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The wound healing center deals with
wounds that will not heal using convention:
medical therapy.

Cwounds that have failed therapy



The Center for Advanced Wound Healing

OOnce a wourchronicas b e
iIntensive medical intervention Is required to
make the wound heal

http://www.columbiasurgery.org/pat/wound/chronic.html
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Wound healing has changed

Sometimes, advances in knowledge
fundamentally alter how we view

everything
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The Medieval Universe
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The Copernican Universe
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What is our experience of living things?
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16650 Robert Hooke
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Cells, i n the beginninge




. The Center for Advanced Wound Healing

mitochondrion

- plasma membrane
endosome .

coated R R R 15T Golgl
vesicle ™~ 5072 @ g & T “UFH 4 apparatus

)_~ microtubules

actin filaments ~ T e L AR m;ﬁ{::‘mic
mlcrbvlllus with associated
ribosomes
nuclear

lamina




- The Center for Advanced Wound Healing

ATP synthase particles

inter membrane space

) cristae
Ribosome .

Granules

Inner membrane
Outer membrane
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We communicate ultimately
by chemical signals.

Optic (ll) nerves
Optic chiasm

Uncrossed axon
Crossed axon

Optic tracts

OUt"ff 28l Semicircular
Temporal bone canals Yestibular
\ Malleus 8 nerve
/\ A0 AN Irjt;l{ el ochlea
: N A B\ \ ' 3 ~.‘.-‘- Thalamus
\ \ A < Y/ >
\,\ LAY A0 * = 4 - 4
\ W N & ' )
4 ] “ 2 o
5 A Vs M
- ‘\ 't

Ear canal=

‘ Sta"pes

(Utricle Saccule)
Eardrum I

@ MedicineNet, Inc Round Westibule

window

tube Primary visual areas

in occipital lobes
of cerebral cortex

Eustachian




The Center for Advanced Wound Healing

Cells do the same. They use a language we are beginning
to be able to understand. Cell signaling
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Dermal Matrix Components

Growth factors . : _
Cytokines Matrix proteins Glycosaminoglycans

Cell proliferation Adherence Normal dermal
Cell migration Epithelialization structgre
formation
Structure formation Chemo
Normal dermal
attractant

Cell production of function
tissue proteins

Immuno-regulation
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Chronic Wound® Why are they Chronic

1. Ischemic

2. Diabetes

3. Abnormal protein synthesis

4. Faulty enervatiodautonomic, motor, sensory
5. 0Baddé cytokines

6. oBaddé MMPs
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Our Wound Healing Principles

1. Go fast
A DFU & Peter Sheehan

Percentage of Patients in Whom Ulcers
Healed During the 12-Week Period

58%
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Our Wound Healing Principles

1. Go fast

A DFU & Peter Sheehan
A Venous leg ulcersGelfand 2002; Kantor 2000
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Tools avallable

Wound care
Plan of care
Working with guidelines
Community involvement
Hospital
Vascular, infectious disease,
Biologic dressings
HBOT
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Clinical Practice Guidelines
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The Case of MC
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Wound Center Modalities Utilized on MC:

ADiabetes Control

ADiet modification

AAntibiotics

ASurgical Debridement
ABiodebridement

AHyperbaric oxygen

A Cell Signaling & Biologic Dressings
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Wound Center Modalities Utilized on MC:
A

ADiet modification
ASurgical Debridement
AAntibiotics
AHyperbaric oxygen
ABiodebridement

ABiological Dressings
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ol f you really comprehe
comprehend most of what there is to know about
Il nternal medicine. O

Internal medicine professor
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Diabete® definition

FBS: lessthan100= o nor mal o
106126 = prediabetes
> 126 = diabetes

OGTT:lessthan 143 onor mal o

143200 = prediabetes
>200 = diabetes
HgbAlc 5.6.4 = pre-diabetes

>6.5 = diabetes
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Can you prevent diabetes?

ADA Diabetes Prevention Program

5% wgt loss (eg 300 Ib to 285 Ib)

+

30 min/day moderate exercise

58% reduction in DM2
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The Importance of Getting to Goa!: .
Reduction in Long-term Diabetes Complications

Correlation between a 1% A1C decrease and reduced risk of complications
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The problem with diabetics:

Reduced Blood Flow

Blood vessels
Nerves
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Lower Extremity Arterial Supply:

e lliac arteries

Common femoral artery

W Profunda femoris

Superficial femoral artery

Popliteal artery

Peroneal artery

Posterior tibial artery 1 1
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Tools for assessing blood flow

Color Doppler Ultrasound
Temperature Intravascular angiogram
Pulses CTA

Capillary refill MRI/A

Pulse Oximetry
Audible doppler TCom
ABIs
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How It looks:

KCritical limb ischemia
AChronic ischemia (barely enough)

AViicrocirculatory insufficiency (the toughest)



¥ The Center for Advanced Wound Healing
What to do?

Cardiopulmonary efficien6fCOPD? CHF? PVC?
Supplemental oxygen

Anticoagulants
PTCA

Stent
Bypass @

Amputate
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Diabetic Neuropathy
60-70% of diabetics.
Incidence proportional to time of disease
More common with poor control
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Autonomic neuropathy

Nerves to heart

Poor BP response to requirements:
Syncope/near-syncope
Poor heart rate control

Nerves to Gl tract
Constipation, gastroparesis

Nerves to sweat glands
Poor temperature control
Sweating at night or while eating.
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Peripheral neuropathy
Symptoms I
Numbness or insensitivi$y~\.u\" e
Tingling, burning )jl
Pain or cramps y
Very sensitive to touch
Loss of balance or coordin:

) .
' 8
1%
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SemmeadNeinstein Monofilament
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Relative 5-Year Mortality Rates
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Wound Center Modalities Utilized on MC:

ADiabetes Control

A

ASurgical Debridement
AAntibiotics
AHyperbaric oxygen
ABiodebridement

ABiological Dressings
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Sugar Is everywhere:
AL+ regular soft drinks increases risk of DM2 by 30%

Acruit juices are worse
Ahealthy foods and drink

Arch Intern Med. 2008 Jul 28;168(14):1487-92
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Food as medicine:
AChoose in advance

MARead the labels every time.

Protein, protein
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Wound Center Modalities Utilized on MC:

ADiabetes Control

ADiet modification

A

AAntibiotics
AHyperbaric oxygen
ABiodebridement

ABiological Dressings
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Wound Center Modalities Utilized on MC:

ADiabetes Control
ADiet modification

ASurgical Debridement

A

AHyperbaric oxygen
ABiodebridement

ABiological Dressings
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Wound Center Modalities Utilized on MC:

ADiabetes Control
ADiet modification
ASurgical Debridement
AAntibiotics

A
ABiodebridement

ABiological Dressings
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Rationale for HBOT

ANO (nM)

0% O, I8 ATA

I'ime (min)

Cellular Energy and Metabolism Effects
Improved local tissue oxygenation
Improved cellular energy metabolism
Promotes collagen deposition
Promotes extracellular matrix
Decreased local tissue edema

Antibacterial Effects

= |mproved leukocyte-bacterial-killing
(adequate leukocyte count critical for
be nefit)

= Suppression of exotoxin production

= |ncreased effectiveness of antibiotics

Regenerating Wound Tissue Effects

Enhanced production of growth factors and
receptors (PDGF, TGF-B, VEGF)

Prevention of ischemia-reperfusion injury
Promotes angioge nesis

Reduces inflammation, apoptosis
Stimulates activated stem cell mobilization

Nitric oxide production through nitric oxide
synthetase (NOS)
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O2d More Than Just a Metabolite

NAt the cellular | evel the
wound healing relies on the ability of oxygen to

Initiate signal transduction and activate a specific

pat hway response. 0

Plastic Recon Surg 1997; 148-55
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HBOT o Mechanism of Action

ADirect Pressure
AHyperoxygenation
AVasoconstriction

AEdema reduction
AEnhanced host resistance
ANeovascularization

AReperfusion attenuation
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HBOT o Mechanism of Action

Adyperoxygenation

Normoxic zone

Ischemic zone
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HBOT o Mechanism of Action

Adyperoxygenation

HYPERBARIC CONDITIONS
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HBOT o Mechanism of Action

A/asoconstriction
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HBOT o Mechanism of Action

A/asoconstriction

Reduction in arterial diameter and reduction in flow
Reduces edema

- Peripheral resistance offset by bradycakdia
maintain BP

Does NOT occur in hypoxic tissues
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HBOT o Mechanism of Action

AEnhanced host resistance

AKilling capacity of granulocytes is dependent on an
adequate oxygen environment.

LUID
w & 0 o~

o
=
o
=
=
-
o

4
>
o
s
[
Q
o e
: ©

Hypoxia

| AR

N

Oxygen
1 2 3 4
DAYS AFTER INOCULATION

Ann Surg 1975: 35-39



The Center for Advanced Wound Healing

HBOT o Mechanism of Action

Neovascularization

VEGF dependent on adequate O2

Angioneogenesis- endotheolial cell response varies with
oxygen tension

http://archive.rubicon-foundation.org/399
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HBOT o Mechanism of Action

Neovascularization
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HBOT o Mechanism of Action

AReperfusion attenuation

Amaintains cells ability to produce scavengers
against free radicals

Arevents lipid peroxidation in cell membranes.
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HBOT o0 Wound Center Indications

Chronic Refractory Osteomyelitis

Compromized surgical flap/graft

Wagner Grade Ill Diabetic Leg/Foot
Osteoradionecrosis of the mandible

Soft Tissue Radionecrosis/Late Effects of Radiation
Radiation Cystitis/Proctitis

Arterial Embolism& Thrombosis/Critical Limb Ischemia
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Wound Center Modalities Utilized on MC:

ADiabetes Control
ADiet modification
ASurgical Debridement
AAntibiotics
AHyperbaric oxygen

A

ABiological Dressings
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Wound Center Modalities Utilized on MC:

ADiabetes Control
ADiet modification
ASurgical Debridement
AAntibiotics
AHyperbaric oxygen
ABiodebridement

A
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We communicate ultimately
by chemical signals.

Optic (ll) nerves
Optic chiasm

Uncrossed axon
Crossed axon

Optic tracts
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Cells do the same. They use a language we are beginning
to be able to understand. Cell signaling

S06 _Integrins
RTK O ——— RTK - cdc4? l”//
' ,‘
. Fyn/Shc l
PLC ' Grb2/S0S
l b b :

PI3K |~ G-Protein ———— Ras =—— FAK Dishr‘:zelled *
e ff—— ¢} Sre
~ Akt e ™ Raf GSK-3p
{ PKC Adenylate } |
\ cyclase AE 5
Ak (Y o f % MEK N APC
P + |

PKA 2 ;
I [ IkB : MEKK MAPK  MKK 8-catenin
™ STAT3.5

/ \ =3

/ Mad;

Bel-xL m;: :Max ERK JNK5 fi-catenin. TCF

1 Fos Jun

Cytochrome C CREB
* \_ ~

Caspase 9

.
E2
N Gene Regulation ;
, CyclE — p27
Casp;sc— 8 — ( Apoptosis - CDK2,

Cytoking Receptor

QWS Zm  Peyied

rd

' ) Cell
FADD Bel-2 —i | Nos Proliferation
T Bad “‘-——‘_\}‘ Mt<— Bax <~

Abnormality .
FasR  gengor —* Bim—




- The Center for Advanced Wound Healing




. The Center for Advanced Wound Healing

Dermal Matrix Components

Growth factors . : _
Cytokines Matrix proteins Glycosaminoglycans

Cell proliferation Adherence Normal dermal
Cell migration Epithelialization structgre
formation
Structure formation Chemo
Normal dermal
attractant

Cell production of function
tissue proteins

Immuno-regulation
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Cell Signaling 9 an example in Diabetes
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Levels of Biologic Dressings
A. Growth Factor only

Regranex

B. Protein Matrix only
Oasis| porcine intestinal mucosa
Integral bovine collagen

GraftJacke gamma irradiated human allograft skin

C. Add Fibroblasts (and growth factors)

Dermagraft

D. Add Keratinocytes

Apligraf
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Levels of Biologic Dressings

A. Growth Factor only

Regranex

B. Protein Matrix only

. OasISi porcine intestinal mucosa

Integral bovine collagen

C. Add Fibroblasts (and growth factors)

Dermagraft

D. Add Keratinocytes

Apligraf
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Levels of Biologic Dressings

A. Growth Factor only

Regranex

B. Protein Matrix only

Oasis| porcine intestin

Integral bovine collag

GraftJackel gamma ir

C. Add Fibroblasts (and gro

D. A!!

Dermagraft

Keratinocytes

Apligraf
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Levels of Biologic Dressings

A. Growth Factor only

Regranex

B. Protein Matrix only

Oasis| porcine intestinz
Integral bovine collage

GraftJacke gamma irr

C. Add Fibroblasts (and growt

Dermagraft

D. Add Keratinocytes
Apligraf
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