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Today’s Clinical Challenge
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To Fix It…
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H
em

ostasis 

Events of the N
orm

al H
ealing Process
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Neutrophils 

M
acrophages 
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ostasis
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Inflam
m

aHon

The	clean	up…
…
	



Inflam
m

aHon: Key Players

• L
e
u
k
o
c
y
t
e
s
:	B

a
s
o
p
h
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,	e
o
s
in
o
p
h
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,	n
e
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p
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p
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• N
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h
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b
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a
s
t
	C
e
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M
atrix M

etalloproteases 
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Tissue Inhibitors of M
M

Ps (TIM
Ps) 

• R
eversibly bind M

M
P

s in  
1:1 ratio to inactivate 

• S
ecreted locally by cells 

• Four TIM
P

s know
n 

• E
ach TIM

P can bind m
ore 

than one type of M
M

P 

TIM
P-1 

TIM
P-2 

TIM
P-3 

TIM
P-4 



W
ound Fluid 

K
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M
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Inflam
m

ation 
• C

haracterized by erythem
a, edem

a, heat, and 
pain 

• W
hite cells (neutrophils, m

onocytes) m
igrate out into 

w
ound space 

• Transition from
 vasoconstriction to vasodilation 

m
ediated by variety of factors 

• M
ast cells: histam

ine 
• N

eutrophils usually depleted after 2-3 days by the 
process of apoptosis 

• R
eplaced by tissue m

onocytes 
• S

tim
ulated to differentiate into m

acrophages by 
cytokines and grow

th factors 
• E

arly m
acrophages clean up, later in 

inflam
m

ation, they recruit cells to begin the 
proliferative phase of healing 



ProliferaHon

T
h
e
	B
u
ild
	u
p
…
…
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Proliferative Phase 

• G
ranulation Tissue Form

ation 
• R

eplace lost derm
al tissue w

ith 
granulation tissue 

• A
ngiogenesis 
• N

ew
 blood supply 

• E
pithelialization 
• R

esurfacing 



C
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G
row

th Factor N
om

enclature 

• M
ay be nam

ed for the cell that they 
com

e from
, the cell they act on, or 

activity first observed 
• P

latelet D
erived G

row
th Factor (P

D
G

F) 
• E

piderm
al G

row
th Factor (E

G
F) 

• K
eratinocyte G

row
th Factor (K

G
F) 

• Fibroblast G
row

th Factor (FG
F) 

• Transform
ing G

row
th Factor (TG

F
) 



Target C
ells 

Receptors 
G

row
th Factors 

H
ow

 D
o G

row
th Factors W

ork?

• D
iff
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Target cells 

R
eceptors 

G
row

th factors 



G
row

th Factor R
eceptors 

• C
ell surface proteins 

• S
it on the plasm

a m
em

brane of 
the cell 

• E
xternal binding of G

F activates 
internal activity of protein 

• A
ctivates enzym

e or gene 
G

F 



G
row

th Factors are like w
ords…
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R
eceptors are like ears…

.. G
F 
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Cell	or	1ssue	of	origin	
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Effect	
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t
	c
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y
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e
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t
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e
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E
C
M
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t
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l	c
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t
s
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c
e
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a
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	a
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l. (accessed 11/8/15). 
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arrientos S
 et al. G

row
th factors and cytokines in w

ound healing. W
ound R

ep R
eg. 2008;16:585-601.  



Integrins 
• Fam

ily of cell surface receptors 
• E

nable cells to detect and interact 
w

ith com
ponents of the 

extracellular m
atrix 

• Transm
em

brane receptors 
• A

lpha subunit 
• B

eta subunit 
• R

eversible binding to portions of 
E

C
M

 



Proliferation: Fibroblasts 

Fibroblast M
igration into W

ound S
ite 

Integrin on one  
end of cell attaches to  
binding site 

C
ell stretches   

tow
ard next binding 

site on m
atrix 

C
ell binds new

  
site and releases first 
site, m

oving forw
ard 



Integrins: W
hen are they used? 

• P
latelet interactions w

ith collagen during hem
ostasis 

• Leukocyte extravasation during early inflam
m

ation 

• E
ndothelial cell budding and ingrow

th during angiogenesis 

• E
pithelial cell m

igration 

• Fibroblast m
ovem

ent through granulation tissue 



K
ey C

ells in W
ound H

ealing 

• Erythrocyte: M
ajor cellular elem

ent of circulating blood, contains 
hem

oglobin, m
ajor function is to transport oxygen 

• Fibroblast: K
ey cell; synthesizes collagen and other E

C
M

 substances, 
depending on need of surrounding tissue 

• M
yofibroblast: M

odified fibroblast found at periphery of w
ound 

responsible for contraction 

• Endothelial cells: Line vessels, particularly capillaries; m
igrate and 

form
 new

 vessels in w
ound healing 

• K
eratinocytes: E

piderm
al cell that synthesizes keratin 



C
ellular M

igration and Proliferation 

• Initial m
atrix heavily populated w

ith inflam
m

atory cells 

• Fibroblasts in norm
al derm

al tissue are quiescent and 
sparsely distributed 

• A
ctive and num

erous in granulation tissue 

• Fibroblasts and endothelial cells predom
inate as 

healing progresses 
• N

ative cells are lost or dam
aged in any injury so additional 

fibroblasts required in the healing w
ound, m

igrate from
 

adjacent tissues 
• C

ytokines m
ay transform

 undifferentiated cells in the 
w

ound into fibroblasts 



Protein Synthesis 

• Fibroblasts m
ost responsible 

• S
tim

ulated by grow
th factors 

• Initial m
atrix changes to collagen and other 

proteins 

• E
lastin synthesized in seem

ingly decreased 
quantities 



D
erm

al Proteins 
• C

ollagen 
• M

ajor structural protein 
• S

ecreted by derm
al fibroblasts 

• P
rim

arily Type I (77%
 to 85%

) 
• Lesser type III (15%

) 



D
erm

al Proteins 

• E
lastin 
• P

rovides skin w
ith its elastic recoil 

• S
ecreted also by fibroblasts 



D
erm

al Appendages
• H

air follicles 
• S

ebaceous glands 
• S

w
eat glands 

• Lined w
ith epithelial cells 

• E
pithelial islands 



Extracellular M
atrix



A
ngiogenesis 

• P
rocess that becom

es active from
 day 

2 after w
ounding 

• Triggered by decreased oxygen tension 
• C

aused by disruption of native 
vasculature and increased oxygen 
consum

ption by other cells in the w
ound 

environm
ent 

• P
roliferating cells consum

e oxygen 3-5 
tim

es faster than resting cells 

• E
ndothelial sprouts derive from

 intact 
capillaries at the w

ound periphery 





• 
C

haracterized by a predom
inance of m

yofibroblasts at the w
ound 

periphery 
– M

odified fibroblasts 
– A

ppear 4 to 6 days after initial injury and com
m

only seen in the w
ound 

during the follow
ing 2 to 3 w

eeks 
– G

enerate strong contractile forces on the w
ound edges 

• 
W

ound edges draw
 closer to each other 

• 
R

ate of contraction varies betw
een anatom

ic locations, averages 0.6 
to 0.7 m

m
 per day 

– R
ate can be predicted by the degree of skin laxity at the site 

– S
calp or pretibial area contracts m

ore slow
ly than a buttock w

ound 

W
ound ContracHon 







Epithelialization 

• R
e
c
o
n
s
t
r
u
c
C
o
n
	o
f
	in
ju
r
e
d
	e
p
it
h
e
liu
m
	b
e
g
in
s
	a
lm

o
s
t
	im

m
e
d
ia
t
e
ly
	a
P
e
r
	

w
o
u
n
d
in
g
	

• In
c
is
io
n
a
l	in

ju
r
ie
s
	a
r
e
	t
y
p
ic
a
lly
	r
e
-
e
p
it
h
e
lia
liz
e
d
	w
it
h
in
	2
4
-
4
8
	h
o
u
r
s
	a
P
e
r
	in
ju
r
y
	

• B
a
s
a
l	c
e
lls
	p
r
e
s
e
n
t
	a
t
	w
o
u
n
d
	e
d
g
e
	e
lo
n
g
a
t
e
	a
n
d
	b
e
g
in
	t
o
	m

ig
r
a
t
e
	a
c
r
o
s
s
	

d
e
n
u
d
e
d
	w
o
u
n
d
	s
u
r
f
a
c
e
	

• H
a
ir
	f
o
llic

le
s
	a
n
d
	s
w
e
a
t
	g
la
n
d
s
	c
o
n
t
r
ib
u
t
e
	m

ig
r
a
t
o
r
y
	e
p
it
h
e
lia
l	c
e
lls
	if
	n
o
t
	

d
e
s
t
r
o
y
e
d
	d
u
r
in
g
	in
iC
a
l	in

ju
r
y
	

• C
e
lls
	m

ig
r
a
t
e
	a
s
	a
	m

o
n
o
la
y
e
r
,	b
e
g
in
	t
o
	p
r
o
lif
e
r
a
t
e
	a
p
p
r
o
x
im

a
t
e
ly
	2
4
	h
o
u
r
s
	

a
P
e
r
	in
iC
a
C
o
n
	



Epithelialization 

• C
ells at leading edge flatten, express integrins, secrete proteolytic 

enzym
es, m

ove 

• D
esm

osom
es attach cells to each other, hem

idesm
osom

es attach to 
basem

ent m
em

brane 

M
igration 



Epithelialization 
• B

asal epithelial cell detachm
ent from

 basem
ent m

em
brane; m

igrate until 
they m

eet and form
 confluent layer 

• C
ellular m

igration 

• M
onolayer proliferates, stratified layers re-establish and barrier function 

is restored 



Rem
odeling

Reorganizing	the	interior…
.......	



Rem
odeling

• P
redom

inates as prim
ary w

ound healing activity approxim
ately 21 

days after injury 

• M
M

P
s involved w

ith breakdow
n of collagen 

• N
ature of w

ound m
atrix changes w

ith scar rem
odeling 

• Im
m

ature scar contains disorganized fine collagen fibers 
• R

eplaced by thicker fibers (type 1 collagen) arranged in an orientation 
paralleling skin stresses 

• R
em

odeling essential to the form
ation of a strong w

ound 



R
em

odeled W
ound Strength 

• W
ound strength 

• 1 w
eek after closure = 3%

 of norm
al tissue 

• 3 w
eeks after closure = approx. 20%

 of norm
al 

• 3 m
onths after closure = 80%

 of norm
al tissue 

• R
em

odeling continues for up to 24 m
onths but w

ill never regain 
strength of norm

al tissue 

H
ollow

ay S
, et al. A

cute and C
hronic W

ound H
ealing. In: B

aranoski S
, Ayello E

A (E
ds.) W

ound C
are 

E
ssentials, P

ractice P
rinciples. W

olters K
luw

er, P
hiladelphia, 2016, pp. 82-98. 



R
em

od
elin

g 

Ep
ith

elialization 

G
ran

u
lation

 Tissu
e Form

ation
 

A
n

g
iog

en
esis 

In
flam

m
ation

 

H
em

ostasis 

Events of the N
orm

al H
ealing Process

Platelets 

Neutrophils 

M
acrophages 

Fibroblasts 
Endothelial cells 

Epithelial 

cells 

IL-1 
PD

G
F 

VEG
F 

TG
F-B

 

K
G

F 
EG

F 

TN
F-A 

FG
F 

M
M

P-2 
M

M
P-9 

TIM
P-1 

TIM
P-2 

M
M

P-8 

PD
G

F PD
G

F 

8-M
onaco JL, Law

rence TL.  A
cute W

ound H
ealing; an 

overview
.  C

linics in Plastic S
urgery 30 (2003): 1-12. 

D
am

ag
e  

to Tissu
e 

H
ealin

g
/

R
ep

air 



H
ealing C

ascade in C
hronic W

ounds 
D

am
ag

e  
to Tissu

e 

H
ealin

g
/

R
ep

air ? 

C
hronic W

ounds A
re D

e-R
ailed! 



A
cute W

ounds 

“norm
ally proceed through an orderly and 

tim
ely reparative process that results in 

sustained restoration of anatom
ic and 

functional integrity” 



• A
ccepted term

, but no real definition agreed upon 
• M

ost consider w
ound not healed or healing w

ell by 4 w
eeks 

to be chronic 
• M

uch of the literature defines it as a w
ound that has not 

healed in 12 w
eeks 

• C
enters for M

edicare and M
edicaid S

ervices often consider 
4 w

eeks before use of advanced products 
• Term

 likely should be defined by the individual w
ound and 

the patient com
orbid conditions 

  W
ound C

hronicity 




Focus on Tim
e to H

ealing: 
U

se of PrognosHc Indicators

V
e
n
o
u
s
	

L
e
g
	U
lc
e
r
s
	

• <
4
0
%
	r
e
d
u
c
C
o
n
	in
	w
o
u
n
d
	s
iz
e
	b
y
	

w
e
e
k
	4
	

• U
n
lik
e
ly
	t
o
	a
c
h
ie
v
e
	c
o
m
p
le
t
e
	

w
o
u
n
d
	c
lo
s
u
r
e
	a
t
	2
4
	w
e
e
k
s
1
,2
	

D
ia
b
e
C
c
	

F
o
o
t
	

U
lc
e
r
s
	

• <
5
0
%
	r
e
d
u
c
C
o
n
	in
	w
o
u
n
d
	s
iz
e
	b
y
	

w
e
e
k
	4
	

• U
n
lik
e
ly
	t
o
	a
c
h
ie
v
e
	c
o
m
p
le
t
e
	

c
lo
s
u
r
e
	a
t
	1
2
	w
e
e
k
s
3
	

1. G
elfand JM

. J Invest D
erm

atol. 2002;119:1420-1425. 2. P
hillips TJ, et al. J A

m
 A

cad D
erm

atol. 2000;43:627-630. 
3. S

heehan P. D
iabetes C

are. 2003;26:1879-1882. 



C
hronic W

ounds 

“have failed to proceed through an orderly and 
tim

ely process to produce anatom
ic and functional 

integrity, or proceeded through the repair process 
w

ithout establishing a sustained anatom
ic and 

functional result” 

M
ustoe TA

, O
’S

haughnessy K
, K

loeters O
. C

hronic w
ound pathogenesis and current treatm

ent strategies: a unifying 
hypothesis. J P

last R
econstr S

urg. 2006;117:35-41.   



W
hat M

akes a W
ound Chronic? Is It Really 30 D

ays?

Tim
e	Driven?	

• E
x
c
e
s
s
iv
e
	p
r
o
t
e
a
s
e
s
	

• D
e
g
r
a
d
e
d
	

• G
r
o
w
t
h
	f
a
c
t
o
r
s
	

• M
a
t
r
ix
	p
r
o
t
e
in
s
	

• C
e
ll	s

u
r
f
a
c
e
	r
e
c
e
p
t
o
r
s
	

• P
r
o
lo
n
g
e
d
	in
fl
a
m
m
a
C
o
n
	

• C
e
llu
la
r
	s
e
n
e
s
c
e
n
c
e
	

• In
c
r
e
a
s
e
d
	b
a
c
t
e
r
ia
l	lo

a
d
	

• In
a
d
e
q
u
a
t
e
	/
	in
a
p
p
r
o
p
r
ia
t
e
	t
r
e
a
t
m
e
n
t
	

Pa1ent	Driven?	
• D

is
e
a
s
e
s
	o
r
	c
o
n
d
iC
o
n
s
	

• C
o
m
p
e
C
n
g
	f
o
r
	o
x
y
g
e
n
	o
r
	m

e
t
a
b
o
lic
	

r
e
s
o
u
r
c
e
s
	

• M
e
d
ic
a
C
o
n
s
	

• S
t
e
r
o
id
s
	

• Im
m
u
n
o
s
u
p
p
r
e
s
s
iv
e
	a
g
e
n
t
s
	

• C
h
e
m
o
t
h
e
r
a
p
y
	

• P
a
C
e
n
t
	a
d
h
e
r
e
n
c
e
	

• D
ie
t
/
b
lo
o
d
	g
lu
c
o
s
e
	

• S
m
o
k
in
g
	

• O
ff
-
lo
a
d
in
g
	



Treat the W
hole PaHent…

.
• C

o
m
p
le
t
e
	h
is
t
o
r
y
	a
n
d
	p
h
y
s
ic
a
l	e
x
a
m
	

• R
e
v
ie
w
	o
f
	s
y
s
t
e
m
s
	

• F
a
m
ily
	h
is
t
o
r
y
	

• S
u
r
g
ic
a
l	h
is
t
o
r
y
	

• M
e
d
ic
a
C
o
n
s
	

• R
x
	a
n
d
	O
T
C
	

• A
lle
r
g
ie
s
	

• S
o
c
ia
l	h
is
t
o
r
y
	

• S
m
o
k
in
g
	/
	a
lc
o
h
o
l	h
is
t
o
r
y
	

N
ot just the “hole” in the 

patient…
 

M
ast B

A
, S

chultz G
S

. Interactions of cytokines, grow
th factors, and proteases in acute and chronic w

ounds. W
ound 

R
epair R

egen. 1996;4(4):411-442.    



The M
icroenvironm

ent of the Chronic W
ound is 

im
balanced

Lobm
ann R

, S
hultz G

, Lehnert H
. et al. P

roteases and the diabetic foot syndrom
e: m

echanism
s and therapeutic im

plications. D
iabetes C

are. 
(2005) 28:461-471. 

 H
EA

LIN
G

 W
O

U
N

D
S 

• Low
 Inflam

m
atory cytokines 

• L
 ow

 proteases, R
O

S
† 

• Functional EC
M

 and grow
th factors 

• M
itotically com

petent cells 
• A

poptotic clearing (w
ithout necrosis

) 

 C
H

R
O

N
IC

 W
O

U
N

D
S 

• H
igh inflam

m
atory cytokines, bacteria 

• H
igh proteases, R

O
S

† 

• D
egraded EC

M
 and grow

th factors 
• Q

uiescent and senescent cells 
• N

ecrosis (w
ithout regulation of 

apoptosis) 



So W
hat Can “D

erail” W
ound H

ealing

• P
a
C
e
n
t
	F
a
c
t
o
r
	

• E
C
o
lo
g
y
	a
n
d
	C
o
-
m
o
r
b
id
	c
o
n
d
iC
o
n
s
	

• H
e
a
la
b
ilit

y
	

• P
a
C
e
n
t
	c
e
n
t
e
r
e
d
	f
a
c
t
o
r
s
	

• W
o
u
n
d
	F
a
c
t
o
r
s
	

• B
a
c
t
e
r
ia
	a
n
d
	b
io
fi
lm

	

• N
e
c
r
o
C
c
	C
s
s
u
e
	o
r
	o
t
h
e
r
	d
e
b
r
is
	

• T
r
e
a
t
m
e
n
t
	F
a
c
t
o
r
s
	

• N
e
e
d
	f
o
r
	a
d
v
a
n
c
e
d
	m

o
d
a
liC

e
s
	



PaHent Factors



“H
ealability”

• H
e
a
la
b
le
	

• 
W
it
h
	a
d
e
q
u
a
t
e
	b
lo
o
d
	s
u
p
p
ly
	t
h
a
t
	c
a
n
	b
e
	h
e
a
le
d
	a
s
	

lo
n
g
	a
s
	t
h
e
	u
n
d
e
r
ly
in
g
	p
r
o
b
le
m
	c
a
n
	b
e
	a
d
d
r
e
s
s
e
d
	

• M
a
in
t
e
n
a
n
c
e
	

• 
H
a
v
e
	h
e
a
lin
g
	p
o
t
e
n
C
a
l,	b

u
t
	a
ls
o
	h
a
v
e
	p
a
C
e
n
t
	o
r
	h
e
a
lt
h
	

s
y
s
t
e
m
	b
a
r
r
ie
r
s
	c
o
m
p
r
o
m
is
in
g
	h
e
a
lin
g
,	in

c
lu
d
in
g
	

p
a
C
e
n
t
	n
o
n
-
a
d
h
e
r
e
n
c
e
	t
o
	t
r
e
a
t
m
e
n
t
	p
la
n
	o
r
	

h
e
a
lt
h
c
a
r
e
	r
e
s
o
u
r
c
e
	lim

it
a
C
o
n
s
	

• N
o
n
-
H
e
a
la
b
le
		

• 
In
c
lu
d
in
g
	p
a
llia

C
v
e
	w
o
u
n
d
s
,	c
a
n
n
o
t
	h
e
a
l	b
e
c
a
u
s
e
	o
f
	

ir
r
e
v
e
r
s
ib
le
	c
a
u
s
e
s
	o
r
	a
s
s
o
c
ia
t
e
d
	illn

e
s
s
e
s
	in
c
lu
d
in
g
	

c
r
iC
c
a
l	is

c
h
e
m
ia
	o
r
	n
o
n
-
t
r
e
a
t
a
b
le
	m

a
lig
n
a
n
c
y
	



Stress and W
ound H

ealing

• 42	m
arried	couples	aC

ended	2	hospital	visits	w
here	

each	w
as	given	a	blister	w

ound	
			-
	
O
n
	fi
r
s
t
	v
is
it
,	in

t
e
r
v
ie
w
	w
a
s
	a
b
o
u
t
	s
u
p
p
o
r
C
v
e
	a
s
p
e
c
t
s
	o
f
	r
e
la
C
o
n
s
h
ip
	a
n
d
	s
e
c
o
n
d
	

w
a
s
	a
b
o
u
t
	a
r
e
a
s
	o
f
	c
o
n
fl
ic
t
	in
	r
e
la
C
o
n
s
h
ip
	

				-
		B
lis
t
e
r
	w
o
u
n
d
s
	h
e
a
le
d
	m

o
r
e
	s
lo
w
ly
	f
o
llo
w
in
g
	c
o
n
fl
ic
t
	in
t
e
r
v
ie
w
s
	t
h
a
n
	a
P
e
r
	s
u
p
p
o
r
t
	

in
t
e
r
v
ie
w
s
	

				-
		C
o
u
p
le
s
	c
a
t
e
g
o
r
iz
e
d
	a
s
	h
ig
h
-
h
o
s
C
le
	w
e
r
e
	s
lo
w
e
r
	h
e
a
le
r
s
	

								
K
ie
c
o
lt
-
G
la
s
e
r
,	e
t
	a
l.		H

o
s
C
le
	m

a
r
it
a
l	in

t
e
r
a
c
C
o
n
s
,	p
r
o
-
in
fl
a
m
m
a
t
o
r
y
	c
y
t
o
k
in
e
	p
r
o
d
u
c
C
o
n
	

a
n
d
	w
o
u
n
d
	h
e
a
lin
g
.		A

r
c
h
	G
e
n
	P
s
y
c
h
ia
t
r
y
	2
0
0
5	

	



Stress and W
ound H

ealing
• M

ucosal	W
ound	Healing	Im

paired	by	Exam
	Stress	

• 	
2
	p
u
n
c
h
	b
io
p
s
y
	w
o
u
n
d
s
	p
la
c
e
d
	o
n
	h
a
r
d
	p
a
la
t
e
	o
f
	1
1
	d
e
n
t
a
l	s
t
u
d
e
n
t
s
.	

• 
F
ir
s
t
	b
io
p
s
y
	d
u
r
in
g
	s
u
m
m
e
r
	v
a
c
a
C
o
n
	

• 
	S
e
c
o
n
d
	o
n
	c
o
n
t
r
a
la
t
e
r
a
l	s
id
e
	3
	d
a
y
s
	b
e
f
o
r
e
	fi
r
s
t
	m

a
jo
r
	e
x
a
m
s
	o
f
	t
e
r
m
	

• 
3
	d
a
y
s
	(
4
0
%
)
	lo
n
g
e
r
	t
o
	h
e
a
l	p
r
e
-
e
x
a
m
	w
o
u
n
d
s
	

• 
D
e
c
r
e
a
s
e
d
	le
v
e
ls
	o
f
	IL
-
1
	a
n
d
	s
lo
w
e
r
	h
e
a
lin
g
	d
u
r
in
g
	e
x
a
m
s
	

						
	

					M
a
r
u
c
h
a
,	e
t
	a
l.		P

s
y
c
h
o
s
o
m
a
C
c
	M

e
d
ic
in
e
	1
9
9
8	





Plan for the Pain

• N
u
r
s
in
g
	-
	p
r
e
-
m
e
d
ic
a
t
e
	

p
a
C
e
n
t
	

• 
O
t
h
e
r
s
:	C

a
ll	a

h
e
a
d
!
	

• 
M
e
d
ic
a
t
e
	p
r
io
r
	t
o
	le
a
v
in
g
	

f
a
c
ilit

y
	f
o
r
	p
r
o
c
e
d
u
r
e
	

• 
T
a
k
e
	o
n
c
e
	a
t
	

a
p
p
o
in
t
m
e
n
t
	if
	t
h
e
y
	h
a
v
e
	

a
	d
r
iv
e
r
	

• U
s
e
	t
o
p
ic
a
l	a
n
e
s
t
h
e
C
c
s
	



Avoid Verbal Anesthesia

• �
It’s

	alm
ost

	o
v
e
r�
	

• �
It’s

	O
K
�
	

• �
T
r
y
	t
o
	c
a
lm

	d
o
w
n
�
	

• �
D
o
n’t

	m
o
v
e
!� 

• “I’m
 sorry!”

	



O
ther PaHent Centered Factors

• C
o
-
m
o
r
b
id
	c
o
n
d
iC
o
n
s
	

• L
iv
in
g
	c
o
n
d
iC
o
n
s
	

• N
o
n
-
a
d
h
e
r
e
n
c
e
	t
o
	t
r
e
a
t
m
e
n
t
	

p
la
n
	

• C
o
n
s
id
e
r
	a
lt
e
r
n
a
C
v
e
	

p
la
n
?
?
	

• S
m
o
k
in
g
	

• P
o
o
r
	d
ie
t
a
r
y
	in
t
a
k
e
	

• B
a
d
	f
o
o
d
	is
	c
h
e
a
p
e
r
	t
h
a
n
	

g
o
o
d
	f
o
o
d
	



N
utriHonal Status

• P
r
o
t
e
in
	a
s
s
e
s
s
m
e
n
t
	

• S
e
r
u
m
	a
lb
u
m
in
	

• P
r
e
-
a
lb
u
m
in
	

• T
o
t
a
l	ly

m
p
h
o
c
y
t
e
	c
o
u
n
t
	

• C
R
P
	/
	S
e
d
	R
a
t
e
	

• D
e
v
ia
C
o
n
	f
r
o
m
	U
B
W
	

• C
a
r
b
o
h
y
d
r
a
t
e
s
	

• F
a
t
s
	

• V
it
a
m
in
s
	

• M
in
e
r
a
ls
	

• W
a
t
e
r
	



Sm
oking

• Im
p
e
d
e
s
	h
e
a
lin
g
	b
y
:		

• L
o
c
a
l	v
a
s
o
c
o
n
s
t
r
ic
C
o
n
	a
n
d
	h
y
p
o
x
ia
	

• ↑
	C
O
	d
e
liv
e
r
y
	t
o
	w
o
u
n
d
	

• E
n
d
o
t
h
e
lia
l	a
n
d
	v
a
s
o
m
o
t
o
r
	d
y
s
f
u
n
c
C
o
n
	

• A
c
c
e
le
r
a
t
e
d
	a
t
h
e
r
o
s
c
le
r
o
s
is
	

• ↑
	p
la
t
e
le
t
	a
c
C
v
a
C
o
n
	

• ↓
	c
o
lla
g
e
n
	s
y
n
t
h
e
s
is
	

• ↑
	r
is
k
	o
f
	p
o
s
t
-
o
p
	w
o
u
n
d
	in
f
e
c
C
o
n
	a
n
d
	r
u
p
t
u
r
e
	

	

                      

S
orensen, et al.  S

m
oking as a risk factor for w

ound healing and infection in breast cancer surgery.  E
ur J S

urg O
ncol 2002 D

ec; 28(8): 815-820  



M
edicaHons

• S
y
s
t
e
m
ic
	S
t
e
r
o
id
s
	

• N
S
A
ID
S
	

• M
e
t
h
o
t
r
e
x
a
t
e
	

• H
e
p
a
r
in
	

• H
y
d
r
o
x
y
u
r
e
a
	

• A
m
lo
d
ip
lin
e
/
N
if
e
d
ip
in
e
	

• W
a
r
f
a
r
in
	

• S
e
le
c
t
	c
h
e
m
o
t
h
e
r
a
p
e
u
C
c
s
	

• P
o
v
id
o
n
e
			

S
m

ith R
G

.  P
odiatry M

anagem
ent  A

ugust 2008 
w

w
w

.podiatrym
.com

 



It’s a big deal! 

EHology



Treat the Cause

• G
o
o
d
	p
a
C
e
n
t
	a
n
d
	f
a
m
ily
	h
is
t
o
r
y
	c
r
iC
c
a
l	

• D
e
t
e
r
m
in
e
	t
h
e
	e
C
o
lo
g
y
	

• A
s
s
e
s
s
	a
b
ilit

y
	t
o
	s
u
p
p
o
r
t
	

• O
ffl
o
a
d
in
g
	/
	p
r
e
s
s
u
r
e
	r
e
d
is
t
r
ib
u
C
o
n
	

• C
o
m
p
r
e
s
s
io
n
	

• G
lu
c
o
s
e
	c
o
n
t
r
o
l	

• V
a
s
c
u
la
r
	in
t
e
r
v
e
n
C
o
n
s
	

• N
u
t
r
iC
o
n
a
l	s
u
p
p
o
r
t
	

• A
s
s
e
s
s
	p
o
t
e
n
C
a
l	f
o
r
	h
e
a
lin
g
	

• A
s
s
e
s
s
	c
o
m
o
r
b
id
	c
o
n
d
iC
o
n
s
	



W
ound Factors

• W
ound environm

ent 
• N

ecrotic / devitalized tissue 
• B

acteria and biofilm
 

	



W
inter G

D
. Form

ation of the scab and the rate of epithelialization of superficial w
ounds in the skin of young dom

estic 
pigs. N

ature. 1962;193:293-294. 

Epithelial H
ealing of D

eep Skin W
ounds 



Epithelial M
igraHon Beneath a Blister



M
oist W

ound Environm
ent

• In
s
u
ffi
c
ie
n
t
	m

o
is
t
u
r
e
	in
	e
x
p
o
s
e
d
	w
o
u
n
d
	C
s
s
u
e
s
	c
a
u
s
e
s
	d
e
s
ic
c
a
C
o
n
	

a
n
d
	c
e
ll	d

e
a
t
h
	

• E
x
c
e
s
s
iv
e
	m

o
is
t
u
r
e
	d
u
e
	t
o
	e
x
u
d
a
t
e
	in
h
ib
it
s
	c
e
ll	p

r
o
lif
e
r
a
C
o
n
	a
n
d
	

b
r
e
a
k
s
	d
o
w
n
	m

a
t
r
ix
	c
o
m
p
o
n
e
n
t
s
	

• M
o
is
t
u
r
e
	b
a
la
n
c
e
	in
	t
h
e
	w
o
u
n
d
	b
e
d
	is
	m

a
in
t
a
in
e
d
	b
y
	a
p
p
r
o
p
r
ia
t
e
	

c
h
o
ic
e
	o
f
	d
r
e
s
s
in
g
s
	

Too	
W
et	

Too	Dry	Just right! 



All W
ound Fluid Is N

ot Alike

• A
c
u
t
e
	v
s
	C
h
r
o
n
ic
	W

o
u
n
d
	F
lu
id
	

• M
e
t
a
b
o
lic
	a
c
C
v
it
y
	o
f
	c
e
lls
	

• G
r
o
w
t
h
	f
a
c
t
o
r
	a
v
a
ila
b
ilit

y
	

• L
e
v
e
ls
	o
f
	p
r
o
-
in
fl
a
m
m
a
t
o
r
y
	

c
y
t
o
k
in
e
s
		

(
T
N
F
α
,	IL

-
1
b
,	e
t
c
.)
	

• B
a
la
n
c
e
	b
e
t
w
e
e
n
	M

M
P
s
	a
n
d
	

T
IM

P
s
	



SequenHal D
egradaHon of ECM

 


• C
hronic w

ounds typically have high levels of M
M

P
s. These M

M
P

s sequentially 
degrade the E

C
M

 delaying healing. 
• First collagenases (M

M
P

s 1 and 8) cause initial breakdow
n of vital structure 

• N
ext gelatinases (M

M
P

s 2 and 9) further degrade already dam
aged E

C
M

 into even 
sm

aller com
ponents. 

S
lide 

courtesy 
H

ollister 
W

ound C
are 



N
ecrotic 

B
urden 

D
ead / 

devitalized  
tissue 

E
xcessive 
E

xudate 

Increased 
bacterial 
burden S

enescent 
C

ells 



N
ecroHc Tissue

• M
o
is
t
,	d
e
v
it
a
liz
e
d
	C
s
s
u
e
	s
u
p
p
o
r
t
s
	t
h
e
	

g
r
o
w
t
h
	o
f
	p
a
t
h
o
lo
g
ic
a
l	o
r
g
a
n
is
m
s
	

• B
a
c
t
e
r
ia
	t
h
r
iv
e
	in
	t
h
e
	p
r
e
s
e
n
c
e
	o
f
	n
e
c
r
o
C
c
	

C
s
s
u
e
	

• P
r
o
v
id
e
s
	a
	m

e
d
iu
m
	f
o
r
	in
f
e
c
C
o
n
	

• In
iC
a
t
e
s
	a
n
	in
fl
a
m
m
a
t
o
r
y
	r
e
s
p
o
n
s
e
	

• R
e
t
a
r
d
s
	w
o
u
n
d
	h
e
a
lin
g
	

• A
c
t
s
	a
s
	a
	b
a
r
r
ie
r
	t
o
	n
e
w
	g
r
a
n
u
la
C
o
n
	



E
schar 



Slough



Yellow
 Stuff

??



Senescent C
ells in C

hronic W
ounds 

• M
etabolically active, but nonproliferative or 

proliferating at greatly reduced rates 

• U
nresponsive or sluggishly responsive to 

chem
ical and physical stim

uli 

• D
ecreased m

igration rates 

• D
ecreased production of m

atrix proteins and 
grow

th factors 

M
ast B

A
, S

chultz G
S

. Interactions of cytokines, grow
th factors, and proteases in acute and chronic w

ounds. W
ound 

R
epair R

egen. 1996;4(4):411-442.    



D
e
fi
n
in
g
	B
io
b
u
r
d
e
n
	

• D
e
g
r
e
e
	o
f
	m

ic
r
o
b
ia
l	c
o
n
t
a
m
in
a
C
o
n
	o
r
	m

ic
r
o
b
ia
l	lo

a
d
;	t
h
e
	n
u
m
b
e
r
	o
f
	

m
ic
r
o
o
r
g
a
n
is
m
s
	c
o
n
t
a
m
in
a
C
n
g
	a
n
	o
b
je
c
t
1
	

• A
s
s
u
m
e
d
	t
o
	b
e
	q
u
a
n
C
fi
e
d
	r
e
la
C
v
e
	t
o
	t
h
e
	o
b
je
c
t
	

• In
	w
o
u
n
d
	m

a
n
a
g
e
m
e
n
t
	a
n
d
	w
o
u
n
d
	h
e
a
lin
g
,	o
P
e
n
	a
	s
t
a
t
e
m
e
n
t
	a
s
	t
o
	t
h
e
	p
r
e
s
e
n
c
e
	o
f
	

b
a
c
t
e
r
ia
	o
n
	a
	w
o
u
n
d
,	a
s
	w
e
ll	a

s
	a
	q
u
a
lit
a
C
v
e
	d
e
s
c
r
ip
t
o
r
	o
f
	t
h
e
	b
a
c
t
e
r
ia
l	s
t
a
t
u
s
	o
f
	a
	

w
o
u
n
d
	

• A
s
	a
	r
e
s
u
lt
,	it

	h
a
s
	a
ls
o
	b
e
c
o
m
e
	a
	t
e
r
m
	u
s
e
d
	t
o
	d
o
c
u
m
e
n
t
	a
n
d
	c
o
n
s
e
q
u
e
n
t
ly
	

r
a
C
o
n
a
liz
e
	a
n
d
	s
u
p
p
o
r
t
	t
h
e
	u
s
e
	o
f
	v
a
r
io
u
s
	t
r
e
a
t
m
e
n
t
	a
lt
e
r
n
a
C
v
e
s
	

• S
p
e
c
ifi
c
a
lly
	d
r
e
s
s
in
g
s
	a
n
d
	d
e
v
ic
e
s
	k
n
o
w
n
	t
o
	im

p
a
c
t
	s
u
r
f
a
c
e
	w
o
u
n
d
	b
a
c
t
e
r
ia
,	s
u
c
h
	a
s
	

a
n
C
s
e
p
C
c
s
,	a
n
C
m
ic
r
o
b
ia
l	d
r
e
s
s
in
g
s
,	a
n
d
	m

o
d
a
liC

e
s
	s
u
c
h
	a
s
	u
lt
r
a
s
o
u
n
d
		

1. S
tedm

an’s M
edical D

ictionary 



The Spectrum
 of W

ound Bioburden

	
Contam

ina1on	
	

Coloniza1on	
Cri1cal	

Coloniza1on	/	
Localized		
Infec1on	

Spreading	
Infec1on	

System
ic		

Infec1on	

Topical antim
icrobial 

dressings are not 
indicated because 

bioburden is not causing 
clinical problem

s 

Topical 
antim

icrobial 
dressings 
indicated 

C
om

bined system
ic  

antibiotics and topical 
antim

icrobial dressings 
indicated 



CriHcal ColonizaHon

• P
r
e
s
e
n
c
e
	o
f
	b
a
c
t
e
r
ia
	o
n
	t
h
e
	w
o
u
n
d
	

• H
e
a
lin
g
	p
r
o
c
e
s
s
	c
o
m
p
r
o
m
is
e
d
	

• N
o
	s
t
a
n
d
a
r
d
	s
ig
n
s
	o
f
	in
f
e
c
C
o
n
	

• M
a
y
	d
e
la
y
	h
e
a
lin
g
	v
ia
	b
a
c
t
e
r
ia
l	c
o
m
p
e
C
C
o
n
	w
it
h
	

C
s
s
u
e
	c
e
lls
	f
o
r
	o
x
y
g
e
n
	a
n
d
	n
u
t
r
ie
n
t
s
,	p
r
o
d
u
c
C
o
n
	o
f
	

b
a
c
t
e
r
ia
l	t
o
x
in
s
,	a
n
d
	in
fl
a
m
m
a
t
o
r
y
	m

e
d
ia
t
o
r
s
	

• A
ls
o
	r
e
f
e
r
r
e
d
	t
o
	a
s
	�
lo
c
a
lly
	in
f
e
c
t
e
d
�
		

(
v
s
	s
p
r
e
a
d
in
g
	in
f
e
c
C
o
n
)
	



Signs of CriHcal ColonizaHon

• G
r
a
n
u
la
C
o
n
	C
s
s
u
e
	

• C
o
lo
r
	

• F
r
ia
b
ilit

y
	

• A
b
s
e
n
t
	o
r
	a
b
n
o
r
m
a
l	

• O
d
o
r
	–
	s
u
b
t
le
	o
r
	d
r
a
m
a
C
c
	c
h
a
n
g
e
	

• In
c
r
e
a
s
e
d
/
h
ig
h
	e
x
u
d
a
t
e
	le
v
e
ls
		

in
	t
h
e
	p
r
e
s
e
n
c
e
	o
f
	g
r
a
n
u
la
C
o
n
	C
s
s
u
e
	

• W
o
u
n
d
s
	a
x
e
m
p
t
	t
o
	�
fl
u
s
h
	o
u
t�
	f
o
r
e
ig
n
	p
a
r
C
c
le
s
	o
r
	

c
h
e
m
ic
a
ls
	



Bacteria are ge`
ng 

sm
arter…

w
e m

ust also. 



M
icrocolony	

	Coaggrega1on	
Differen1a1on	

C
r
iC
c
a
l		

C
o
lo
n
iz
a
C
o
n
	

C
o
lo
n
iz
a
C
o
n
	

L
o
c
a
liz
e
d
		

in
f
e
c
C
o
n
	

S
p
r
e
a
d
in
g
		

in
f
e
c
C
o
n
	

S
y
s
t
e
m
a
C
c
		

in
f
e
c
C
o
n
	

C
o
n
t
a
m
in
a
C
o
n
	

M
a
y
	o
r
	m

a
y
	n
o
t
	b
e
	a
c
c
o
m
p
a
n
ie
d
	b
y
	t
h
e
	

�
c
la
s
s
ic�

	s
ig
n
s
	o
f
	in
f
e
c
C
o
n
	a
n
d
	in
fl
a
m
m
a
C
o
n
.			

R
e
q
u
ir
e
	in
t
e
r
v
e
n
C
o
n
	

Reversible	
AC

achm
ent	

S
w
a
r
m
in
g
	D
is
p
e
r
s
io
n
		

o
f
	M

o
C
le
	B
a
c
t
e
r
ia
	

In
fl
a
m
m
a
C
o
n
	

M
ature	Polym

icrobial	Biofilm
	

Perm
anent		

AC
achm

ent	

�
S
e
e
d
in
g�
	D
is
p
e
r
s
io
n
	o
f
	

B
io
fi
lm

	F
r
a
g
m
e
n
t
s
	

Planktonic	G
row

th	

Q
uorum

	Sensing	

Provided by G
reg Schultz, PhD

 
U

sed w
ith perm

ission 



Bacteria and Biofilm
s

• B
a
c
t
e
r
ia
	g
r
o
w
	in
	v
a
r
io
u
s
	f
o
r
m
s
:	

• P
la
n
k
t
o
n
ic
	

• F
r
e
e
	fl
o
a
C
n
g
	

• A
n
C
b
io
C
c
s
	c
a
n
	d
e
s
t
r
o
y
	e
a
s
ie
r
	

• M
o
s
t
	a
n
C
b
io
C
c
	t
e
s
C
n
g
	is
	o
n
	p
la
n
k
t
o
n
ic
	

• B
io
fi
lm

s
	

• C
o
m
p
le
x
	c
o
m
m
u
n
iC
e
s
	o
f
	b
a
c
t
e
r
ia
	(
a
n
d
	o
t
h
e
r
	o
r
g
a
n
is
m
s
)
	

t
h
a
t
	a
d
h
e
r
e
	t
o
	s
o
lid
	s
u
r
f
a
c
e
s
	

• E
m
b
e
d
d
e
d
	in
	a
n
	e
x
t
r
a
c
e
llu
la
r
	p
o
ly
s
a
c
c
h
a
r
id
e
	m

a
t
r
ix
				



Biofilm
 in a N

utshell

• M
u
lC
p
le
	s
p
e
c
ie
s
	o
f
	b
a
c
t
e
r
ia
	a
n
d
	f
u
n
g
i	

• G
m
	+
	a
n
d
	-
,	a
e
r
o
b
e
s
	a
n
d
	a
n
a
e
r
o
b
e
s
	

• E
x
u
d
e
s
	fi
lm

	o
f
	e
x
t
r
a
c
e
llu
la
r
	p
o
ly
m
e
r
ic
	s
u
b
s
t
a
n
c
e
s
	(
E
P
S
s
)
	

c
o
m
p
o
s
e
d
	o
f
	p
r
o
t
e
in
s
,	lip

id
s
,	a
n
d
	p
o
ly
s
a
c
c
h
a
r
id
e
s
.	

• T
h
e
	c
o
m
p
o
n
e
n
t
s
	o
f
	m

a
t
u
r
e
	b
io
fi
lm

	a
r
e
	a
p
p
r
o
x
im

a
t
e
ly
	5
–
2
5
%
	

b
a
c
t
e
r
ia
l	c
e
lls
	a
n
d
	7
5
–
9
5
%
	g
ly
c
o
c
a
ly
x
	m

a
t
r
ix
.	

• C
a
n
	b
e
g
in
	t
o
	f
o
r
m
	w
it
h
in
	2
	h
o
u
r
s
,	a
n
d
	r
e
f
o
r
m
	r
a
p
id
ly
	a
P
e
r
	

r
e
m
o
v
a
l	

10/7/2017 Tucson B
ack to B

asics 
dotw

eir@
aol.com 



W
hy are Bacteria in Biofilm

s H
ard to Kill?

• E
x
o
p
o
ly
m
e
r
ic
	m

a
t
e
r
ia
l	o
f
	t
h
e
	b
io
fi
lm

		

• D
e
n
s
e
	m

a
t
r
ix
	im

p
a
ir
s
	d
iff
u
s
io
n
	o
f
	la
r
g
e
	a
n
C
b
o
d
ie
s
	

• E
P
M
	m

a
t
e
r
ia
ls
	c
h
e
m
ic
a
lly
	r
e
a
c
t
	(
n
e
u
t
r
a
liz
e
)
	m

ic
r
o
b
ic
id
e
s
	

• P
e
r
s
is
t
e
r
	b
a
c
t
e
r
ia
	h
a
v
e
	lo
w
	m

e
t
a
b
o
lic
	a
c
C
v
it
y
	

• M
e
t
a
b
o
lic
	n
e
e
d
s
	a
r
e
	le
s
s
	

• A
n
C
b
io
C
c
s
	o
n
ly
	k
ill	m

e
t
a
b
o
lic
a
lly
	a
c
C
v
e
		

• O
x
y
g
e
n
	d
iff
u
s
io
n
	t
o
	c
e
n
t
e
r
	o
f
	b
io
fi
lm

	is
	lim

it
e
d
	

• P
r
o
m
o
t
e
s
	g
r
o
w
t
h
	o
f
	a
n
a
e
r
o
b
ic
	b
a
c
t
e
r
ia
	

• S
y
n
e
r
g
is
m
	b
e
t
w
e
e
n
	d
iff
e
r
e
n
t
	b
a
c
t
e
r
ia
	

• Q
u
o
r
u
m
	s
e
n
s
in
g
	

S
lid
e
	c
o
u
r
t
e
s
y
	G
.	S
c
h
u
lt
z
,	P
h
D
	



• 
A

ntibiotics only kill m
etabolically active bacteria 

• 
O

nly fluorescent bacteria are m
etabolically active 

• 
O

nly located in outer layers of the biofilm
 m

atrix 
 

M
etabolic AcHvity of P. aeruginosa in M

ature Biofilm
s is Lim

ited to the 
Surface Layers
• 
P
h
il	S

t
e
w
a
r
t
,	M

o
n
t
a
n
a
	S
t
a
t
e
	U
n
iv
e
r
s
it
y
	C
e
n
t
e
r
	f
o
r
	B
io
fi
lm

	E
n
g
in
e
e
r
in
g
.	

S
lide courtesy G

. S
chultz, P

hD
 



The Challenge of D
iagnosis

• R
e
m
a
in
s
	a
	c
lin
ic
a
l	o
b
s
e
r
v
a
C
o
n
	v
e
r
s
u
s
	a
	m

ic
r
o
b
io
lo
g
ic
a
l	t
e
s
t
	

• P
e
r
s
is
t
e
n
t
	n
o
n
-
h
e
a
lin
g
	

• S
lo
u
g
h
	f
o
r
m
a
C
o
n
	in
	w
e
ll	v

a
s
c
u
la
r
iz
e
d
	w
o
u
n
d
s
	

• R
e
p
o
r
t
e
d
	o
b
s
e
r
v
a
C
o
n
	o
f
	s
h
e
e
n
,	y
e
llo
w
	g
e
la
C
n
o
u
s
	a
p
p
e
a
r
a
n
c
e
	b
u
t
	e
a
r
ly
	b
io
fi
lm

	

is
	n
o
t
	v
is
ib
le
	

• T
e
s
C
n
g
	m

e
t
h
o
d
s
	n
o
t
	r
e
a
d
ily
	a
v
a
ila
b
le
	t
o
	a
v
e
r
a
g
e
	p
r
a
c
C
C
o
n
e
r
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