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Learning Objectives

At the conclusion of this activity, the participant will
be able to:

A. Explain the physiology of wound healing and the
pathophysiology of stalled wounds

B. Describe current standard of care for wounds,
specifically pressure ulcers

C. Discuss advanced wound care modalities
Including biophysical modalities, growth factors,
extracellular matrices, and bioengineered skin
substitutes



Introduction

Pressure Ulcers are a major complication of SCI/D

Will develop in O50% of vet
Overall prevalence of 39%

Majority of pressure ulcers are Stage IV (NPUAP)

Ischia most common anatomic site

Recurrence rate is significant (~40%)

Bates et al. J Spinal Cord Med 2009;32:34 -42.
Garber SL et al. J Rehabil Res Dev 2003;40:433-442.



Physiology of Wound Healing
Acute Wound Healing

Orderly and Timely Process

Proceeds through three general phases:
1. Inflammation
2. Proliferation
3. Remodeling

Results in restoration of skin/tissue integrity



HEALING RESPONSES
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Copyright © 2004, Elsevier.

Townsend et al. Elsevier 2004:184.



| Maturation

Froliferation

Inflammation

Neutrophils
Macrophages

Fibroblasts

0
m
O
©
[ =]
b
s
E
=
=
ah
=
i
i
T

Lymphocytes

6 8 10 12 14
Days postwounding

Copyright © 2004, Elsevier,

Townsend et al. Elsevier 2004:186.



Inflammatory Phase (Day 3)
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Major Growth Factors

Growth factor family

Transforming growth factor
TGF-B1,TGF-B2, TGF-B3

Platelet-derived growth factor
PDGF-AA,PDGF-BB,VEGF

Fibroblast growth factor
Acidic-FGF,Basic-FGFKGF

Insulin-like growth factor
IGF-1,IGF-l,Insulin

Epidermal growth factor
EGF,HB-EGF, TGF-o

Cell source

Platelets
Fibroblasts
Macrophages

Platelets
Macrophages
Keratinocytes
Fibroblasts

Macrophages
Endothelial cells
Fibroblasts

Hepatocytes
Skeletal myocytes
Fibroblasts
Macrophages
Neutrophils

Keratinocytes
Macrophages

Actions

Fibroblast chemotaxis
T Collagen, TIMP synthesis
L MMP synthesis

Activates immune cells and fibroblasts
T Collagen, TIMP synthesis

1 MMP synthesis

T Angiogenesis

T Angiogenesis
T Keratinocyte proliferation and migration
T ECM deposition

T Keratinocyte and fibroblast proliferation
T Angiogenesis

T Collagen synthesis

TECM formation

T Cell metabolism

T Keratinocyte proliferation and migration
TECM formation



Reepithelialization and Neovascularization (Day 5)
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Standard Wound Management

1. Wound Bed Preparation

2. Infection Control

3. Correction of Ischemia

4. Nutritional repletion

5. Correction of Hyperglycemia

6. Pressure Relief (Offloading)



Defining Therapeutic Goal

Wound Closure vs. Wound Maintenance
Maintenance Wound Goals (palliative):
1. Prevent further tissue loss
2. Prevent infection
3. Control exudate /drainage

4. Control odor
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Wound Bed Preparation

ebridement o Remove non -viable tissue

nfection/Inflammation 0 Reduce bacterial load,
Inflammation

oisture o Control for edema/maceration vs.
desiccation

dge Advancement 0 Support cellular
proliferation/migration

Schultz et al. Wound Repair Reg 2005:13(4 Suppl):S1-S11.



Wound Assessment Tools

ol s this wound healing appr

o | know 1|t when | see |t eéob
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Wound Assessment Tools

Numeric scales to score pressure ulcer healing:

1. Bates-Jensen Wound Assessment Tool (BWAT)
13 characteristic sub -scores

2. Pressure Ulcer Scale for Healing (PUSH)
3 characteristic sub -scores

3. Spinal Cord Impairment Pressure Ulcer
Monitoring Tool (SCI -PUMT)
7 characteristic sub -scores



Wound Healing Kinetics

oHow | ong wi | | 1t take to
Depends on:

1. Fibroblast proliferation & migration

2. ECM deposition rate

3. Keratinocyte proliferation & migration

4. Myofibroblast wound contraction



Mathematical Modeling

Dermal Healing (fibroblasts):

O gy YO
dt & W(t)e U
d=-re( .0+ —2D
o -
5 U

where s = cell speed
t = time lag

McDougall S et al. Phil Trans R Soc A 2006;364:1385 -1405.



Mathematical Modeling

Wound healing as exponential decay:

N(t) = Nye’t

where N, = initial wound size

| = healing rate

t =time

: In 2
Half-life, t,, =

Cardinal M et al. BMC Dermatology 2009;9:2  -9.






Healing Rate of DFUs
Standard Wound Care Alone
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Margolis et al. Diabetes Care 1999;22:692.



Percentage of Patients in Whom Ulcers
Healed During the 12-Week Period
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>53% area reduction at 4 week <53% area reduction at 4 week

Sheehan et al.  Diabetes Care 2003;26:1879-1882.



Clinical Modeling

Wounds that do not achieve 50% healing in 4 weeks
= Or =

In 2
t, = | > 4 weeks

will likely fail to heal and result in a chronic wound.



The Chronic Wound
Non -healing/Stalled/Problem Wound

Pathways to Non -healing:
1. Infection 0 Biofilm, Osteomyelitis
2. Hypoxia d Edema, Scarring, Vasculopathy , Nicotine
3. Cellular Failure 0 Diabetes, Malnutrition
4. Trauma o Pressure

Suspect chronic inflammation in absence of above



Chronic Inflammation

Fibroblast senescence hypothesized as major factor

May result from prolonged exposure to reactive
oxygen species

Impaired synthetic and replicative capacity
Decreased secretion of neutrophil attracting cytokines
Increased fibroblast senescence in pressure ulcers

Elevated plasmin production by pressure ulcer
fibroblasts

Mansbridge J. Adv Skin Wound Care 2009;22:158 -160.
Vande Berg JS et al. Wound Repair Reg 2005;13:76-83.



Biochemical Differences

Healing Wounds Chronic Ulcers

Ab P rinBlammatory cytokines AB P rindlammatory cytokines

ABDMMPs ABVMUMPs

ANormal matrix f fibronectin , ADegraded matrix i fibronectin |,
collagen coliagen

A%esllgsoﬁggable of rapid ASenescent fibroblasts

ABCel |l mitosi s AbMitogenic activity

ABGr owt h f act or s ADisordered patterns of growth
factors

Schultz G, Mast B. Wounds.1998;10:1F -9F.



Chronic Wound

Prevention/Treatment

A All risk factors addressed and corrected

A But wound still not healing at reasonable rate

In 2
t, = | > 4 weeks

A Consider applying advanced wound care



Advanced Wound Care

AKA Adjuvant wound care, Advanced therapeutics

1. Biophysical
Hyperbaric O32, Negative pressure wound therapy
(NPWT), Electrical stimulation, Ultrasound, Radio
Frequency, Ultraviolet Light , Low-level Laser Therapy

2. Growth Factors

Platelet -derived growth factor ( Regranex ), Platelet -rich
plasma

3. Extracellular Matrix
Oasis, Integra, MatriStem , Unite Biomatrix

4. Bioengineered skin substitutes
Apligraf , Dermagraft



Hyperbaric Oxygen Therapy

100% Oxygen delivered at >1.5 atmospheres absolute
Reverses tissue hypoxia

Reverses edema

A\ Stimulates fibroblast proliferation, keratinocyte differentiation

Promotes neovascularization

A\ Stimulates production of growth factors/cytokines

A Accelerates microbial oxidative killing



Hyperbaric Oxygen Therapy

Wound Indications:

1. Problem Wound
Refractory Osteomyelitis
Endangered Flap/Gratft
Delayed Radiation Injury

I

100% O, at 2.0-2.4ATA

> D

90 minutes, once a day




A

A

A

Hyperbaric Oxygen Therapy

Transcutaneous Oximetry (tcpO,)

Noninvasive estimation of pO, on skin
Diagnostic tool for wounds and skin flaps

Screening tool for HBO

surface

tc p O,<40 mmHg suggests hypoxia -impaired healing

In diabetes/renal failure hypoxia at tc

P O,<50 mmHg

Fife et al. Undersea Hyperb Med 2009;36:43 -53.






Problem wound algorithm, incorporating use of TCOM in selection process (with references)

Problem wound

Referred by specialist or GP for
assessment Significant Large Vessel
disease detected and'or

17 urgent surgery needed
= Vascular Referral before
Hyperbaric Medical Assessment HBO

AINd WOrk-up of patiant to cetarmine
Ntnaas for Iyparbacic Ogygan Traatmadt

Y

Transcutaneous P02 > 40 mmHg = not hypoxic
Oximetry breathing
Alr at 1 ATA

+ PO, < 40mmHg (<50mmMHg diabetics)

Transcutaneous Oximetry
Sea level 100% O, POz < %mm;lc

Challenge = unresponsive hypoxla = *

HBO unlikely to
be effective

In Chamber

Consider also Transcutaneous Oximetry | P.0; < 100mmHg iy *

wrise n X HBO Challenge 2.4 ATA

PO, >10mmHg™

. In Chamber P, 0, > 100mmHg
<t evidence Dazec In Chambe and < 200 mmHg

P,.0. > 200 [mmHg “* v

P,.O, >100mmHg

breathing sea ;
level 100% 0. * P;.0; = 35-100 mmHg

HBO indicated on case by case
Hyper baric Oxygen —»——basis especially if no alternative
Treatment Indicated or amputation threatened

Smart DR et al. Diving and Hyperbaric Medicine. 2006;36:72



Negative Pressure Wound
Therapy (NPWT)




Electrical Stimulation

A Transepithelial potential of 20 -50mV in unwounded skin
A Skin wounding results in DC voltage gradient
A Wound electric field stimulates:

1. Cell migration

2. Cellular proliferation rate

3. Alignment of axis of cellular division

4. Growth factor secretion



Stratum corneum

+ 20 - 50 mV _ : ks
: = Stratum granulosum
potential .
difference
(inside +ive)

Epidermis
Stratum spinosum

Stratum basalae
basement membrane

connective tissue
blood vessels
and fibroblasts

+ive

Pullar CE. Journal of Wound Technology 2009;6:20 -24.



Electrical Stimulation

A Anode (+) attracts:
1. Macrophages
2. Neutrophils

3. Keratinocytes

A Cathode ( -) attracts:
1. Activated neutrophils
2. Fibroblasts
3. Myofibroblasts
4. Endothelial cells



FIGURE 3
Electrical stimulation used for granulation tissue formation

FIGURE 4
Electrical stimulation used for epithelialization

Kloth LC, McCulloch JM. Adv Wound Care 1996;9:42  -45.



