues® for the treatment of pressure ulcers.

Moisture imbalance

Optimal wound healing occurs in a moist environment.
Excessive fluid can cause maceration of wound margin and
surrounding skin, making it more susceptible to shear forces. At
the other extreme of moisture imbalance, desiccation of wounds
slows epidermal regeneration by slowing migration of epithelial
cells. Thus, obtaining the right moisture balance in the wound
isnecessary to facilitate healing. This is achieved most commonly
by utilising an appropriate dressing that either absorbs excess
fluid or increases hydration of the wound.

In addition to the local wound treatment dressing, it is also
important to address fluid in the surrounding tissues. For
example, lower extremity compression is needed to reduce
peripheral oedema in chronic venous stasis disease.

Traditional wound dressings mainly serve to cover wounds
and establish the proper level of hydration by either absorbing
excess wound exudate or increasing moisture levels in the
wound environment. Such dressings do not actively alter the
wound molecular environment by releasing specific molecules
into the wound or selectively absorbing molecules from the
wound environment.

Traditional dressings that absorb fluids can be categorised as
low, medium and high capacity. Low fluid capacity dressings
include hydrocolloid dressings (e.g. Duoderm®). Moderate
fluid capacity dressings include foam dressings (e.g. Allevyn®),
and high capacity dressings include alginates (e.g. Kaltostat®).
Gauze pads moistened with normal saline can absorb small
amounts of wound fluid, but are not effective dressings for
maintaining a moist environment in a clean wound because
of the tendency to dry before the next dressing change. As a
result, there is a high risk of traumatically removing superficial
granulation tissue during dressing changes.

Thin film dressings (e.g. Opsite®) are usually permeable to
gas and water vapour but are impermeable to water and
microorganisms. They are useful for clean wounds with no
substantial exudate. For dry wounds (or very low exudative
wounds) hydrogels (e.g. Aquacel®) help to maintain a moist
environment due to their high water content (70-90%).

Recently, dressing technology has shifted from establishing
an optimal moisture balance in wounds to correcting specific
molecular abnormalities identified in chronic wound fluids.
Specifically, a dressing consisting of collagen and oxidised
regenerated cellulose (Promogran®) was developed that
reduced protease activities in chronic wound fluids in
laboratory assays *. The collagen-containing dressing also
reduced degradation of PDGF added to chronic wound fluid
in vitro®. Randomised clinical trials demonstrated a strong
trend for improved healing in diabetic foot ulcers treated with
the active dressing compared to moistened gauze with a
secondary dressing *2.

Edge of wound: non-advancing or undermined

Chronic wounds often develop static or slowly advancing
epidermal margins. Abnormalities in cells at the edge and
base of the wound, as well as alterations in the extracellular
matrix, have been linked to the failure of cells to properly
proliferate and migrate. For example, cultures of fibroblasts
established from the edge or base of chronic venous ulcers
proliferated poorly in response to serum or specific growth
factors (PDGF-BB, EGF or bFGF) when compared to fibroblasts
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cultured from normal dermis or acute wounds % .
Furthermore, fluids from chronic venous ulcers induced
senescence in cultures of normal neonatal foreskin fibroblasts,
indicating that factor(s) present in chronic wound fluids
could adversely impact the capacity of normal fibroblasts to

proliferate and heal wounds*.

Histological analyses of biopsies taken from the edge of
chronic venous ulcers revealed epidermal cells were in a
heightened proliferative state with delayed keratinisation. In
addition, the epidermal basement membrane at the wound
edge was disrupted and lacked type IV basement membrane
collagen, which is necessary for epithelial cell attachment and
migration *. Thus, stimulating the edge of some wounds to
advance requires correcting multiple factors in the wound,
including proper debridement, inflammation and moisture

balance.

Undermining at the wound edge, which occurs primarily in
diabetic ulcers and pressure ulcers, also impairs healing. In
diabetic ulcers with callous and overhanging tissue, a typical
approach is to debride the edge of the ulcer to bleeding tissue
and ensure that infection/inflammation is controlled and that
moisture balance is established with the appropriate

dressing.

If the diabetic ulcer does not respond to treatments based
upon the principles of TIME, an advanced therapy that can be
considered is topical treatment with PDGF (Regranex®). In
four studies with a total of 922 patients with non-healing
lower extremity diabetic ulcers of at least 8 weeks” duration,
topical PDGF treatment showed a 39% increase in complete
healing compared with that of the placebo gel treatment
group (50% vs 36%, respectively, p=0.007)¥. The effectiveness
of PDGF was significantly increased with the frequency of

debridement 3.

Another advanced therapy for diabetic ulcers that is under
evaluation is the use of the metalloproteinase protease inhibitor,
doxycycline. Doxycycline directly inhibits MMPs and the
TNF-a converting enzyme (TACE), and indirectly inhibits
elastase by preventing degradation of alpha-1 protease inhibitor
by MMPs. It also selectively reduces synthesis of nitric oxide
synthase, thereby reducing levels of nitric oxide. In a pilot
randomised control study, daily treatment with topical
doxycycline improved healing of chronic diabetic foot ulcers,
perhaps by altering the molecular environment of the chronic

wounds toward an acute healing wound *.

In pressure ulcers with an extensive shelf of tissue and large

undermined areas, several treatment strategies can be

considered. In a clean wound, a vacuum assisted dressing
can be used alone to reduce the ulcer volume until it can be
closed surgically or treated with appropriate dressings.
Critically colonised or infected wounds should not be treated
with a vacuum assisted dressing until the infection is

eliminated.

Chronic venous stasis ulcers are usually superficial, and
include a hyperproliferative, non-advancing epidermal
margin. Treatment typically consists of debridement of the
wound edge and compression combined with an appropriate
dressing to establish proper moisture balance. When the
ulcer slows or stops healing even though treatments based on
the principles of TIME WBP have been applied, advanced
therapies such as autogenous split thickness skin graft or
bioengineered skin substitutes (e.g. Apligaf®, Dermagraft®,

Integra®) can be applied .

Future directions for the treatment of
chronic wounds

Optimal application of the TIME principles of WBP to chronic
wounds should be based on rapid and accurate assessment of
key diagnostic, cellular and molecular aspects of the wound
environment that need to be corrected, and determine when
the intervention was successful. Development of a diagnostic
test strip that can sample the wound environment and
identify specific molecular abnormalities would greatly assist
in applying TIME correctly. These test strips would alert the
health care provider of abnormal cytokine and protease levels
so that inhibitors of inflammatory cytokines, such as IL-10, or
MMP inhibitors, such as doxycycline, could be added to alter
the molecular environment into an acute healing wound.
Eventually, these diagnostic test strips and treatment
interventions (inhibitors of proinflammatory cytokines and
MMPs, and addition of growth factors) would be readily
available at the bedside, in wound centres, and in physicians’
offices so that immediate diagnosis and treatment can be

efficiently provided.

Currently, advanced therapies such as the addition of growth
factors, protease inhibitors and active dressings are used
alone when healing slows or stops. Combinations of the
advanced therapies may have synergisticeffects. Alternatively,
applying advanced therapies sequentially may improve

healing as the wound progresses from one phase to the next.

In summary, the application of principles of TIME to remove the
barriers to healing combined with advanced therapies provides

more effective resources to heal wounds than ever before.

Primary Intention

Vol.11 No. 4 November 2003



Chin C, Schultz G, Stacey M et al.

Principles of wound bed preparation

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Kruger AJ, Raptis S & Fitridge RA. Management practices of Australian
surgeons in the treatment of venous ulcers. Australian & New Zealand
Journal of Surgery 2003; 73:687-691.

Pearson A, Francis K, Hodgkinson B & Curry G. Prevalence and treatment
of pressure ulcers in northern New South Wales. Australian Journal of
Rural Health 2000; 8:103-110.

Tonnesen MG, Feng X & Clark RA. Angiogenesis in wound healing. The
Journal of Investigative Dermatology, Symposium Proceedings 2000; 5:40-
46.

Nwomeh BC, Yager DR & Cohen IK. Physiology of the chronic wound.
Clinics in Plastic Surgery 1998; 25:341-356.

Bennett, Neil T & Schultz GS. Growth factors and wound healing:
biochemical properties of growth factors and their receptors. The
American Journal of Surgery 1993; 165 [June]:728-737.

Bennett, Neil T & Schultz GS. Growth factors and wound healing: Part II.
Role in normal and chronic wound healing. The American Journal of
Surgery 1993; 166 [July]:74-81..

Schultz GS. Molecular Regulation of Wound Healing. In: Bryant RE (Ed).
Acute and Chronic Wounds: Nursing Management. Philadelphia: Mosby,
2000, p.413-29.

Lawrence WT. Physiology of the acute wound. Clinics in Plastic Surgery
1998; 25:321-340.

Agren MS, Mirastschijski U, Karlsmark T & Saarialho-Kere UK. Topical
synthetic inhibitor of matrix metalloproteinases delays epidermal regeneration
of human wounds. Experimental Dermatology 2001; 10:337-348.

Trengove NJ, Bielefeldt-Ohmann H & Stacey MC. Mitogenic activity and
cytokine levels in non-healing and healing chronic leg ulcers. Wound
Repair & Regeneration 2000; 8:13-25.

Harris IR, Yee KC, Walters CE, Cunliffe W], Kearney JN, Wood EJ &
Ingham E. Cytokine and protease levels in healing and non-healing
chronic venous leg ulcers. Experimental Dermatology 1995; 4:342-349.

Mast BA & Schultz GS. Interactions of cytokines, growth factors and
proteases in acute and chronic wounds. Wound Repair & Regeneration
1996; 4:411-420.

Yager DR & Nwomeh BC. The proteolytic environment of chronic
wounds. Wound Repair & Regeneration 1999; 7:433-441.

Trengove NJ, Stacey MC, Macauley S, Bennett N, Gibson J, Burslem F,
Murphy G & Schultz G. Analysis of the acute and chronic wound
environments: the role of proteases and their inhibitors. Wound Repair &
Regeneration 1999; 7:442-452.

Yager DR, Zhang LY, Liang HX, Diegelmann RF & Cohen IK. Wound
fluids fromhuman pressure ulcers contain elevated matrix metalloproteinase
levels and activity compared to surgical wound fluids. The Journal of
Investigative Dermatology 1996; 107:743-748.

Bullen EC, Longaker MT, Updike DL, Benton R, Ladin D & Hou Z. Tissue
inhibitor of metalloproteinases-1 is decreased and activated gelatinases are
increased in chronic wounds. The Journal of Investigative Dermatology
1995; 104:236-240.

Ladwig GP, Robson MC, Liu R, Kuhn MA, Muir DF & Schultz GS. Ratios
of activated matrix metalloproteinase-9 to tissue inhibitor of matrix
metalloproteinase-1 in wound fluids are inversely correlated with healing
of pressure ulcers. Wound Repair & Regeneration 2002; 10:26-37.

Rao CN, Ladin DA, Liu YY, Chilukuri K, Hou ZZ & Woodley DT. Alpha
l-antitrypsin is degraded and non-functional in chronic wounds but intact
and functional in acute wounds: the inhibitor protects fibronectin from
degradation by chronic wound fluid enzymes. The Journal of Investigative
Dermatology 1995; 105:572-578.

Wysocki AB, Staiano-Coico L & Grinnell E. Wound fluid from chronic leg
ulcers contains elevated levels of metalloproteinases MMP-2 and MMP-9.
The Journal of Investigative Dermatology 1993; 101:64-68.

20.

21.

23.

24.

25.

26.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Grinnel F & Zhu M. Fibronectin degradation in chronic wounds depends
on therelativelevels of elastase, al-proteinase inhibitor and a2-macroglbulin.
The Journal of Investigative Dermatology 1996; 106:335-341.

Tarnuzzer RW & Schultz GS. Biochemical analysis of acute and chronic
wound environments. Wound Repair & Regeneration 1996; 4:321-325.

Yager DR, Chen SM, Ward SI, Olutoye OO, Diegelmann RF & Cohen IK.
Ability of chronic wound fluids to degrade peptide growth factors is
associated with increased levels of elastase activity and diminished levels
of proteinase inhibitors. Wound Repair & Regeneration 1997; 5:23-32.

Baker EA & Leaper DJ. Proteinases, their inhibitors and cytokine profiles
in acute wound fluid. Wound Repair & Regeneration 2000; 8:392-398.

Bucalo B, Eaglstein WH & Falanga V. Inhibition of cell proliferation by
chronic wound fluid. Wound Repair & Regeneration 1993; 1:181-186.

Katz MH, Alvarez AF, Kirsner RS, Eaglstein WH & Falanga V. Human
wound fluid from acute wounds stimulates fibroblast and endothelial cell
growth. Journal of the American Academy of Dermatology 1991; 25:1054-
1058.

Agren MS, Eaglstein WH, Ferguson MW, Harding KG, Moore K, Saarialho-
Kere UK & Schultz GS. Causes and effects of the chronic inflammation in
venous leg ulcers. ACTA Dermato-Venereologica. Supplementum
(Stockholm) 2000; 210:3-17.

. Schultz GS, Sibbald RG, Falanga V, Ayello EA, Dowsett C, Harding K,

Romanelli M, Stacey MC, Teot L & Vanscheidt W. Wound bed preparation:
a systematic approach to wound management. Wound Repair &

Regeneration 2003;11 Suppl 1:51-528.

Enoch S & Harding K. Wound bed preparation: the science behind the
removal of barriers to healing. Wounds 2003; 15(7):213-229.

Sibbald RG, Williamson D, Orsted HL, Campbell K, Keast D, Krasner D &
Sibbald D. Preparing the wound bed: debridement, bacterial balance and
moisture balance. Ostomy Wound Management 2000; 46:14-8, 30.

Falanga V. Classifications for wound bed preparation and stimulation of
chronic wounds. Wound Repair & Regeneration 2000; 8:347-352.

Sibbald RG, Williamson D, Orsted HL, Campbell K, Keast D, Krasner D &
Sibbald D. Preparing the wound bed: debridement, bacterial balance and
moisture balance. Ostomy Wound Management 2000; 46:14-35.

Falanga V. Wound bed preparation and the role of enzymes: a case for
multiple actions of therapeutic agents. Wounds 2002; 14(2):47-57.

Fowler E & van Rijswijk L. Using wound debridement to help achieve the
goals of care. Ostomy Wound Management 1995; 41(7A):23S-35S5.

Steed DL, Donohoe D, Webster MW & Lindsley L. Effect of extensive
debridement and treatment on the healing of diabetic foot ulcers. Diabetic
Ulcer Study Group. Journal of the American College of Surgery 1996;
183:61-64.

Kerstein MD. Wound infection: assessment and management. Wounds
1996; 8:141-144.

Gardner SE, Frantz RA & Doebbeling BN. The validity of the clinical signs
and symptoms used to identify localized chronic wound infection. Wound
Repair & Regeneration 2001; 9:178-186.

Cutting KF & Harding KG. Criteria for identifying wound infection.
Journal of Wound Care 1994; 3(4):198-201.

Dow G, Browne A & Sibbald RG. Infections in chronic wounds. Ostomy
Wound Management 1999; 45:23-40.

Robson MC, Lea CE, Dalton JB & Heggers JP. Quantitative bacteriology
and delayed wound closure. Surgical Forum 1968; 19:501-502.

Robson MC & Heggers JP. Surgical infection. II: The beta-hemolytic

streptococcus. Journal of Surgical Research 1969; 9:289-292.
Thompson PD. What is the role of bacteria in chronic wound exudates? In:

Cherry G & Harding KG (Eds). Management of Wound Exudate. London:
Churchill Communications, Ltd., 1997, p.35-8.

Primary Intention

Vol.11 No. 4 November 2003



Chin C, Schultz G, Stacey M et al.

Principles of wound bed preparation

42.

43.
44.

45.

46.

47.

48.

49.

50.

51.

52.

Bucknall TE. The effect of local infection upon wound healing: an
experimental study. British Journal of Surgery 1980; 67:851-855.

Schuchat A. Group B streptococcus. Lancet 1999; 353:51-56.

Davey ME & O’'Toole GA. Microbial biofilms: from ecology to molecular
genetics. Microbiology and Molecular Biology Reviews 2000; 64:847-867.

Sundberg | & Meller R. A retrospective review of the use of cadexomer
iodine in the treatment of chronic wounds. Wounds 1997; 9:68-86.

Mertz PM, Oliveira-Gandia MF & Davis SC. The evaluation of a
cadexomer iodine wound dressing on methicillin resistant Staphylococcus
aureus (MRSA) in acute wounds. Dermatology Surgery 1999; 25:89-93.

Drosou A, Falabella A & Kirsner R. Antiseptics on wounds: an area of
controversy. Wounds 2003; 15:149-166.

Bishop JB, Phillips LG, Mustoe TA, VanderZee AJ, Wiersema L, Roach DE,
Heggers JP, Hill DP, Jr., Taylor EL & Robson MC. A prospective
randomized evaluator-blinded trial of two potential wound healing agents
for the treatment of venous stasis ulcers. Journal of Vascular Surgery 1992;
16:251-257.

Kucan JO, Robson MC, Heggers JP & Ko F. Comparison of silver
sulfadiazine, povidone-iodine and physiologic saline in the treatment of
chronic pressure ulcers.
29:232-235.

Cullen B, Smith R, McCulloch E, Silcock D & Morrison L. Mechanism of
action of PROMOGRAN, a protease modulating matrix, for the treatment
of diabetic foot ulcers. Wound Repair & Regeneration 2002; 10:16-25.

Journal of American Geriatric Society 1981;

Ovington LG. Overview of matrix metalloprotease modulation and
growth factor protection in wound healing. Part 1.
Management 2002; 48:3-7.

Veves A, Sheehan P & Pham HT. A randomized, controlled trial of
Promogran (a collagen/oxidized regenerated cellulose dressing) vs

Ostomy Wound

53.

54.

55.

56.

57.

59.

60.

standard treatment in the management of diabetic foot ulcers. Archives of
Surgery 2002; 137:822-827.

Agren MS, Steenfos HH, Dabelsteen S, Hansen JB & Dabelsteen E.
Proliferation and mitogenic response to PDGF-BB of fibroblasts isolated
from chronic venous leg ulcers is ulcer-age dependent. The Journal of
Investigative Dermatology 1999; 112:463-469.

Mendez MV, Stanley A, Park HY, Shon K, Phillips T & Menzoian JO.
Fibroblasts cultured from venous ulcers display cellular characteristics of
senescence. Journal of Vascular Surgery 1998; 28:876-883.

Mendez MV, Raffetto JD, Phillips T, Menzoian JO & Park HY. The
proliferative capacity of neonatal skin fibroblasts is reduced after exposure
to venous ulcer wound fluid: a potential mechanism for senescence in
venous ulcers. Journal of Vascular Surgery 1999; 30:734-743.

Rogers AA, Harding KG & Chen WYJ. The epidermis at the edge of
venous leg ulcers exhibits proliferative rather than differentiation markers
and is associated with basement membrane disruption. Wound Repair &
Regeneration 2003; 11:A13.

Smiell J]M, Wieman TJ, Steed DL, Perry BH, Sampson AR & Schwab BH.
Efficacy and safety of becaplermin (recombinant human platelet-derived
growth factor-BB) in patients with nonhealing, lower extremity diabetic
ulcers: a combined analysis of four randomized studies. Wound Repair &
Regeneration 1999; 7:335-346.

. Chin GA, Thigpin TG, Perrin KJ, Moldawer LL & Schultz GS. Treatment

of chronic ulcers in diabetic patients with a topical metalloproteinase
inhibitor, Doxycyline. Wounds 2003; 15(10):315-323.

Falanga V. Apligraf treatment of venous ulcers and other chronic wounds.
Journal of Dermatology 1998; 25:812-817.

Marston WA, Hanft ], Norwood P & Pollak R. The efficacy and safety of
Dermagraft in improving the healing of chronic diabetic foot ulcers: results
of a prospective randomized trial. Diabetes Care 2003; 26:1701-1705.

Coloplast

Comfeel
Zitera ry XHwards

wound management practices.

Primary Intention, the Australian Journal of Wound Management and
Coloplast Australia are pleased to offer two Comfeel Literary Awards.

These awards are designed to encourage those working within the field of wound care to share their
knowledge and expertise through publication of their material, and to reward them for doing so.

The awards will endeavour to acknowledge the excellence of both novice and advanced original
manuscripts, case presentations and clinical research undertaken within Australasia.

The winners of the Comfeel Literary Awards will each receive a cheque for $1000 (to be used to further
their endeavours in wound management).

To be eligible to enter and win a Comfeel Literary Award, you must be the first-named author of a
manuscript published in Primary Intention.

Manuscripts are to relate to a case study, clinical research or a subject review.

Authors are required to be members of the Australian Wound Management Association (AWMA), and
their work must have been undertaken within Australasia.

Awards will be made annually, based on published articles in each calendar year. The Editorial Board of
Primary Intention will judge the manuscripts. One award will be for the best scientific paper and one for
the best case study/review article. The judges’ decision will be final.

Coloplast Pty Ltd manufactures the Comfeel Plus, Biatain, Contreet, SeaSorb and Purilon Wound Care
dressings. Each dressing is part of the Coloplast wound care family, enabling an integrated solutions
approach to wound healing. Coloplast Wound Care is committed to the development of excellence in

PROUDLY SPONSORED BY COLOPLAST. WOUND CARE.
ACHIEVING BETTER OUTCOMES.

Primary Intention

182

Vol.11 No. 4 November 2003





