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            Historical Introduction: 
From Healers to Doctors to Nurses 
and Teams 

    Early History Until the Early 1800s 

 Tissue repair and wound healing is one of the 
longest standing and central subjects in medicine 
and surgery. While records from antiquity date 
from the Pharaonic era (1500 BC), the basis of 
wound care likely had its origins much earlier 
extending to the period of prehistoric man where 
hunter-gatherers noticed that simple application 
of pressure to a bleeding wound and subsequent 
caring for its hygiene increased the chances of 
recovery from injury. 

 The fi nding of the Ebers Papyrus (Fig.  46.1 ), 
a document from ancient Egypt, provides insight 
into early Egyptian approach to wound care. 
It outlined the use of lint, animal grease, and 

honey as topical treatment of wounds. Lint pro-
vided a fi brous base that promoted wound-site 
closure, with the animal grease serving as a 
barrier to environmental pathogens, and honey 
functioning as an anti-infective agent [ 1 ]. The 
Greeks promoted similar therapies, but extended 
our insight into wounds to include characteristics 
of acute and chronic subtypes.  

 Claudius Galenus (better known as Galen of 
Pergamon) was a prominent Greek physician and 
a surgeon who furthered the understanding of 
wounds [ 2 ]. Signifi cantly, he identifi ed the 
importance of maintaining wound-site moisture 
to ensure successful closure of the wound. 

 In the twelfth century Moses Maimonides in 
his “Surgical Aphorisms” further identifi ed the 
danger of skin “boils” and possible spread from 
these lesions, a precursor to the issue of infec-
tious contamination and lateral spread. Further 
he identifi ed the role of cauterization, heat, and 
corrosive agents as means of sterilizing a wound 
and preventing infectious spread [ 3 ]. 

 All of these early observations and insight 
were amplifi ed in the nineteenth century with the 
growth of the fi elds of microbiology and cellular 
pathology. See Fig.  46.2a–d . Finally, infection 
was recognized as being due to microorganism 
spread rather than a confl uence of bad humors. 
Further, the role of infl ammation, tissue ischemia, 
necrosis, and response to injury were revealed. 
These established the basis for a mechanistic 
understanding and approach to therapy. 
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Unfortunately, however, the same insights into 
the germ theory of medicine also led to physi-
cians and surgeons literally and fi guratively 
“washing their hands” off the problem. This 
 perception coupled with the rise of professional 
societies of nurses led to much of the day-to-day 
management of wounds being borne on the 
shoulders of nurses.   

    1850s–1995: Poultices, Plasters, 
and Polymers 

 Much of the efforts over this period of time were 
focused on serving the dressing needs of nurses. 
Dressings were designed at best to manage drain-
age and to reduce pain during dressing changes. 
During World War I, in response to the needs of 
soldiers on the Western Front, Nobel Laureate 
Alex Carrel and chemist Henry Dakin screened 
more than 200 compounds and ultimately devel-
oped a wound-irrigating solution composed of 
sodium hypochlorite (0.45–0.5 %) in a buffered 
solution. This formulation, subsequently referred 
to as “Dakin’s solution,” provided excellent anti-
microbial activity, combined with good irrigating 

properties without signifi cant caustic, corrosive, 
or painful effects [ 4 ]. 

 With the advent of synthetics and polymers in 
the 1950s, materials such as polyethylene, poly-
propylene, and polyvinyls provided constructs, in 
the form of gauzes and dressings, that further 
provided means to modulate the material proper-
ties of dressings. Some of these led to the fi rst 
widely available foam/hydrocolloid-based dress-
ings in the 1980s. More dressings such as these 
continued through the 1980s and into the 1990s 
until the next major advance: active healing 
technologies.  

    From Analog to Digital: Dressings 
and Supportive Care Meet 
Pharmaceuticals and Devices 
(Fig.  46.3 ) 

    In 1995, the fi rst pharmaceutical requiring a 
prescription, Becaplermin (Regranex ® , 
Smith+Nephew, Largo, FL), became available in 
North America. This single event led to rapid reed-
ucation of the broader community of physicians 
and surgeons into chronic tissue repair and wound 
healing. Followed rapidly by negative pressure 
wound therapy (NPWT), and cell-based allografts 
(Dermagraft (Advanced Biohealing Ltd, La Jolla, 
CA), Apligraf ®  (Organogenesis, Inc., Canton, 
MA)), there emerged choices for physicians, sur-
geons, and nurses in therapies beyond previously 
available gauzes and intraoperative management/
wound packing. In essence, technology further 
facilitated team building. This led to a dichotomy 
of sorts. The fi rst of these two historical categories 
includes dressings and supportive care, which can 
now serve to manage drainage, reduce pain and 
frequency of dressing changes, and possibly also 
reduce/modulate bacterial load. The second, phar-
maceuticals and devices, serves to promote angio-
genesis and regeneration.   

    Signifi cance of Wound Healing 

 Wound healing is a process via which injured 
tissue attempts to repair itself after injury. It is an 
intricate process in which the body tries to wall 

  Fig. 46.1    The Ebers Papyrus (c. 1550 BC) from Ancient 
Egypt ( Source :   http://commons.wikimedia.org/wiki/
File:PEbers_c41.jpg    ). By Einsamer Schütze [GFDL 
(  http://www.gnu.org/copyleft/fdl.html    ) or CC BY-SA 
3.0 (  http://creativecommons.org/licenses/by-sa/3.0    )], 
via Wikimedia Commons       
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  Fig. 46.2    ( a – d ) A brief timeline of wound healing. ( a ) 
Ignaz Philipp Semmelweis (July 1, 1818, to August 13, 
1865) was a Hungarian physician now known as an early 
pioneer of antiseptic procedures (Ignaz Semmelweis 1860. 
Copper plate engraving by Jenő Doby.  Source :   http://
upload.wikimedia.org/wikipedia/commons/f/f8/Ignaz_
Semmelweis_1860.jpg    . By Jenő Doby [Public domain], 
via Wikimedia Commons.); ( b ) Joseph Lister, 1st Baron 
Lister (April 5, 1827, to February 10, 1912). Known as Sir 
Joseph Lister. Between 1883 and 1897 was a British sur-
geon and a pioneer of antiseptic surgery (Joseph Lister, 1st 
Baron Lister, circa 1876:  Source :   http://commons.wikime-
dia.org/wiki/File%3AJoseph_Lister_c1867.jpg    . Author 
unknown [Public domain], via Wikimedia Commons); ( c ) 

William Stewart Halsted (September 23, 1852 to 
September 7, 1922) was an American surgeon who empha-
sized strict aseptic technique during surgical procedures 
(William Stewart Halsted, 1852–1922, half-length portrait. 
 Source :   http://commons.wikimedia.org/wiki/
File%3AWilliamHalsted.jpg    . Author unknown [Public 
domain], via Wikimedia Commons); ( d ) Florence 
Nightingale (12 May 1820 to 13 August 1910) was a cele-
brated English social reformer and statistician, and the 
founder of modern nursing (Florence Nightingale from 
Care de Visite, circa 1850s.  Source :   http://commons.wiki-
media.org/wiki/File%3AFlorence_Nightingale_CDV_
by_H_Lenthall.jpg    . By H. Lenthall, London [Public 
domain], via Wikimedia Commons)       
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off and eliminate infection, clear damaged and 
necrotic tissue, and rebuild damaged or lost tissue 
elements. The classic model of wound healing is 
divided into four sequential yet overlapping 
phases. These include (a) hemostasis, (b) infl am-
mation, (c) proliferation, and (d) remodeling [ 5 ]. 
Under ideal conditions these phases progress 
synchronously. Certain pathophysiologic and met-
abolic conditions can alter this course of events so 
that healing is impaired or delayed, resulting in 
chronicity, i.e., chronic wounding [ 5 ,  6 ]. 

 Perhaps the most common chronic wound in 
the developed and the developing world comes 
as a result of or concomitant with diabetes mel-
litus. According to the World health Organization, 
the epidemic of diabetes is affecting 285 million 
people (6.4 %) around the globe, and is expected 
to affect over 400 million adults by 2030 [ 7 ,  8 ]. 
A major cause of hospitalization and amputation 
among persons with diabetes is foot ulceration. 
It is estimated that one in four persons with dia-
betes in the USA will get foot ulcers at some 
point in their lifetimes [ 9 ]. As such, diabetic foot 
ulcer treatment is consuming nearly 25 % of 
overall cost of diabetes care, totaling around 
$43.5 billion [ 10 ]. Additionally, diabetes associated 

with ulceration increases the crude mortality rate 
from 6.7 to 27 % and shortens life expectancy by 
3 years, relative to the average life expectancy 
for diabetic patients [ 11 ]. 

 Additionally, as the world population is aging 
and becoming more sedentary, with an increased 
dependence on computers and automated manu-
facturing, low overall mobility results in venous 
obstruction or venous valvular dysfunction. This 
often precipitates chronic venous insuffi ciency 
which serves as yet an additional risk for foot 
ulceration. The annual prevalence of venous leg 
ulcers is estimated to be between 1.65 and 1.74 % 
in adults ≥65 years old, with anticipation of a 
substantial increase within the next several 
decades [ 12 ].  

    Wound Classifi cation 

 In modern clinical practice, patients with foot 
ulcers present with a broad spectrum of underly-
ing factors which contribute in the prognosis of 
the wound. Hence developing methods for strati-
fi cation of wounds will help guide treatment 
decisions including the decision for amputation. 

Wound Care
Technologies

• *Local: Negative 
Pressure Wound 
Therapy

• *Systemic: Hyperbaric 
oxygen

Medical devices

• *deliver exogenous 
growth factors to the 
wound bed

Cell based

• *provide healing 
base and orgnise the 
process

Matrices basedTropical Drugs

• *Isolated 
recombinant 
growth factors or 
tropical actives

  Fig. 46.3    Wound care technologies       
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 A recent advance was provided by the Society 
of Vascular Surgeons’ Wound Ischemia Foot 
Infection (WIFI) classifi cation, which was intro-
duced in late 2013 to fi ll in the gaps remaining 
with other clinical diagnostic schemes. This clas-
sifi cation systematically addressed individual 
grading of wound severity, ischemia, and pres-
ence of foot infection. Each category is graded 
based on specifi c criteria, which offers an 
improved and objective assessment of diabetic 
foot complications, and its recoverability [ 13 ].  

    The Strategies for Treatment: 
“Vertical” and “Horizontal” 

 There are two main strategies for treatment of 
ulcers, the “vertical strategy” or the “horizontal 
horizontal.” In the vertical, the focus is aimed at 
trying to resolve the issue of the depth of the 
wound—either by fi lling the gap with living 
cells or approximating the edges using negative 
pressure. In the horizontal plan, the emphasis is 
aimed at trying to re-epithelialize the area using 
different techniques such as growth factors, neg-
ative pressure, stem cells, or amniotic membrane 
derivatives.  

    Modern Cell-Based Matrices: Three 
Examples 

    Grafi x ®  (Osiris Therapeutics, 
Columbia, MD) 

 This is an example of a three-dimensional cellular 
matrix, designed to be directly applied to acute 
and chronic wounds—resulting from either burns 
or complications of the diabetic foot. It is a 
processed form of human placental membrane. 
With fl exibility, this conforming membrane pro-
vides an excellent source of living mesenchymal 
stem cells (MSCs) and growth factors to the 
wound bed. The manufacturing process main-
tains the integrity of the extracellular matrix, the 
viability of the neonatal MSCs, and the active 
growth factors. 

 A clinical trial [ 14 ] to evaluate the safety and 
effi cacy of Grafi x for treatment of chronic foot 

ulcers was conducted. The trial included diabetic 
(both types) participants with foot ulcers which 
presented between 4 and 52 weeks, located 
around the malleoli aspects, varying in size 
from 1 to 15 cm 2 , and age range from 18 to 80. 
The study protocol excluded patients with HbA1c 
above 12 %, active infection, osteomyelitis, 
cellulitis, or muscle, tendon, or joint capsule 
infections. Additional criteria were used to omit 
participants with circulatory insuffi ciency, which 
was determined using the ankle brachial index 
(ABI), toe brachial index (TBI), or Doppler. 
Participants with wound healing rates of 30 % or 
more during the screening period were also 
disqualifi ed. 

 One hundred and thirty-nine patients were 
recruited, of which 42 were disqualifi ed for 
matching the exclusion criteria. The remaining 
97 were divided into two arms, 50 who received 
Grafi x, with 47 receiving the standard wound 
therapy. No signifi cant differences were observed 
in the baseline characteristics between the two 
arms. The Grafi x arm revealed signifi cant effi -
cacy for primary and secondary endpoints when 
compared with the standard arm. 

 Thirty-one participants (62 %) of the Grafi x 
group achieved complete wound closure, with 
signifi cantly ( p  = 0.019) faster median time 
(42 days) and probability (67.1 %) of closure, 
compared to ten in the standard wound therapy 
(21.3 %), with median time of 69.5 days and 
probability of 27.1 %. Grafi x patients also 
required fewer study visits (i.e., applications) to 
achieve closure compared with patients in the 
control arm. The wound recurrence in the Grafi x 
group, after complete closure, was 12.1 % less 
than the control arm. 

 As to safety, compared with the control arm, 
participants in Grafi x arm experienced 22 % less 
adverse events, 18.2 % less wound-related infec-
tion, and 9 % fewer hospitalizations related to 
infection.  

    EpiFix ®  (MiMedx Group, Marietta, GA) 

 This is a dehydrated human amnion/chorion 
membrane (dHACM) allograft composed of mul-
tiple layers including a single layer of epithelial 
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cells, a basement membrane, and an avascular 
connective tissue matrix. EpiFix ®  is a minimally 
manipulated, dehydrated, nonviable cellular 
amniotic membrane allograft that preserves and 
delivers multiple extracellular matrix proteins, 
growth factors, cytokines, and other specialty 
proteins present in amniotic tissue to help regen-
erate soft tissue. 

 A clinical trial with similar enrollment criteria 
to the Grafi x study outlined above was conducted 
to evaluate the effi cacy of the product. However, 
the exclusion criteria were more restrictive. The 
study omitted patients with active Charcot 
arthropathy, wounds involving bone, or patients 
receiving immune system modulators. 

 The study enrolled 25 participants following 
the previous criteria; they were randomized and 
categorized into two groups, EpiFix ( n  = 13) and 
standard wound care group ( n  = 12). At the 
4-week point, the wound size of the EpiFix group 
showed threefold size reduction relative to the 
standard group, and at the 6-week mark, 92 % of 
all ulcers in the Epifi x group were completely 
healed compared to the control group (8 %). The 
mean time for wound closure in the EpiFix group 
was 50 % less than the standard. 

 During the study, only one patient in the Epifi x 
group experienced an adverse event, while four 
participants in the control arm encountered side 
effects [ 15 ].  

    Dermagraft ®  (Advanced Biohealing 
Ltd, La Jolla, CA): Human Fibroblast- 
Derived Dermal Substitute 

 Human fi broblast-derived dermal substitute 
(Dermagraft, Advanced Biohealing Ltd, La Jolla, 
CA) is composed of fi broblasts, extracellular 
matrix, and a bioabsorbable scaffold. It is produced 
by culturing human dermal fi broblast cells derived 
from newborn foreskin tissue onto a bioabsorbable 
polyglactin mesh scaffold. As the fi broblasts prolif-
erate fi lling the interstices of this scaffold, they 
secrete human dermal collagen, matrix proteins, 
growth factors, glycosaminoglycans, and cytokines 
to generate a three- dimensional, allogeneic, human 

dermal substitute containing metabolically active, 
living cells with a preferred, nearly parallel align-
ment of the collagen fi bers within human dermal 
substitute [ 16 ]. Unlike human skin, human fi bro-
blast-derived dermal substitute does not contain 
macrophages, lymphocytes, blood vessels, or hair 
follicles [ 17 ]. Studies suggest that this dermal sub-
stitute encourage healing via two mechanisms. 
Initially, Dermagraft offers living human dermal 
fi broblasts that deposit matrix proteins which facil-
itate angiogenesis. Secondly the construct delivers 
a preformed collagen matrix, receptors, and bound 
growth factors that help the migration and coloni-
zation of the host’s epithelial cells, which promote 
wound closure [ 18 ,  19 ]. 

 Greatest effi cacy with this therapy was seen in 
the treatment of ulcers of greater than 6-week 
duration, suggesting that these ulcers are defi cient 
in many of the factors necessary for healing [ 20 ]. 
In a study examining risk factors related to ulcer 
healing it was found that initial ulcers greater 
than 2 cm 2  were associated with a 150 % greater 
incidence of closure, while females were twice 
likely to heal more than males [ 21 ]. However, an 
episode of infection during the 12 weeks of treat-
ment was associated with 3.4 times increased risk 
of non-closure cases. 

 A precaution that should be taken with 
Dermagraft relates to patients with known hyper-
sensitivity to bovine products, as the packaging 
medium contains traces of bovine serum. 
Additionally the fi broblast-derived dermal 
 substitute cannot be used in cases of clinical 
infection or ulcers with sinus tracts.   

    Devices: Negative Pressure Wound 
Therapy (Fig.  46.4a–d ) 

    The main principle of the NPWT involves the 
application of local subatmospheric pressure to a 
defect, leading to a decrease of the wound mar-
gins and promotion of granulation tissue through 
enhancement of the surrounding circulation 
within the wound bed. Continuous negative pres-
sure stimulates cell proliferation and increases 
extracellular fl uid, which maintain moisture 
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within the wound, as well as stimulate fi broblast 
migration and angiogenesis. Additionally, the 
system facilitates the removal of exudate and 
infectious material, and decreases matrix metal-
loproteinases (MMPs) which degrade tissue heal-
ing and block the surrounding microvascular 
circulation [ 22 – 27 ]. 

 An early study of NPWT was conducted by 
Morykwas and colleagues [ 28 ], which reported a 
400 % increase in the subcutaneous blood fl ow 
for tissue and muscles of Chester pigs. While 
they also observed a decrease of local blood fl ow 

after 5–7 min of the continuous negative pres-
sure, they were able to reestablish high blood 
fl ow after a 2-min period of negative pressure. 

 Presently, there are several devices that allow 
for safe and effective NPWT. The most widely 
used system is the vacuum-assisted closure 
device, or VAC ®  (KCI, San Antonio, TX) ther-
apy. The VAC device is offered in several forms, 
the black traditional and the more common, 
silver, and white foam. Traditionally, black 
GranuFoam™ (KCI, San Antonio, TX) is made 
of porous (400–600 mm) relatively hydrophobic, 

  Fig. 46.4       ( a – d ) Negative 
pressure wound therapy 
(NPWT)       
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polyurethane ether. However, VAC Silver has 
micro-bonded metallic silver impregnated into 
the foam itself, whereas the WhiteFoam version 
has a premoistened, hydrophilic foam made from 
polyvinyl alcohol. This form is effective espe-
cially when used as bolster for skin grafts and 
when granulation tissue formation is not the 
desired result, as in deep-space infection. 

 A study in 2005 by Armstrong and Lavery 
[ 29 ] over a 16-week period showed that the treat-
ment with NPWT resulted in both an increased 
rate and proportion of patients healing complex 
lower extremity diabetic wounds following 
partial foot amputation. An additional study in 
2008, by Blume and colleagues [ 30 ], compared 
NPWT with advanced moist wound therapy. 
Similarly this study demonstrated that NPWT 
was more effective with 14 % more complete 
closure observed.  

    The Future: Measuring What 
We Manage 

 While many new technologies show great 
promise in facilitating robust angiogenic response 
or promoting epithelialization, tissue repair and 
chronic wound healing have suffered from a lack 
of objective criteria for success. The only hard 
endpoint that presently exists (healing) has 
become inadequate to objectively assess the 
potential therapeutic effects of specifi c agents. 
Point of care and near-point-of-care diagnostics 
such as those that can assess protease activity, 
pH, cell receptor vitality, and general/specifi c 
organization of the wound microbiome will all 
likely play a crucial role in the development of 
new classes of therapeutics over the coming 
decade [ 31 – 33 ].  

    Conclusion 

 Stemming from antiquity, basic aspects of 
wounding and wound healing—both as to cause, 
pathophysiologic mechanisms, response to 
injury, and approaches to therapy—have been 
revealed and increasingly appreciated. In the 

modern era the role of ischemia, tissue injury, 
release of metalloproteases, infl ammation, and 
infection are well recognized. Further, the time 
course of events is increasingly appreciated and 
therapeutic efforts aimed at these have been 
developed. Signifi cant advances have been made 
in all mechanistic aspects of wound treatment 
including the novel use of negative pressure, bio-
material substrates, and cell engraftment. In the 
future further advances will continue to add to 
both our diagnostic and therapeutic capabilities. 
The future remains bright for this area.     
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