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Chronic Wound Biochemistry
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A wound is a disruption of normal anatomic structure and function that is
usually inclusive of the skin. Wound healing represents a comprehensive
series of physiological and biochemical reactions that create an orderly
healing cascade. This process includes four key phases: hemostasis,
inflammation, proliferation and remodeling. Wound healing is a dynamic
response that progresses along a continuum that should result in the
restoration of anatomical and function integrity.

HEMOSTASIS

Any injury extending beyond the boundaries of the epidermis will cause
bleeding. This phenomenon activates a series of overlapping events designed
to control blood loss, seal the defect, and establish bacterial control. The
disruption of blood vessels and exposure of the sub-endothelial environment
(collagen) catalyzes platelet aggregation.’ Furthermore injured cells trigger
both extrinsic and intrinsic coagulation pathways. Clot formation protects
and seals the disrupted vessels so that blood loss is controlled.

Clot formation serves several key functions including:'
o Temporary bacterial barrier
o Interim matrix/scaffold for migrating cells
« Reservoir of growth factors

Fibrinolysis is a vital process that occurs after clot formation. Platelet
degranulation releases an assortment of energy producing cytokines and
growth factors.! The inflammatory phase is initiated by several growth factors
including PDGF, IGF-I, EGF, TGF-B, and TNF alpha.!



INFLAMMATION

Once the hemostatic process is finalized, secretion
of pro-inflammatory cytokines and proteases
(elastase/collagenase) help remove damaged
extracellular matrix (ECM).? The ECM gives skin its
unique properties of elasticity, tensile strength, and
compressibility. In acute wounds the provisional
wound matrix (Fibrin; fibronectin) provides a
scaffolding to direct cells into the injury and
stimulate proliferation, differentiation, and synthesis
to form a new ECM.

Before a wound can rebuild its damaged apparatus,
breakdown of devitalized tissue and elimination

of excess bacteria permeating the wound bed is
paramount.? Leukocyte migration out of the vessels
and into the wound bed is conducted via diapedsis.’
Teams of white blood cells (WBC) infiltrate the
wound environment to help stabilize the bacterial
environment and establish a clean wound bed
(Figure 1).2 The principal leukocyte involved during

Figure 1: Inflammatory Phase'
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this process is polymorphonuclear cells (PMN)

also known as neutrophils. Their primary role

is to eliminate deleterious bacteria and foreign
debris via phagocytosis. Cell adhesion molecules
(CAM) promote the binding mechanism between
neutrophils and damaged tissues. Neutrophils
release essential growth factors that attract
additional leukocyte support. By days 3 to 4 after
tissue damage, neutrophils disappear via apoptosis
and are replaced by activated macrophages.!

They continue to phagocytize bacteria and break
down devitalized tissue. In addition, important
pro-inflammatory cytokines are released from
macrophages which include: TFG-beta, B-FGF, TNF-
alpha, PDGF, IL-1 and IL-6." It should be noted that
lymphocytes are among the last cells to infiltrate
the wound bed.! They release IL-2 which help recruit
fibroblasts. By removing these impediments, the
wound healing process can easily transition into the
proliferative and rebuilding phases.

PROLIFERATION

The third essential phase of wound healing is

the proliferative phase. Fibroblast propagation
dominates this wound-healing segment.2 PDGF
that has been released in the preceding phases
stimulate fibroblastic chemo-taxis and collagenase
production. Fibroblasts also foster the integration
of matrix metalloproteinase's (MMPs), which
facilitate the permeation of these cells within the
ECM environment. MMPs remove impaired collagen
and other structural proteins while fibroblasts
establish a healthy ECM network.! Several growth
factors stimulate the production of new vessels

that are generated by intrinsic cells within the
wound bed." Vascular endothelial cells, fibroblasts,
epidermal cells, and macrophages contribute to
angiogenesis by the production of B-FGF, TGF-3
and VEGF.! The wound surface is covered with new
epithelium that is able to restore bacterial barriers
and vascular integrity.? Keratinocytes proliferate,
migrate and differentiate during this phase."?
Furthermore, proliferative mechanisms continually
promote development of granulation tissue, neo-
angiogenesis, matrix deposition/collagen synthesis
and epithelialization among others.?
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REMODELING

A hallmark feature of the remodeling phase is the maturation of collagen
fibers via crosslinking. This promotes increased tensile strength and
fibroblast synthesis (Figure 2)." Collagen fibers steadily condense and in
conjunction with myofibroblasts, become oriented parallel to the wound bed
along lines of stress, resulting in the appearance of striated scar tissue.'?
Contraction of the newly developed ECM could potentially manifest.? It should
be noted the regenerated tissue is not as tensile and dynamic prior to injury.?

Figure 2: Wound Healing Cascade’
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BIOCHEMISTRY OF CHRONIC WOUNDS

Stalled wounds consist of volatile biochemical mechanisms including
increased proteases and inflammatory mediators, unresponsive/senescent
cells, hyper-proliferative wound edges (neuropathic ulcerations) and bacterial
interference (Figure 4). Nonviable tissue deleteriously effects the wound
environment by fostering bacterial growth and local tissue hypoxia. In order
to combat stagnant wound environments, infection and inflammation need to
be mitigated. To end these physiologic obstacles, Robson et al discussed the
distinctive factors on how bacterial infections and excess granulation tissue
impact wound healing.* They noted that the existence of chronic granulation
tissue decreased the amount of antibiotics that reached the wound infection,
consequently prolonging the healing process.* Gardner et al assessed the
reliability of clinical tools to evaluate the signs and symptoms of localized
infections in chronic wounds.® Researchers established the “Clinical Signs
and Symptoms Checklist,” which centers on primary and secondary signs of
infection to be reliable (Figure 3).° Clinicians should diagnose infection based
on the presence of at least two classic symptoms: inflammation or purulent
secretions.? Incorporating a structured methodology to monitor and assess
wound infections may improve accuracy in identifying this condition.



Figure 3: Clinical Signs and Symptoms Checklist (CSSC)3

CSSC

Pain

Erythema

Edema

Heat

Purulent exudate

Sanguineous drainage

Serous exudate

Delayed healing of the ulcer

Discoloration of
granulation tissue

Friable granulation tissue

Pocketing at base of wound

Foul odor

Wound breakdown

DESCRIPTION

+ Pain not detected in ulcer area

* Less ulcer pain than in past

* Pain remained the same since ulcer development
*  More ulcer pain than patient had initially

Presence of bright or dark red skin or darkening of normal ethnic skin
color immediately adjacent to the ulcer opening.

Assess pitting edema by firmly pressing the skin within 4 cm of
ulcer margin with finger, releasing, and waiting 5 seconds to observe
indentation.

Increase in skin temperature of skin adjacent to the ulcer but within
4 cm of the ulcer margin. Assess differences in skin temperature
using back of the clinicians hand or wrist.

Presence of tan, creamy, yellow or green thick fluid on a dry gauze
dressing removed from the ulcer 1 hour after placement

Presence of blood fluid on dry gauze dressing

Presence of thin, watery fluid on a dry gauze dressing

Clinicians report no change or an increase in surface area or volume
of the ulcer over the past 4 weeks.

Granulation tissue that is pale or dull in color

Granulation tissue bleeding easily when gently manipulated

Non-granulating pockets of ulcer tissue surrounded by red
granulation tissue

Distinctively unpleasant smell

Small open areas in newly formed epithelial tissue (Not injury induced)
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Figure 4: Proposed Mechanism of Chronic Wounds?®
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Matrix metalloproteinases (MMP's) represent a class of 20 protein-degrading
enzymes.® It should be noted that proteases are important during the
remodeling phase of wound healing by harmonizing ECM formation. Numerous
investigations have revealed that high concentrations of serine protease in
neutrophils and elevated MMP's are responsible for the degradation of ECM
proteins, cytokines, growth factors, and cell surface receptors (Figure 5).”

Figure 5: Excess Protease Activity®®
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During normal physiological wound healing processes, there is a burst of
protease activity at the start of acute wound healing. However, if increased
protease activity is prolonged they have the propensity to degrade the ECM and
newly formed tissue.'® In fact, some studies have discovered that increased
quantities of specific MMPs (2, 8, 9) and human neutrophil elastase (HNE)

are frequently found in chronic wounds in contrast to acute pathologies.™

The deleterious effects of these proteases may stimulate the inflammatory
response and discharge harmful reactive oxygen species. There are elevated
levels of TNF-a and IL-13. These molecules induce their own synthesis to set
up a cycle of non-progressive inflammation, inhibit collagen formation, and
decrease the production of protease inhibitors. It should be noted that the bi-
directional communication network between cells and their surrounding ECM
are compromised in chronic wound environments.'" This concept is known as
dynamic reciprocity (DR), a term first coined by Schultz et al.' This interaction
has been extensively studied and applied to the physiological process of wound
healing. Several therapeutic modalities target this mechanism."

TREATMENT

The “DIME" scheme is an all-encompassing modality for proper wound bed
preparation.’? DIME is a mnemonic that incorporates debridement, infection
control, moisture balance, and wound edge preparation (Figure 6).?

Figure 6: DIME & Wound Bed Preparation'?
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DIME strategy helps accelerate endogenous healing mechanisms by
eliminating factors that obstruct the wound-healing sequence. Debridement
treatments are administered to reduce exudate and/or necrotic tissue from

the wound. These external modalities include; mechanical, sharp/surgical,
enzymatic debridement, and negative-pressure wound therapy (NPWT) among
others.'? Additionally, passive treatments promote the patient’s intrinsic healing
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mechanisms to help reduce or eliminate impediments to healing.'? Some
passive treatments include hydrogels (hydro-polymer dressings), hydrocolloid
dressings, autolytic debridement, antimicrobial or antiseptic dressings,
collagen-oxidized regenerated cellulose dressings and non-adherent silicone
dressings.'?

CONCLUSION

Wound management is a specialty that is continuously evolving; wound
specialists have a range of treatment options that include biologic skin
substitutes, collagen matrices, negative pressure and active dressings among
others. It is vital clinicians routinely base their treatment plans on evidence-
based research. Additionally, mastery of wound science will lead clinicians to
proper treatment pathways.
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