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Preface

Wounds are common injuries that almost every human being experiences. They can
vary in depth of tissue damage, etiology, location, contamination, lymphovascular
integrity, and sensory neural function. They can be associated with diabetes, cardiovas-
cular morbidity, hepatic and/or renal dysfunction, immunological status, malignancy,
nutritional deficiencies, and so on. Wound healing is dependent on all these factors and
many more.

Wounds that are limited to the epidermis and superficial layers of the dermis generally
close and heal naturally. We now know the stages in this process and understand the
role of multiple mediators, growth factors, cellular contributions, and the interaction
between these components. However, there is no method by which we can control or
modify this natural process of wound healing.

The situation is different when the wound involves full-thickness skin loss with or
without loss of subcutaneous and deeper tissue. These wounds cannot achieve closure
naturally, as both epidermal and dermal elements are lost. Without intervention,

these wounds may remain as chronic, non-healing ulcers or they may close via wound
contraction and formation of scar tissue causing functional limitations, deformities,
and disfigurement. These scars may be unstable, leading to repeated breakdown, and
are likely to develop Marjolin’s ulcer, which is most often a squamous cell carcinoma of
aggressive nature. Hence, a general recommendation is that wounds that do not close or
that are not likely to close within 3-4 weeks of occurrence should be closed surgically
with skin grafting or fasciocutaneous or myocutaneous flaps.

This book, Skin Grafts for Successful Wound Closure, focuses on various aspects related

to free skin grafts; it does not address flaps. Skin autografts are necessary for providing
permanent wound closure. While harvesting a split-thickness skin autograft from the
appropriate donor area on the body of the patient, the surgeon is creating a partial-
thickness wound that needs care for healing. Justifying this new wound and the pain and
scarring associated with its healing requires a successful skin graft. Optimal preparation
of the recipient wound bed is essential for the success of the graft take.

Section I, “Wound Bed Preparation,” includes three chapters that elaborate on the
different methods of wound bed preparation. The simultaneous management of
systemic factors is necessary but is not within the purview of this publication.

The knowledge and practice of wound care are mandatory for all surgeons and thus
every surgical trainee should know the basics as well as keep up with advances in the
field of wound bed preparation and skin grafting procedures. As such, Chapter 1,
“Preparation for a Successful Skin Grafting,” in Section I describes various established
methods for wound bed preparation. Although relatively new, negative pressure wound
therapy is already well accepted and its efficacy has been illustrated in photographs.
However, there is always a search for newer, better, easily available, and affordable
topical agents, dressing materials, and techniques. Everything new requires evaluation
and established methods need to be revalidated. Chapter 2, “Experience of Wound
Bed Preparation with Different Methods,” describes the experience of the author in
evaluating a new topical agent and foam dressing prepared using new technology. It
also describes the experience of using skin allografts and xenografts in a setting where



the availability of both is uncommon. The chapter aims at providing stimulus for data
collection, analysis, evaluation, and sharing of experiences about different methods
of wound management. Chapter 3, “Haruan Extract (Channa striatus) as an Effective
Mediator in Promoting Wound Healing,” discusses a potential new method of wound
healing using extract from Haruan, a carnivorous fish observed to have properties that
are conducive to wound healing and pain relief. Research into the use of this extract

is still in its infancy. The clinical trials described have not been designed to evaluate
the effect of Haruan extract on wound healing or wound bed preparation. However,
the extract’s components and their actions suggest that this product has unevaluated
promise in the field of wound bed preparation.

Once the recipient area is optimized to receive the skin autograft, the actual procedure
needs to be performed with precision and planning. The planning process includes
choice of the donor area, type of graft and its thickness, and processing and laying of
the graft. Section II, “Skin Grafting,” reviews the procedural aspects of skin grafting
that are essential for the success of skin grafting procedures. Chapter 4, “Types of Skin
Grafts,” elaborates on the different types of skin grafts, provides guidance for choosing
the correct graft, and discusses the procedure for skin graft harvesting and how to

care for the donor site. It also gives information about methods of graft expansion

and management of complications. This information is very valuable, particularly for
surgeons undergoing training. Chapter 5, “Skin Graft Fixation and Methods,” describes
different methods of fixation of the skin graft over the wound bed. It is essential to
maintain contact between these two surfaces, as hematoma, seroma, or movement

of the graft over the wound bed can disturb nutrition to the graft in the initial period
after the procedure. In the later phase of graft take, this can lead to poor uptake of the
graft due to suboptimal vascularization of the applied skin graft thus compromising

its survival. Chapter 6, “Procurement and Use of Cryopreserved Total Skin Allograft in
Complex Wounds,” describes a new concept of using a cryopreserved full-thickness skin
allograft as an interim method in the process of achieving closure of complex wounds. In
wounds with deep tissue loss over weight-bearing areas, a split-thickness skin graft may
be inadequate in providing stable and robust wound closure due to a lack of adequate
thickness of the dermis. Use of an acellular dermis or dermal regeneration template

are other alternatives available in such a situation. Use of full-thickness allograft skin
obtained from redundant skin excised during abdominoplasty and cryopreserved after
complete defatting appears to be an effective alternative for providing neodermis over
complex wounds. If more workers in the field of wound care start using this technique,
it will allow for establishing the utility of this method in a more convincing way.

The opportunity to edit this book has given me the pleasure of acquainting myself with
the contributions of other experts in the field of wound care. I enjoyed the experience
thoroughly. I hope readers will find this book a useful resource and that its contents spur
further interest and research in the field.

I wish to express my very special thanks to Author Service Manager Ms. Mia Vulovic at
IntechOpen for all the support she provided throughout the editorial process. My very
sincere thanks to the complete publishing team.

Dr. Madhuri Gore
Consultant Surgeon,

Zen Hospital,

Chembur, Mumbai, India
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Chapter1

Preparation for a Successful Skin
Grafting

Rahul Gorka

Abstract

In this chapter, we shall look into the pre-requisites for a successful skin grafting.
This includes patient selection, identifying various factors—patient related, envi-
ronment related, treatment related, and optimizing them for a successful outcome.
Avoiding/removing the adverse factors and improving the wound bed environment
require knowledge, experience, and checklist to be followed, so as not to miss any
of these pre-requisites. This would ensure complete take of the skin graft, with
good reconstructive and esthetic outcome. Various factors include patients' general
health, comorbidities, etiology of wound, duration and contamination, granulation
tissue, local wound blood supply, wound sepsis, edema, vascular disease, wound
bacteriology culture sensitivity, etc. The ultimate goal of improving success of skin
grafting will lead to early recovery of patient, reducing hospital stay, burden on
health infrastructure, and reduced loss of workdays, thereby reducing the socioeco-
nomic impact of wound.

Keywords: skin grafting, optimizing, wound bed, graft-take, outcome

1. Introduction

Several factors have to be considered before planning a skin grafting. This
ensures achievement of optimal tissue environment at the wound site. The quality
of wound bed has to be enhanced so as to ensure a successful “take” of the skin
graft. The donor site area skin color, thickness, and mechanical property should
preferably match the recipient site skin quality. The causes of poor skin graft include
multiple factors such as chronic or insufficiently debrided wounds, poorly vascular-
ized wound bed, or high bacterial load.

2. Recipient site considerations
2.1 Wound bed preparation

Wound bed preparation is a valuable concept that attempts to systematize the
approach to the treatment of chronic wounds [1]. The “take” of skin graft depends
on a healthy well-vascularized wound bed. It is supported by an adequate quantity
of blood vessels near the surface. Appropriate skin graft take is not allowed in
ischemic, previously irradiated and scar tissues, bone, and tendon, as they have an
insufficient blood supply.

Consistency of necrotic tissue also varies as tissue damage worsens/deepens:
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* Slough: yellow/tan, thin, mucinous, or stringy (partial thickness damage)
* Eschar: brown/black, soft of hard (full-thickness damage)

We should assess the wound using a validated wound assessment tool such as the
Bates-Jensen Wound Assessment tool [2]. Skin grafting can be done in the presence
of well-vascularized peritendon and periosteum. Marginal wound re-epithelization
is seen to occur in chronic wounds, which grows into the tissue and interrupts the
lateral reconnections of the graft. Hence, it is advisable to do sharp excision of the
margins with a blade before grafting.

Quantitatively, the bacterial level must be less than 10° bacteria per gram of
tissue for a successful skin grafting. Clinically, the wound should be “clean” and
debrided of all necrotic tissues. The chief aims of treatment should be the control of
the infection and the promotion of the natural processes of healing [3]. The necrotic
tissue debris physically impedes and chemically decelerates ingrowth of blood
vessels into the skin graft. Necrotic tissue and slough are the key contributors to
wound chronicity, and thus, debridement is necessary for wound healing [4]. Those
wounds that are left open for many days contain heavy bacterial contamination and
therefore need to be substantially debrided before skin grafting. Sharp debridement
leads to the release of cytokines and mediators of inflammation [5]. The various
debridement techniques [6] used to prepare the recipient site include the following:

Debridement Definition Examples
Type
Mechanical Use of external mechanical method for Wet-to-dry gauze, water spray,
debridement of necrotic tissue whirlpool, wound wash
Enzymatic Use of topical agent containing proteolytic Collagenase
enzyme which can help slough separation Papain urea
Surgical Surgical debridement of necrotic tissue using Scalpel, scissor, curette

sharp instruments

Autolytic Separation of necrotic tissue by natural process hydrocolloids,, hydrogels,
due to proteolytic enzymes liberated by wound alginates, hypertonic dressings aid
surface and bacteria colonizing the wound autolytic process

Biologic Use of medical grade maggots to achieve wound Larval debridement therapy [7]
debridement

Conservative Sharp Wound Debridement (CSWD) is a suitable method of
debridement when there is dead necrotic tissue such as slough or eschar, callus-
tissue around the wound, or hyperkeratosis (which is clearly demarcated from the
healthy tissue, where other types of debridement may not give optimum result
and/or where speed is essential) [2].

It has been understood that a “granulating” wound has better chances of skin
graft take. Active bleeding of the wound bed can lead to hematoma collection under
the graft, thereby inhibiting graft take. Adequate hemostasis can be performed
using electrocautery and suture ligation.

Before skin grafting, the surrounding soft tissue can be adjusted to cover critical
structures such as tendons or bones if they are exposed without peritendon or peri-
osteum. A moist wound environment has been shown to accelerate wound healing
by up to 50% compared with exposure to air [8]. Vacuum-assisted closure therapy
or dermal substitutes can be used to prepare small areas of tendons and bones, by
growing granulation tissue from the sides.



Preparation for a Successful Skin Grafting
DOI: http://dx.doi.org/10.5772/intechopen.101375

2.2 Functional consideration

An optimum skin graft can give a good functional and esthetic skin reconstruc-
tion. Particular attention should be given to the size of graft needed, the degree of
wound contraction anticipated, the color and texture of the skin required, and the
need for adnexal glands. More the amount of dermis in the skin graft, lesser is the
amount of wound contraction.

Full-thickness grafts provide excellent cosmetic results since they include
the complete epidermis and dermis and thereby have minimal contraction. Full-
thickness skin grafts are commonly used for syndactyly release, nipple-areola
reconstruction, or ectropion release. Full-thickness graft donor site is limited and
can be increased by tissue expansion before harvesting.

The donor sites of very thin skin grafts like epidermal grafts heal quickly with
minimal contraction, but do not resist the recipient wound contraction. This is
desirable on areas such as large scalp wounds and abdominal wounds, where wound
contraction leads to gradual pulling of the wound edges together, reducing the
skin graft requirement. In a second stage surgery, the contracted skin graft can be
excised and the wound can be primarily closed to get better functional and esthetic
results. The skin thickness varies from upper eyelid (thin) to trunk and leg (thick).

2.3 Esthetic considerations

The final appearance of skin graft color is dependent upon skin texture, melanin
pigmentation, and blood flow. According to Gillies’ principles, like should replace
like. So the replacement of tissue from a similar or surrounding site gives the best
color match [9]. For face, full-thickness skin grafts are preferred from sites such as
supraclavicular, posterior auricular, upper eyelid, or scalp [10]. For nipple-areola
complex, skin grafts from the contralateral areola or genitalia may be used. Glabrous
skin grafts from hypothenar area can be placed over palms and soles of feet.

3. Conclusion

Preparation for a successful skin grafting entails the optimization of
patient factors including systemic and local tissue environment, in addition to

Wound immediately after Debridement

Infected Post-traumatic wound over forearm

Figure 1.
Foreaarm Infected wound management by debridement followed by NPWT dressings and Skin grafting.
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| 1) Abdominal Wound Dehiscence |

2) NPWT Dressing applied after wound Debridement

Figure 2.
Abdominal wound management by debridment and NPWT dressing.
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1) Clean Contaminated Wound prepared by Normal Saline dressings

2) Excellent Skin graft Take

Figure 3.
Thigh wound bed preparation by noormal saline dressings.

After

Figure 4.
Forearm wound preparation by topical antibiotic ointments.
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[ INFECTED DIABETIC FOOT ULCER | | After Debridement And 2 Sessions Of NPWT | \ Excellent skin graft take on well prepared bed,

Figure 5.
Diabetic foot wound bed preparation.

. After Debrid + and NPWT d i
Post Traumatic infected ulcer A e Lzl

Figure 6.
Great toe raw area wound prepavation by debridement and NPWT.

consideration of functional and esthetic factors. The author has experienced
that the simpler techniques of mechanical as well as sharp surgical debridement
followed by negative pressure wound therapy in appropriately selected patients
(as shown in Figures 1-8) fetch almost cent percent skin graft take results, with
both functional and esthetic targets achieved.
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Sacral Pressure Ulcer

Grade 3 Pressure Uleer Sacral area |

‘ NPWT Dressing applied after Debridement of

Figure 7.
NPWT dressing for pressure ulcers.

Infected Deep Ulcer after Debridement Excellent Skin graft take on bed pepared by saline dressings

Z,

Figure 8.
Diabetic foot ulcer- wound bed preparation by debridement and normal saline dressings.
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Chapter2

Experience of Wound Bed
Preparation with Different
Methods

Madhuri Gore

Abstract

The ultimate goal of wound care is to obtain wound closure either by natural
process or by use of surgical technique and so all the steps need to be taken with
a plan to reach the goal at the earliest. While performing skin grafting, closure
of the existing wound is the aim, but the procedure also creates another wound
(though superficial), causes pain, and may have healing issues. Optimal bed
preparation is mandatory to obtain successful uptake of skin graft and to avoid
loss of precious skin autograft. Every wound has its own unique needs and
demands. Different agents and methods are often needed to meet these demands.
It is essential to accrue experience and develop insight into the efficacy, utility,
and advantages of different approaches for wound bed preparation. The availability,
cost of the method, socioeconomic status of the patient, type of health care
system, ease of access to facility, expertise—all these and many other factors play
arole in deciding the choice of method for wound bed preparation. It is possible
that different methods may be developed, evaluated, and found to be useful in
different countries or different parts of the same country too. The author has
evaluated methods spread over a wide spectrum including indigenously prepared
topical agent, barrier foam dressing prepared using advanced technology, porcine
xenografts which are not available in India, and skin allografts from the very first
skin bank in India set up by the author and colleagues. The experience shared
here looks at the ability of the method to control infection, inflammation, pain
besides the time taken to achieve effective wound bed preparation and frequency
of dressing change needed, along with ease of training.

Keywords: wound bed, topical agent, porcine xenografts, skin allografts,
barrier foam dressing, control of infection, inflammation, skin autograft success,
wound closure

1. Introduction

The aim of treating a patient with a wound is to correct the systemic factors and
to achieve wound closure, either by natural processes or by using surgical techniques.
To achieve this end concept of wound bed preparation was proposed by Dr. Falanga
and Dr. Sibbald in the year 2000 [1] and updated thereafter. Besides controlling
systemic aberrations such as cardiac failure, diabetes mellitus, liver or renal dysfunc-
tion, vascular insufficiency, etc., successful management of the wound environment

13 IntechOpen



Skin Grafts for Successful Wound Closure

needs thorough understanding and assessment of multiple factors related to the
wound. The components that need attention include the following [1].

1. Tissue management

2.Infection and inflammation management
3. Moisture balance

4.Epithelial advancement

The author has had a long association with wounds—burn and nonburn. Besides
developing a simple, cheap, and easily available dressing for wounds [2], the author
had the opportunity to conduct clinical trials to evaluate new topical agents, wound
dressings and xenografts and skin allografts and their role in wound bed prepara-
tion. Some of these studies have been published and some are being shared here for
the first time. It is hoped that this may provide a stimulus for research in the field of
wound bed preparation.

A full-thickness wound that is not likely to achieve closure by natural process
or secondary suturing, or is likely to cause esthetic/functional issues if left to heal
on its own by secondary intention, needs skin grafting to achieve wound closure.
Hence while assessing the efficacy of a new tool in achieving optimal wound bed
preparation, it is essential to evaluate the following factors -

1. Time taken to achieve wound status ready to receive skin graft -This includes
separation of necrotic tissue, infection control, relief from inflammation and
edema, satisfactory vascularization, and healthy granulation.

2. Success of skin grafting procedure.
3. Availability and cost of the agent/method under evaluation.

Observations such as relief of pain, ease, and conformability of dressing, frequency
of dressing change, absence of toxicity, allergy; ease of training family members about
the performance of wound care procedures are other important considerations.

Though it would be ideal to have a controlled trial, the presence of multiple
variables affecting wound response, makes it very difficult to have absolutely
comparable study and control groups. The study related to the topical agent being
shared here, in brief, is unpublished data.

2. Topical agent: Panchvalkal
2.1 The product

It is hot ethanolic extract of barks of five trees added to liquefied petroleum jelly.
The names of the trees are Ficus Bengalensis, Ficus Religiosa, Ficus Infectoria, Ficus
Glomerata, and Azadirachta Indica.

It was shown to have broad-spectrum antimicrobial activity which included
Staphylococcus aureus, Pseudomonas Aeruginosa, Escherichia coli, Proteus 'V,
Streptococcous Pyo., anaerobes.

Studies related to mutagenicity, skin toxicity, oral toxicity, mucus membrane
irritation revealed the product to be safe.

14
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2.2 The study

To evaluate the efficacy and safety of Panchvalkal as topical agent for wound
dressing.

After obtaining approval from the institutional ethics committee, an open-
labeled clinical trial was conducted in 2003 enrolling 100 patients with wounds
after obtaining informed consent.

Initial surgical debridement was performed when needed. The wound was cleaned
with normal saline. The topical agent under evaluation was applied over the wound
and covered with paraffin impregnated tulle gras. This was covered with second-
ary dressing of gamjee and fixed with appropriate method (bandage or tape). The
dressing was changed every alternate day and the wound was evaluated for slough,
exudate, pain, inflammation along with wound photograph at regular intervals. The
time taken to reach endpoint was noted. The endpoint was readiness for skin grafting,
secondary suturing, wound closure by contraction, and/or epithelization.

The results have been provided here in brief (unpublished data). There were
73 males and 27 females included in the study. The mean age of the patients was
39.71 years with range of 13 to 75 years. The most frequent cause of the wound was
complex skin and soft tissue infection (CSSTI) (Table 1) including abscess, necro-
tizing fascitis. Surgical site infection or guillotine amputation stump, fresh burns
were the causes of wounds in 23 patients.

In 43 out of 100 enrolled patients, the wounds were sterile at the time of entry
in the trial and this included patients with fresh burns, postoperative wound
gapes, and some bed sores. These wounds continued to remain sterile at the end
of the study. In 57 patients wounds grew various pathogens at the time of entry
in the study. S. aureus and P. aeruginosa were the most common isolates, followed
by Klebsiella, Proteus, E. coli, and then Acinetobacter in a few. In 24 of 57 patients
(42.1%) the wound became sterile before the endpoint was reached. The remain-
ing wounds swab cultures grew P, aeruginosa and Klebsiella. None of the wounds
grew Streptococci at any time in the study. Reduction of edema, wound discharge,
slough, pain are all indicators of control of infection and related inflammation.

Etiology No. of patients

CSSTI 47

SSI 23

Injury—Nonburn 17

Burn injury 13

Total 100
Table 1.

Wound Etiology (topical agent).

Time in days Depth of wound No. of patients

Within 7 days Full-thickness 45

Between 7 and 14 days Full + mixed depth thickness 31

More than 14 days Full + Partial thickness 24

Total 100
Table 2.

Time taken to reach endpoint (topical agent).

15
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‘Wound depth STSG Epithelization Contraction Secondary suturing Total

Full-thickness 67 Nil 14 11 92

Mixed depth 3 3 Nil Nil 6

Superficial 0 2 Nil Nil 2

Total 70 5 14 1 100
Table 3.

Method of wound closure (topical agent).

Tables 2 and 3 provide the observations about the time taken to reach endpoint
and methods used to achieve wound closure. Total 70 wounds out of 100 required
split-thickness skin grafting (STSG) to achieve wound closure and 45 of these had
reached the endpoint in less than 7 days and the remaining 31 were ready for STSG
by 14 days. The graft take was complete in 66 of 70 (94.3%) wounds and in 4 cases
partial graft loss was noted. This indicates good graft bed preparation.

2.3 Conclusions

1. Significant reduction in wound slough, exudate from the wound, abatement in
the signs of inflammation such as edema (Figure 1la—c), pain was noted from
as early as the second day of starting the application of topical agent under
trial. The difference between these parameters at enrollment and at the end-
point was statistically significant with p < 0.05.

2. The agent was found to be suitable for diabetic foot wounds too (Figure2a and b).

3. The successful take of skin graft (94.3%) indicates that the wound bed prepa-
ration achieved was optimal in terms of wound vascularization as well as infec-

tion control.

(c)

Figure 1.
a. Necrotising fasciitis after surgical debridement. b. Wound at endpoint on day 14. c: After skin grafting.
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CASE-DA

(a)

Figure 2.
a. Diabetic foot ulcer. b. Ulcer at endpoint.

4.No side effects, local reactions were noted and the topical agent was well toler-
ated by the patients.

This study led to commercial preparation (Treval) of this topical agent and the
use could be continued. But due to the inadequate availability of appropriate quality
barks of necessary trees, the preparation of the product had to be stopped in a year
or two. We lost an indigenously prepared natural product with good efficacy for
wound bed preparation.

3. Porcine xenograft

Porcine xenograft has been used for wound bed preparation with the hope
of improving the take of skin autograft over burn and nonburn wounds [3, 4]. A
recently published article [5] compared the use of porcine xenografts with no spe-
cific method for wound bed preparation and concluded that there was no difference
in these two methods in terms of wound closure. But the author’s experience differs
from this study.

Though porcine xenografts are in use for wound management in many countries,
these are not available in India for regular use. There is no published report from
India about the use of porcine xenografts over different types of wounds. Hence, it is
important to share this Indian experience about use of porcine xenografts.

A randomized controlled trial was conducted at LTM Medical college and general
hospital by the author and colleagues in 2009-2010 after approval from the institu-
tional ethics committee. The unpublished data of this clinical trial is being shared here.
After randomization of the patients, the type of wound care the patient was to receive
was explained to the patient in detail and informed consent was obtained. None of the
patients enrolled in the study group refused to accept the porcine xenograft.

3.1 Clinical trial—Comparison between Porcine Xenograft and usual wound
dressing for wound bed preparation—A randomized controlled trial

3.1.1 Study design and protocol

Patients with wounds on any part of the body were randomized to study
(Porcine xenograft (PX)) or to control (usual dressing (UD)) group. The presence
of diabetes mellitus was not an exclusion criterion.

Porcine xenograft is not commercially available in India. So, full-thickness
porcine skin was procured from the abattoir after the pig was stunned and then
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skinned as is the usual procedure there. This skin was brought to the laboratory in
the department and split-thickness skin grafts were taken with all aseptic precau-
tions using Humby’s handle and blade. The grafts were treated with antibiotics
(Crystalline penicillin + Gentamycin) and then preserved in 85% Glycerol following
the same method as used for skin allograft preservation. These porcine xenografts
were used as required by washing them with normal saline till soft. Grafts were cov-
ered with paraffin impregnated gauze after application on the wound. Secondary
dressing and fixation were with Gamgee and bandage or tape.

The control group received wound dressing with the application of topical
agents such as povidone Iodine ointment or Framycetin cream covered by primary
nonadherent (impregnated tulle gras) and secondary dressing and bandage or tape
fixation.

3.2 Results

The wound parameters evaluated were same as described in the previous experi-
ence with Panchvalkal topical agent. The epidemiological data has been provided in
Table 4. It reveals that the study and control groups were comparable in all aspects
such as age and gender of patients, location of body parts involved, etiology of
wounds, presence of exudate. The commonest comorbidity observed in both groups
was diabetes mellitus. Other comorbid conditions observed in both groups were
hypertension, ischemic heart disease, tuberculosis, addiction to smoking and these
were comparable between the two groups. The difference in the duration of symp-
toms was not statistically significant.

The observations at the endpoint (which was the readiness of the wound to
receive STSG) have been presented in Table 5. The difference observed in the
reduction in wound size at the endpoint was not statistically significant. The
wounds in the study group treated with porcine xenografts achieved better micro-
bial clearance as compared to the control group. At the endpoint, 15 out of 30
wounds in PX group and 6 out of 30 wounds in the UD group did not grow any
organisms on culture (Table 6). This difference was statistically significant. At
enrollment, the isolates grown from the wounds in PX group were E. coli, MRSA,
Pseudomonas, and Klebsiella. At the endpoint, no wounds in PX group had a

Characters Study group (PX) Control group (UD)
30 patients 30 patients

Age range and mean 20 to 60 yrs. (41.7 yrs) 20 to 63 yrs. (40.7 yrs)
Men 22 25

Women 8 5
Extremity involvement 25 22

Other body parts 5 8

Burn & non-burn trauma 12 11

Infective & other wounds 18 19
Seropurulant exudate 22 23

No exudate 8 7

Diabetes mellitus 14 16
Duration of symptoms (Mean) 17.7 Days 8.3 Days

Table 4.

Epidemiological data of study and control group (PX and UD).
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Results Study group (PX) 30 pts Control group (UD) 30 pts
Number of patients (%) Number of patients (%)

Reduction in wound size 22 (73.3%) 20 (66.6%)

No microbial growth 15 (50%) 6 (20%)*

Clearance of slough 28 (93.4%) 25 (83.3%)

Reduction in pain score VAS 3.83 (Mean) 1.26 (Mean)*

Days to reach endpoint 8.66 days (Mean) 12.7 days (Mean)*

VAS - Visual analog scale * P value <0.05 Significant.

Table 5.
Presentation of observations at the endpoint (PX and UD).

Microbial Culture Study group Study group Control group 30 pts Control group
30 pts (PX) 30 pts(PX) (UD) Enrollment 30 pts (UD)
Enrollment Endpoint Endpoint
No isolate 8 (26.6%) 15 (50%) 7 (23.3%) 6 (20%)*
Polymicrobial 2 0 5 3
Monomicrobial 20 (66.6%) 15 (50%) 18 (60%) 21 (70%)
Total 30 30 30 30

* Pvalue <0.05 Significant.

Table 6.
Outcome of microbial culture at entry and endpoint (PX and UD).

polymicrobial infection and the organism grown from 15 wounds were Proteus in
10 and Acinetobacter in 5. In UD group at enrollment 18 wounds and at endpoint 21
wounds showed growth of single isolates. These included Klebsiella, Pseudomonas,
MSSA, E. coli at enrollment and Proteus, MRSA, Acinetobacter, and E. coli at the
end point. No wound showed the presence of streptococci at endpoint. The initial
pain score was comparable in both study (6.83) and control (6.66) group. But the
reduction in pain score indicating relief of pain was statistically significant in the
study (PX) group as compared to the control group. The mean number of days
required to reach the endpoint were 8.66 in study group and 12.7 days in the control
group (Figure 3a and b). This difference was statistically significant.

3.3 Conclusion

This study suggested that in comparison to the usual wound dressing the wound
bed preparation was achieved earlier, with a significant reduction in pain and
control of microbial load when porcine xenograft was applied over the wounds.

An associated benefit was the reduction in the frequency of dressing change in
the study group. The patients had to be admitted in the hospital or had to attend
an outpatient clinic for a dressing change. Porcine xenografts were accepted by all
patients randomized to study group.

In 86% of the patients in study group xenograft adherence to the wound bed
was noted. But the xenograft uptake (vascularization) was not noted in any wound.
Chiu and Burd [4] observed that adherence of porcine xenograft to the wound
is related to its antimicrobial action. Adherence thus indicates the possibility of
subsequent improvement in skin autograft take.

Raimer and colleagues [6] found porcine xenografts to be useful in the manage-
ment of wounds following Mohs micrographic surgical procedures.

19



Skin Grafts for Successful Wound Closure

Figure 3.
a. Wound after excision of carbuncle. b. Application of porcine xenografts. c. Wound bed preparation on day 5.

Almost 40 years ago Ersek et al. [7] commented that porcine xenograft helps to
maintain appropriate wound moisture and prevents cellular desiccation.

Though porcine xenograft was observed to be a useful temporary biological
wound cover, it is not readily available in India. So, its use continues to require spe-
cial efforts, and hence though feasible, it is not very common. This field is certainly
open for a future venture in India.

4. Cadaveric skin allograft

Though the positive impact of cadaveric skin allografts has been well recog-
nized for several decades, in India the first cadaver skin bank with the ability to
procure, process, and store the allografts was established by the author and her
supportive colleagues in April 2000 at LTM Medical College and General Hospital,
Mumbai [8].

Burd [9] and others [10] associated mainly with burn management have noted
that Allografts are more effective than Xenografts in achieving burn wound epithe-
lization as well as wound bed preparation for subsequent wound closure with skin
autograft. But the availability of cadaver skin allograft remains limited and hence
alternative methods are essential.

The experience of the author in the utilization of skin allograft has been pub-
lished [11] and is being shared here in brief with data updated to August 2010.
Over about 10 years and 6 months cadaver skin allografts were used in 215 patients.

20



Experience of Wound Bed Preparation with Different Methods
DOI: http://dx.doi.org/10.5772/intechopen.102935

Indication Number of patients (%)

Primary excision and temporary wound closure 56 (26.1%)

Promotion of epithelization 54 (25.1%)

Poor general condition 33 (15.3%)

Wound bed preparation 72 (33.5%)

Total 215 (100%)
Table 7.

Utilization of skin allografts.

The majority of these were burned patients except for seven patients (four with
nonburn trauma and three with necrotizing fasciitis) in whom the allografts were
used for wound bed preparation. The different clinical situations that led to the
utilization of skin allografts have been shown in Table 7. The allografts provided
remarkable pain relief besides promotion of epithelization reducing the need for
autograft. Excellent wound bed preparation was achieved by control of infection
(Figure 4a—c), maintenance of moisture balance, improved wound vascularization,
and control of protein loss from wound leading to improved general condition. The
autograft take was observed to be 100%. These effects have been observed by many
[9, 12, 13]. Nonburn wounds too showed control of slough formation and improved
vascularity with the use of skin allografts (Figure 5a and b). In case of failure of
autograft take, use of skin allograft salvaged the situation and re grafting could be

Figure 4.
a. Burn wound unsuitable for skin autograft due to infection, poor granulation. b. Wound bed preparation
after application of skin allografts. c. Wound closure with autograft in two sittings.
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(b)

Figures.
a. Necvotising fasciitis wound post debridement. b. Wound improvement with skin allografts.

a) " (b)

Figure 6.
a. Loss of skin autograft. b. Salvage using skin allografts.

Figure 7.
a. Intermingled skin allograft and autograft. b. Outcome of intermingled skin grafting.
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avoided (Figure 6a and b). Allograft was used for wound closure as intermingled
grafting (Figure 7a and b).

Skin allografts are also effective as method of temporary wound closure for
chronic nonhealing wounds such as venous ulcers and diabetic ulcers as allografts
stimulate the release of growth factors and cause modification of the wound micro-
environment [14, 15].

4.1 Conclusion

Skin allograft was found to be extremely effective in controlling infection,
improving wound vascularity, reducing pain, promoting epithelization, improving
general condition—all this with fewer dressing change procedures. Once again it
was apparent that skin alone is the best replacement for lost skin. But the pos-
sibility of disease transmission, the immunogenicity of allograft, and the limited
availability of allografts are the main hurdles in the use of skin allografts. Probably,
tissue-engineered skin would provide an effective but certainly expensive answer to
achieve wound closure for many [13].

5. Barrier foam dressing

Several types of wound dressings are available and the choice depends on the
condition of the wound. The condition of a wound may vary from time to time
depending on multiple factors such as infection, slough, discharge, and hence
the choice of appropriate dressing should also change accordingly. Moist wound
healing is a well-accepted concept, but excessive wound exudate is harmful for
optimal wound bed preparation as it damages the extracellular matrix. Foam is an
absorptive material that can be useful as a dressing for exuding wounds [1]. Foams
impregnated with antimicrobials (most often Silver) have been in use for more than
a decade and these are drug-eluting type of dressings. The antimicrobial action of
these agents needs penetration through the cell wall of the organism. This mecha-
nism itself is likely to lead to the development of resistant organisms [16]. Besides,
sustained release of antimicrobial is likely to lead to cytotoxicity.

To overcome this issue barrier foam dressing has been prepared using NIMBUS
technology [17]. This has polyurethane foam coated with poly diallyl-dimethyl
ammonium chloride which is a quaternary ammonium compound—a surface-active
agent. The technology is such that it does not permit leaching of the active agent
from the foam and the antimicrobial action is due to contact with the microbial cell
wall and not by entry inside the organism. This mechanism prevents the develop-
ment of resistant organisms [17]. The study conducted by Tran et al. revealed
that this barrier foam dressing effectively inhibits bacterial attachment and the
formation of biofilm [18]. The dressing can be used as primary dressing without the
application additional topical agent on the wound.

An open-labeled study was conducted by the author to evaluate the safety and
efficacy of barrier foam dressing. The study details and the outcome has been
published [19].

5.1 Conclusion
On completion of the study, the conclusion was that the foam dressing was
effective in absorbing and reducing the wound exudate which reflects control

of wound infection (Figure 8a and b). It aided the separation of necrotic tis-
sue from the wound bed and hence good wound bed preparation was achieved
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(b)

Figure 8.
a. Diabetic foot ulcer. b. Wound bed preparation at endpoint.

=
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(a) (b)

Figure 9.
a. Amputation stump. b. Wound bed preparation at endpoint.

(Figure 9a and b). Dressing change was not painful. It was easy to train the relatives
to do the wound dressing.
This barrier foam dressing is now available commercially.

6. Discussion

From the moment a wound occurs its journey towards closure begins. Besides
the management of systemic factors, the role played by different components of
wound care methods is extremely crucial in augmenting the process of wound
closure. The components include wound cleaning agents, methods of wound
debridement, topical agents, various dressing materials, skin and skin substitutes,
and specific methods such as Negative Pressure Wound Therapy (NPWT), multi-
layered compression bandages. Some of these methods have been discussed in other
chapters in this book.

Relatively simple modification like silver ion impregnation in porcine xenografts
provides effective antimicrobial wound dressing for colonized chronic wounds
according to Ersek [20]. This characteristic could be useful in wound bed prepara-
tion of significantly infected wounds with resistant organisms. A successful skin
grafting procedure is life-saving for patients with large burns. Ersek has also reported
significant improvement in the take of widely meshed skin autograft when covered
with silver-impregnated porcine xenograft [21]. This modification would certainly
increase the cost of the treatment but then our patient population does extend over
a wide socioeconomic spectrum. The author has no personal experience of use of
this product. New developments are always welcome but certainly, need appropriate
evaluation and identification of indications for the use of new product or method.
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New technologies, new agents aiding debridement, new concepts related to
temporary or permanent wound closure methods to aid wound bed preparation
and wound closure will certainly continue to develop. Out of multiple methods
available for wound bed preparation, the choice would continue to depend on the
properties and quality of the method and the need of the wound at that point in
time. The same method may not be appropriate for all wounds and hence thorough
understanding of different methods is essential while working in the field of wound
care. The choice of the method also depends on its availability, cost, affordability
of the patient, access to the health care facility, the familiarity of the healthcare
worker with the method, possible undesirable effects, and acceptance by the
patient. Difficult access, financial constraints may make it necessary to train the
family members of the patient to perform the wound care procedure. This situation
would certainly have an impact on the choice of wound bed preparation method.
Development of new methods will continue and consideration of all the above-
mentioned issues is essential while conducting proper evaluation of these methods.

7. Conclusions

Here, the author has shared her experience of evaluating different methods
from topical agent, barrier foam dressing to xenografts and allografts. Each of these
has its place in wound bed preparation. The topical agent, indigenously prepared
was found to be effective in controlling infection, inflammation and led to good
wound bed preparation. But it is no longer available. The barrier foam dressing uses
a different technology and was found suitable for infected, exuding wounds with
necrotic material along with ease of dressing change and easy training of family
members. Though the study was not a controlled trial, the author would prefer
barrier foam dressing over the conventional wet to dry dressing method which is
painful and training of family member is difficult. Porcine xenografts were found
to be effective in control of infection, pain and aided epithelization and wound bed
preparation leading to successful graft take. But consistent and focused effort is
needed to make it available in India as an indigenous product. Skin allografts played
an excellent role not only in preparing the wound bed, reducing the need for skin
autograft but also lead to remarkable improvement in the general condition of the
patient, particularly with large burn wounds. But deceased donor skin donation is
still a relatively new concept in India, the availability of skin allograft is limited.

It is hoped that this sharing of experiences would provide food for thought, the
stimulus for development of newer products using indigenously available resources,
blooming of new concepts adaptable for the patient population in given region or
country. The appropriate evaluation of these innovations would identify the indica-
tions, make them cost-effective and affordable to the vast population of patients
with wounds spread all over the world.
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Chapter 3

Haruan Extract (Channa striatus)
as an Effective Mediator in
Promoting Wound Healing

Ahmad Farouk Musa and Cheang Jia Min

Abstract

Wound healing remains a major issue in surgery. None of the existing treatment
modalities in caring for wounds can yet claim to be the holy grail of wound
management. Channa striatus, locally known in Malaysia as Haruan, is a fresh-
water air-breathing carnivorous fish that is proven to influence the different
phases of wound healing. As a medicinal fish, not only does Haruan have a high
content of amino and fatty acids, which are essential in collagen fibre synthesis
during wound recovery, it also abounds in arachidonic acid and polyunsaturated
fatty acids that promote prostaglandin synthesis, a vital component of the
healing process. Moreover, its antinociceptive effects could potentially reduce
wound pain, an important factor in wound healing. Proteomic studies show
that a quarter of the total protein detected in freeze- and spray-dried C. striatus
extract are actin, myosin and tropomyosin — all molecules that play a role in the
wound healing process. Proteomic profiling also reveals that Haruan possesses
two types of collagen namely collagen type-I and type-II that confer tensile
strength during the healing process. It is proven that collagen along with other
components of the extracellular matrix form the granulation tissue which, when
contracted, closes the wound and concomitantly aligns the collagen fibres in
the extracellular matrix. Hence, it is inferred that Haruan promotes the matura-
tion of granulation tissue, thereby expediting the wound healing process itself.
Consequently, it could mediate a faster recovery from surgical wound coupled
with a lower incidence of wound infection due to an improved and accelerated
wound healing process. Additionally, Haruan has demonstrated its ability in
promoting angiogenesis and cell proliferation in wound bed preparation for skin
grafting. Furthermore, a Haruan aerosol concentrate can act as a wound dress-
ing at the donor site thereby enhancing the healing process while simultane-
ously exhibiting some antinociceptive properties. Haruan’s exceptional ability
in promoting wound healing together with its potential use in skin grafting
would be instrumental in the field of surgery. In essence, the cumulated benefits
from all the processes involved would translate into a significant reduction of
hospitalisation cost; that would immensely benefit not only the patient, but also
the government.

Keywords: Haruan, Channa striatus, wound healing, proteomic studies,
skin grafting, economic burden
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1. Introduction

A wound is a mechanical injury to the body leading to disruption of the
normal anatomical structure and function. It can be classified into acute and
chronic wounds. Acute wounds normally proceed through the reparative process
in an orderly and timely manner to restore anatomical and functional integ-
rity. Conversely, wounds that demonstrate signs of delayed and interrupted
healing and fail to go through the normal healing process are termed chronic
wounds [1-3].

Wound healing reflects a cascade of complex, highly regulated biological
events to restore the body’s anatomical function back to its pre-injured state.
Unlike acute wounds that heal by primary intention where the edges of the wound
are apposed and held together with minimal scarring, chronic wounds heal by
secondary intention [4, 5]; they form granulation tissue which fills the wound
defects.

2. History of wound care and wound dressing

Wound management involves providing an optimum environment to
promote healing, control bleeding and prevent infection. The history of
wound care traces its origin to the Sumerians, a civilisation believed to be
older than 2,000 BC [6]. In their manuscript, three healing gestures - cleansing
the wounds, making the plasters and bandaging the wounds — were identi-
fied [7].

The ancient Egyptians and Greeks also contributed to the evolution of wound
management. The Egyptian medical papyri documented the principle of wound
closure to aid healing and the utilisation of honey, grease and lint as the main
constituents of the most common plaster. It was believed that lint, a derivative of
vegetable fibre, serves an absorbent role; grease or animal fat forms a barrier against
bacteria; and honey, the most frequently cited ingredient in multiple topical wound
preparations, possesses various healing and antibacterial properties favourable for
wound healing [8, 9].

Interestingly, the Greeks were the first to recognise the difference between
infected and uninfected wounds, using terms such as “fresh” or “non-healing”
to describe wounds [10, 11]. Galen of Pergamum (120-201 AD) is a Greek
surgeon who made remarkable contributions to wound and haemorrhage
management. He emphasised the maintenance of wound moisture and the
application of styptics consisting of basic elements with antibiotic properties
for optimum wound healing [12, 13]. Despite advances in modern technology,
Galen’s basic principles are still incorporated into the development of current
wound dressings.

Additionally, the Hippocratic collection discussed the addition of wine to
obstinate ulcer for maximal wound healing [13]. Indeed, in ancient times, a number
of magical and mythological agents were utilised as wound dressings; they include
honey, plaster, wine and milk. While some of them demonstrate significant phar-
macological roles, others merely have ritualistic meanings [13].

In the modern era, a wide array of dressings and wound care products
with their properties tailored to special wound care needs were invented. In
fact, Winter’s study [10-13], which concluded that moisturised wounds heal
quicker than dry wounds, sparked an explosive burst in the evolution of wound
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dressings. Thanks to modern technology, novel techniques such as the adop-
tion of growth factors, bioengineered tissue, negative pressure therapy and
hyperbaric oxygen therapy are nowadays implemented in wound management.
Nonetheless, none of the existing modalities can claim to be the holy grail of
wound management.

Alongside the cosmetic advancement in the past decades, skin grafting — a
source of epithelium for both acute and chronic wounds - has become increas-
ingly prevalent [14, 15]. However, quite surprisingly, skin grafting is not a new
concept; for the past 3500 years, it has been extensively practised by a string of
renowned physicians. These include Aulus Cornelius Celsus (25 BC - 50 AD),
the Roman author of the first systematic treatise on Medicine; Claudius Gelenus
(129 AD - 210 AD) popularly known as Galen, a prominent Greek physician;
Jaques-Louis Reverdin (1842-1929), the Swiss surgeon who performed the first
“fresh skin” allograft; and George David Pollock (1817-1897), a British surgeon
known as a pioneer of skin grafts [16-24]. Throughout the years, the roles and
functions of skin grafting have expanded. Nowadays, skin graft is an indispens-
able therapy in burn reconstruction, major traumatic injuries and surgical defects
[25, 26]. Nonetheless, it still suffers from major drawbacks such as compromised
skin grafts, skin graft rejection and skin graft contractions particularly in elderly
patients, immunocompromised individuals and those on immunosuppressant
medications [27-35].

Meanwhile, TIME - a concept that stands for Tissue, Infection or
Inflammation, Moisture, and Epithelial edge advancement — is a new framework
of wound bed preparation initiated by Schultz and his team in 2003 to achieve
optimal wound healing [36, 37]. As the freshwater fish Haruan is naturally gifted
with numerous antinociceptive and antimicrobial capabilities, high water con-
tent and ample amounts of amino acids and polyunsaturated fatty acids essential
for granulation tissues formation and epithelialisation, it fits the components of
Tissue, Infection and Moisture in the TIME framework. Therefore, we can pos-
tulate that Haruan fish also has the potential to function as an effective wound
dressing.

3. Stages of wound healing

The phases of wound healing is a continuum that encompasses homeostasis,
inflammatory, proliferative and maturation phases under stringent regulation of
growth factors, cytokines, and chemokines [38]. Admittedly, the various phases
of the wound healing process can overlap and go awry anytime. The inflam-
matory phase is the shortest of all phases and, if arrested, wound healing will
be delayed and fibrosed tissue may be formed. Meanwhile, in the proliferative
phase, the wound is shrunken in size until the maturation phase. Despite the
surface of the wounds being closed completely, full tensile strength might take
up to twelve months to develop [3, 4, 38-40]. Table 1 below describes the dif-
ferent stages, mechanisms and molecules at interplay during the wound healing
process.

Unfortunately, despite the enormous efforts made in skin repair, a wound can
never achieve the maximum tensile strength of a normal skin. Additionally, owing
to its tight regulation by a multitude of factors, proper wound healing can be easily
impeded. Indeed, chronic non-healing wounds are a common phenomenon.

Figure 1 describes both the intrinsic and extrinsic factors that affect wound healing.

31



Skin Grafts for Successful Wound Closure

Stages Mechanism Main molecules
Homeostasis * Vasoconstriction ¢ Complement prostaglandins
* Initiation of coagulation cascade * Vascular endothelial transform-
 Formation of clot at the site of injury ing growth factors
* Nitric oxide
* Cytokines
* Platelets
Inflammatory ¢ Vasodilatation * Cytokines
* Recruit and activation of neutrophils and * Growth factors
macrophages for phagocytosis + Neutrophils
* Synthesis of wound exudate + Monocytes and macrophages
Proliferative ¢ Formation and proliferation of granulation * Fibroblasts
tissues * Macrophages
* Fibroblasts and collagen production + Collagen
* Formation of vascular network via angiogenesis Extracellular ground substance
. Contl.‘action — contractile cells pull the wound « Growth factors
margins together
* Epithelialisation — growth of epidermal cells " Proteases
over the surface of the granulation tissue * Epidermal cells
Maturation * Fibroblasts reduce in number * Fibroblasts
¢ Vascularisation decreases * Collagen
* Tensile strength increases ¢ Matrix metalloproteinases
(MMPs) and inhibitors
Table 1.

Stages of wound healing [3, 4, 38—40].

e Circulatory status * Mechanical stress

* Body immunity * Debris

e Age * Temperature

¢ |lIness and * Desiccation
medications e \Maceration

* Body build and e Infection

nutritional status
Psychosocial factors

Figure 1.
Factors that affect wound healing.

4. Whatis Haruan

Channa striatus or snakehead murrel, commonly known as Haruan or
Gabus in the Southeast Asian region, originates from the family Channidae or
Ophiocephalidae [41]. It is a tropical, aerobic, carnivorous freshwater species mea-
suring around 100 cm. It is sexually active at 30 cm, with a dark dorsal surface and
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sides, and mottled with a combination of black and ochre; it also has a white belly, a
large head resembling a snake and a fully-toothed mouth with large scales. It preys
on smaller fishes and frogs for survival. Since C. striatus is an obligate air-breather,
it survives by burrowing in muds of lakes, rivers or canals, keeping its skin and
air-breathing apparatus moist while surviving on stored fats [42, 43]. Wild Haruan
lives a solitary life except in the spawning season. Figure 2 shows a solitary Haruan
in an aquarium with a glass reflection showing its white belly.

Figure 2.
Wild Haruan - Channa striatus - in an aquarium.

Pairs breed during most months of the year, laying hundreds of amber-
coloured eggs. The eggs, guarded by both parents, are non-adhesive and they
hatch within one to three days. The adults have compact muscles and a less bony
structure which give them the desirable characteristics of a predatory fish [43].
Besides, they are highly aggressive predators with the ability to travel overland to
exploit new bodies of water [42]. Figure 3 describes the characteristics of Channa
striatus or Haruan.

Figure 3.
Summary of the chavacteristics of Haruan species [41-43].
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* Obligate air-breathing species

* Cavernous freshwater fish

» Common habitats: small ditches, ponds, rivers, lakes, rice fields
* Ideal water temperature for survival: around 20-30°C

* Depth of water: below two meters

* pH of habitat: 4.30 to 7.90

Haruan fish can be farmed though it is considered a pest or predatory species in
Europe, North America and Australia, being a voracious predator and a competitor
of native fish species [44, 45]. When it is reared in a controlled habitat, the param-
eters of the aquatic environment such as the pH, temperature and water depth
should be kept as close to its natural habitat as possible. For its diet, Haruan fish can
be fed with a wide range of food products including formulated food [46-48].

However, compared to other species such as Keli or Tilapia fish, Haruan fish
farming is not popular for two reasons: firstly, being a predator, it can easily
eat up the surrounding aquatic animals and small terrestrial rodents; secondly,
its commercial benefits have not been extensively publicised to receive enough
attention [49, 50].

In Malaysia, Haruan fish is cherished as a wholesome delicacy; it is served in a
multitude of preparations ranging from steamed, grilled, spiced, fried, roasted,
in the form of soup to even raw [51]. According to a study [52] conducted by
Haemamalar and his team in Krau Wildlife Reserve, Haruan fish was reported to
be one of the sources of freshwater fish among the Orang Asli (aboriginal people)
tribunates.

Additionally, Haruan serves as a natural remedy for the local population. The
National Health and Morbidity Survey carried out in 2014 [53], which looked at the
prevalence of food supplements and the reasons for their intake, demonstrated that
of the 0.68% of Malaysians consuming Haruan as a dietary supplement, 90.82% did
so based on its alleged health benefits.

Thanks to the Chinese and Malay communities, Haruan has acquired a reputa-
tion for wound healing for the past several decades [54]. Poh et al did a research
[55] involving a total of 134 Chinese mothers during the months of childbirth;
they found out that Haruan fish was reported by a quarter of the participating
women as either a necessary or a recommended food owing to its wound healing
property [56]. Nonetheless, the wound healing effect of Haruan was merely anec-
dotal until two recently published clinical trials [57, 58] scientifically confirmed
this common belief.

5. Preparation of Haruan
5.1 Cooking

Different cooking methods of Haruan fish can generate different outcomes. For
instance, Haruan fish fillets preserve their nutritional value when grilled but absorb
too much oil when fried, which can be detrimental to health [59]. Meanwhile, when
prepared in soup, the time and heat utilised have to be properly adjusted for the
snakehead fish to retain its nutritional value [60].
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5.2 Topical agent

Haruan fish can also be converted into a topical agent in the form of spray or cream.
This preparation involves the addition of a propellant (spray) or aqua cream (cream)
to the Haruan extract [61, 62]. When Haruan is formulated into aerosol concentrate
and sprayed on a wound, it will form a thin layer of dressing that acts as a protective
barrier against the outside environment [63]. This minimises the physical pain as well
as the mental suffering associated with dressing application and removal [64].

5.3 Haruan capsules

The principal author of this chapter worked collaboratively with the School of
Pharmacy, Universiti Sains Malaysia, to process Haruan capsules for his research work
together with fellow surgeons at the National Heart Institute, Kuala Lumpur, several
years ago. Admittedly, oral Haruan supplement has a higher amount of concentrate
which is believed to yield more merits compared to eating the flesh itself. Besides, for
surgical or major traumatic wounds that involve multiple tissue layers, oral admin-
istration of Haruan extract is deemed superior to topical application [65, 66]. The
detailed steps in the preparation of Haruan capsules are described in Figure 4.
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| sworedat-18°C for B cut, weighed and and dried in an into 5:;":;;; ic was packed [rlnu
| preparation " sterilisedinan oven at 60 °C for i 2 R empty -'*3"3 gelatin
o Autoclave machine 48 hours Omogenousty an L capsules
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Figure 4.
Preparation of Haruan capsules [57].

6. Laboratory works
6.1 Chemical properties

Haruan is considered a crucial source of protein (78.32 + 0.23%), lipid
(2.08 £ 0.08%) and vitamin A (0.265 + 0.013 mg) [49, 67, 68]. A proximate analysis
of Haruan revealed that the ratio of crude protein, crude fat to crude ash in Haruan
is 23:5.7:1.8 [67, 68]. In fact, Haruan is rich in amino acids and fatty acids, particu-
larly glycine and arginine, which help minimise protein losses and enhance collagen
synthesis essential for wound healing [56, 69, 70].

Interestingly, Haruan also synthesises polyunsaturated fatty acids, which accel-
erate wound healing via the mediation of prostaglandin and thromboxane synthesis
[49, 68, 71-73]. Furthermore, apart from the major fatty acids such as stearic acid
and linoleic acid [56, 74], Haruan possesses an unusually high profile of arachidonic
acid (AA) and docosahexaenoic acid (DHA) which lower the risk of coronary artery
disease [56, 67, 68, 75-77]. In terms of dietary nutritional elements, micronutrients
such as magnesium, copper, zinc, iron, calcium and manganese and trace amounts
of nickel and lead are also present in Haruan [78-80].

6.2 Antimicrobial effects

Exposed to an aquatic environment full of microbiota, fish usually develop
their own immunity to safeguard against pathogens [81-83]. As a front-liner and
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paramount component of the innate immune system, fish mucus possesses a broad
array of proteins and enzymes such as lysozyme, immunoglobulin, complement
proteins, lectins and proteolytic enzymes that can phagocytose and digest micro-
organisms [84-90]. Furthermore, it constantly secretes and sloughs off the skin

to avoid adherence and prolonged colonisation by parasites [84-89]. Hence, fish
skin mucus is regarded as a potential antibacterial therapeutic agent [91, 92]. The
multiple roles of Haruan mucus are described in Figure 5.

Barrier between
the fish and the
environment

Part of the innate
immune system

Osmoregulation

Swimming
performance
booster

Protection against
abrasion

Figure 5.
Roles of the fish mucus [91, 92].

In recent years, extensive work has been conducted to analyse the antibacte-
rial effects of the mucus of fish species [93-97], including the Channa species.
Several research studies [48, 98-104] were performed over the years to evaluate
the antibacterial and antifungal activities of Haruan. Most of the studies [99-104]
revealed that Haruan displays some antimicrobial activities, except two studies
[98, 99] which detected negligible inhibitory effects against Staphylococcus aureus
and Escherichia coli strains respectively. As wound infection and dehiscence — two
disastrous yet frequent complications of surgical wounds - are the common factors
of delayed wound healing, the antimicrobial activity of Haruan is an added merit
for wound dressing [105-107].

6.3 Antinociceptive properties

Pain can have a deleterious impact on wound healing [108, 109]. Coupled with
chronic inflammation, prolonged pain can trigger a vicious cycle that hinders
wound healing [110]. Fortunately, appropriate wound dressings with sufficient pain
control can enormously improve wound healing outcomes, with accelerated wound
healing and, consequently, a shorter hospital stay [111].

The antinociceptive effects of Haruan in postoperative and traumatic patients
have long been discussed and reported. For instance, an earlier Haruan study
[112] conducted abdominal constriction and tail flick test on mice and found that
Haruan not only possesses peripherally-acting antinociceptive activity, but its
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extracts could also act synergistically with other painkillers such as morphine
to relieve postoperative pain and discomfort. These findings are supported by
another study conducted by Solihah et al [113] who presented a similar positive
result. The underlying mechanism is thought to be attributed to the presence of
fatty acids and amino acids, particularly arginine, glycine and arachidonic acid,
in addition to the involvement of the L-arginine-nitric oxide-cGMP pathway
[42, 114]. In fact, the antinociceptive effects Haruan remain relatively stable in
a wide range of temperature and pH; this allows the essence to be extracted and
processed safely for future use [115].

6.4 Wound healing capabilities

Freshwater fish constitute 60-70% of the animal protein intake in Malaysia
[116]. Previous studies demonstrated that Haruan contains a high content of
albumin which promotes the formation of collagen [117-119]. Moreover, it hasa
considerable amount of copper and zinc that can help accelerate wound healing by
maintaining cell stability, besides promoting wound remodelling and the formation
of blood vessels and fibrosis or scar [119-124]. Additionally, the presence of ele-
ments such as hydroxyproline, glycine, arachidonic acid and arginine in Haruan is
another essential source of collagen [124-126].

It is therefore no surprise that the collagen content in Haruan is relatively
high. Indeed, collagen plays a determining role in expediting wound healing via
various mechanisms. According to Kwan et al who performed proteometric profil-
ing of Haruan, two types of collagen, namely type I and type II collagen, were
detected [127, 128]. Both of them increase the tensile strength [129]. In fact, when
the increased tensile strength and glycosaminoglycan of Haruan was examined
and compared to cetrimide, it was reported that Haruan is superior to cetrimide
in improving wound contraction and the fibroblastic phase of wound healing
[61, 130, 131]. Furthermore, it was found that the collagen in Haruan can help pro-
mote the maturation of granulation tissue which accelerates wound healing. Haruan
can act in synchrony with the other components of the extracellular matrix to form a
granulation tissue which subsequently contracts and seals the wound. Concurrently,
it aligns the collagen fibres in the extracellular matrix. If the area of involvement is
wide enough, the granulation tissue could be reserved for split skin grafting. The
various steps of collagen involvement in wound healing are described in Figure 6.
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L Act as a scaffold in connective tissues

Promote maturation of the granulation tissues

| Regulate inflammatory response to injury.

Synthesize protein, inflammatory cytokines and growth factors

) Involved in platelet aggregation and wound contraction

/ : =
( Mediate cellular activities and response

Figure 6.
Wound healing effects of collagen [132-135].
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According to the researchers [128] who performed proteomic profiling of
Haruan extract at the Analytical Biochemistry Research Centre, Universiti Sains
Malaysia, the proportion of actin, myosin and tropomyosin to the total protein in
freeze-dried and spray-dried Haruan water extract are 25% and 26% respectively.
While it is known that these three structures play a significant role in muscle
contraction in the sliding filament theory, many were unaware that that they also
work hand-in-hand in the wound healing process. Tropomyosin can help control
cell functioning of actin while actin can regulate vital cellular functions during
re-epithelisation involving cell division, cytokinesis and cell signalling, seal the
embryonic wound as well as interact with myosin in the regulation of cell motility
[132-134]. The functions of actin, myosin, and tropomyosin during the wound
healing process are diagrammatically summarised in Figure 7.
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Figure7.
Functions of actin, myosin, and tropomyosin in wound healing [57, 128].

7. Clinical trials on Haruan

To the best of our knowledge, only two clinical trials have reported the effects of
Haruan in wound healing to date.

One study [57] was conducted by the principal author of this chapter. The
researchers performed a double-blinded, randomised, controlled trial in 2018 at
the National Heart Institute to look at the effects of Haruan fish extracts on the
chest and leg surgical wounds of 253 patients after they have undergone coronary
artery bypass surgery (CABG). Noting the detrimental impact of wound pain on
wound healing and the interplay between wound pain, morbidity, quality of life
and hospital stay [135-137], parameters such as wound pain and healing, mobili-
sation and quality of life were specifically evaluated. It was found that the wound
scoring system favoured those patients who received Haruan capsules instead of
placebo at day-6, six-weeks and three months postoperatively. They also discov-
ered that Haruan extracts could alleviate wound pain, and improve quality of life
with respect to energy, pain, emotion, sleep and physical level except social level
based on the Nottingham Health Profile questionnaire that assesses the quality
of life [57]. Therefore, Haruan extract is considered a cost-effective solution in
wound healing because it decreases the percentage of wound infection thereby
reducing the cost of hospitalisation. Moreover, with the patient’s surgical recov-
ery hastened, it can tremendously reduce the economic burden not only to the
hospital but to the country as well.
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Meanwhile, a similar study [58] conducted by Wahab et al targeted 76 post-lower
segment Caesarean Section women, a study population which are the dominant
consumers of Haruan in Malaysia due to old beliefs and food taboos [55, 56]. The
study concluded that Haruan could improve the wound’s cosmetic appearance and,
accordingly, patient’s satisfaction. These findings are in line with a randomised
controlled trial [138] which reported that Haruan extract consumers harboured a
remarkably higher rate of uterine involution than the placebo group. Conversely, in
the same study, the outcomes of wound healing and pain were noted to be compa-
rable; this can be attributed to the interval used for the pain score assessment and
the concomitant use of analgesics.

8. Potential role of Haruan in skin grafting

Skin grafting is the transfer of cutaneous tissue to cover large wounds. It can take
two forms: split skin grafting, which involves the epidermis and a portion of the
dermis, and full-thickness skin grafting which involves the epidermis and the entire
dermis [139]. While deliberating on the pros and cons of split skin grafting as com-
pared to full thickness skin grafting is beyond the scope of this paper, it is noteworthy
that a split skin graft does not have its own blood supply; it relies on the wound bed.
This is where Haruan might play an important role. In their seminal work on the
bioactive proteins in C. striatus, Kwan et al [140] have shown that the fish proteins
promote angiogenesis and cell proliferation. The stable, healthy and well-vascularised
wound bed potentiated by Haruan action allows for skin grafts to be well taken.

The main challenge to ensure that Haruan play its magical role in promoting
angiogenesis and cell proliferation lies in the wound bed preparation before skin
grafting. To ensure that the wound bed is healthy, wound debridement is of utmost
importance. This could be done in several ways: via a scalpel, a dermatome, or even
by using a hydro-surgery device until the wound bed is really clean and healthy
with some bleeding at the wound bed [141]. It has to be stressed here that without
a clean and healthy wound bed, and wound edges cleared from any necrotic or
purulent tissue, the added value of Haruan would be lost and the skin graft will not
have a proper healing.

When the wound bed is well prepared, skin grafts will normally go through
three different stages as follows:

a.Imbibition: Oxygen and nutrients from the wound bed are passively absorbed
by the skin graft [142].

b.Inosculation: A vascular connection is established between the cut vessels on
the underside of the skin graft and the wound bed [143].

c.Revascularisation: Neoangiogenesis or new blood vessels grow into the graft
from the wound bed [144].

After undergoing these stages, the skin grafts will usually need another five
to seven days to adhere to the wound bed followed by the process of maturation
that could last from several months to years; this includes pigmentation changes,
softening and flattening [139]. As described earlier, Haruan abounds in amino acids
in such as glycine, lysine and arginine, and fatty acids such as arachidonic acid,
palmitic acid and docosahexaenoic acid - they all help to enhance wound healing
through the initiation of several pathways including the remodelling of collagen
that gives the strength to the wound, besides stimulating wound contraction [145].
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Having discussed at length regarding the recipient site, we should also look at
whether Haruan plays any role in wound healing at the donor site. Theoretically, the
donor site requires wound care only in terms of wound dressing. Since the wound
edges are not approximated at the donor site and are left to heal via secondary
intention, they will be filled by granulation tissue matrix [146] and can be covered
by a simple dressing only. Presumably this is another area in skin grafting where
Haruan dressing might play a role. An aerosol concentrate containing Haruan
water extract was formulated in an aerosol system to produce a thin film over the
wound bed and serve as a dressing at the donor site [147]. The aerosol concentrate
that would form a thin layer of dressing over the wound could enhance the heal-
ing process at the donor site as proven in an animal model [148], besides showing
pronounced antinociceptive properties [149].

9. Other usages of Haruan

Apart from its aforementioned desirable features, Haruan has also been reported
to confer feasible outcomes in a myriad of diseases.

Osteoarthritis is a degenerative joint disease characterised by synovial inflamma-
tion and articular cartilage degradation that leads to chronic pain and inflammation
[150, 151]. In osteoarthritis, a wide variety of inflammatory mediators are secreted
and activated [140]. After several previous studies which demonstrated the anti-
inflammatory capabilities of Haruan, the role of Haruan in osteoarthritis has been
extensively explored [152-154]. Few scientific reports on the efficacy of Haruan in
osteoarthritic patients revealed promising outcomes where Haruan was shown to be
superior in reducing inflammatory changes in the synovial membrane, improving the
pain, symptoms and quality of life of osteoarthritic sufferers while maintaining the
structure of the cartilage of the control group [155-159]. As osteoarthritis is a com-
mon complication of major traumatic wound injury, which necessitates skin grafting
owing to the disfigurement and disabling condition, oral administration of Haruan
can exert a double action, improving both wound healing and osteoarthritis.

Other functions of Haruan mentioned in the medical literature include its usage
in allergic rhinitis [160, 161], dermatitis [162, 163], gastric ulcer [164, 165], cancer
[166, 167], hypertension [168, 169] and depression [170, 171]. Unfortunately, due to
the paucity of studies to date, further high-powered studies are warranted to clarify
and define the role of Haruan in these diseases.

10. Discussion

Hong et al [65] did a scoping review on the effectiveness of Haruan extracts on
wound healing; they concluded that current evidence favours the use of Haruan
extracts to expedite wound healing. Indeed, optimal wound bed preparation and
proper wound closure are the two fundamental goals of skin grafting regardless
of the graft type [172-174]. With its extraordinary antimicrobial, antinociceptive
and anti-inflammatory properties, Haruan is undeniably a handy tool for skin
grafting. From a psychological perspective, Haruan can minimise post-operative
pain and discomfort, achieve satisfactory aesthetic wound effect and improve
patient postoperative quality of life. For skin grafting that covers a wound area only
partially, Haruan can promote wound closure since it encourages the epithelialisa-
tion of wound. When a wound recovery is sped up with less wound infection, the
duration of hospital stay will also be shortened. Consequently, expenses related to
skin grafting will be cut down.
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It is still inconclusive which particular biomolecules play a role in the wound
healing property. However, with the advancement of technology especially in the
field of proteomics, we have managed to conduct a more comprehensive protein
profiling [175, 176]. Although proteomics helps us to understand the interactions
between the proteins in the fish and the wound, the previous protein profiling
[177] were not as accurate as the new one due to the lower sensitivity of the old
equipment. Conversely, the current work using Gel Elution Liquid Fractionation
Entrapment Electrophoresis (GELFREE) system can maximise protein profil-
ing [127]. The researchers at the Analytical Biochemistry Research Centre of the
Universiti Sains Malaysia [127, 128] also looked at the post-translational modifica-
tions (PTMs) of proteins which might be involved in the wound healing process
to complement the protein profiling results. PTMs, as the name suggests, occurs
following the translation of amino acids in the later part of the protein biosynthe-
sis. They play an important role in protein regulation and are also involved in the
regulation of a number of physiological functions. This helps us to appreciate how
the consumption of Haruan contributes to the wound healing mechanism.

It is a known fact that structural proteins such as actin, myosin and tropomyosin
are vital in the formation of muscle tissue within an organism. From the protein
profiling, it was shown that 37% of all the proteins detected in the fish meat are
structural proteins which play a specific role in enhancing wound healing. For
example, actin gives rise to the formation of myofibroblasts which differentiated
from fibroblasts containing bundles of actin microfilaments with contractile pro-
teins such as non-muscle myosin [178-180]. On the one hand, both fibroblasts and
myofibroblasts regulate traction force and coordinate contraction during wound
closure [181]. On the other hand, tropomyosin, has been reported to regulate cell
migration, particularly fibroblast and myofibroblasts [182]. This results in the pro-
motion of rapid wound healing whenever tropomyosin is manipulated in the wound
area [183, 184]. Hence, the abundant presence of structural proteins in the fish meat
could be a key reason why it helps in the wound healing process.

Apart from structural proteins, Haruan meat also possesses numerous enzymes
including trypsin. Trypsin has been shown to enhance the healing process by poten-
tiating fibrocyte differentiation [185]. Trypsin has also been used as a biomedicine
for treating wound [186]. A clinical study conducted by Gudmunssdsdéttir et al [175]
showed that native-proteins were digested by cold-adapted cod trypsin and produced
an encouraging effect on the wound. These findings supported the idea that the abun-
dant level of trypsin in Haruan meat helps in facilitating the wound healing process.

Collagen, which is essential for wound healing, is also present in the Channa
striatus meat with Collagen Type-I being the most abundant [127]. Collagen is
required in the different stages of wound healing including the binding process
to fibronectin that helps in platelet aggregation [187], triggering angiogenesis by
transforming myocytes into macrophages [188], in addition to giving support to
budding capillaries [189]. A recent study by Helary et al [190] has also shown that
apoptosis was prevented during chronic wound treatment by the use of concen-
trated collagen hydrogel that promotes cell proliferation and protects fibroblasts.
Recently, mammalian collagen has been replaced by fish collagen [191] which is
considered a regenerative medicine [192], a sign that the abundant collagen found
in fish meat does help to advance the wound healing process.

Results from the proteomic study [127] also show that C. striatus meat is rich in
calcium related proteins such as calmodulin and parvalbumin. We are aware that
calcium (Ca*") plays a major role in maintaining homeostasis of the skin and is
considered a key signalling molecule during wound healing [193, 194]. Ca®* binding
proteins are also known to assist in Ca** signalling and skin intracellular trafficking,
which includes calmodulin and calmodulin-like proteins [195]. It is also known that
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Calmodulin assists in keratinocytes maturation [196], proving its significant role
in the wound healing process. The important role played by both calmodulin and
parvalbumin in the wound healing cascade deserves to be highlighted. Expression
of parvalbumin in ependymal cells has been shown to assist in tissue remodelling
and wound closure [197]. Hence, it is clear that both parvalbumin and calmodulin
help to transfer Ca2+ to the affected area, thereby promoting wound healing.
Proteomic profiling also revealed that more than 50% of the total proteins
detected in C. striatus are uncharacterised proteins [128]. The functions of these
proteins are still unknown due to the paucity of research. These proteins have been
labelled as such due to the absence of any detectable homology to those proteins of
known functions at both the sequence and structural level [198]. However, it is pos-
sible that one or more of the uncharacterised proteins found in Haruan play a role
in the wound healing process. Indeed, the high quantity of uncharacterised proteins
detected via proteomics, that is, the proteome database for C. striatus, is far from
complete. At this point in time, we can safely say that while existing data have given
us an insight into the proteins of Haruan, more rigorous effort must be made into
the research of the uncharacterised proteins that might be involved in accelerating
the wound healing process — the indisputable characteristic of C. striatus or Haruan.

11. Conclusion

As awound cosmetic enhancer as well as an antimicrobial, anti-inflammatory and
antinociceptive agent, Haruan fish is a promising medicinal food product for wound
healing. Current evidence has illustrated the effectiveness of Haruan in wound healing,
particularly in postoperative patients. This book chapter has highlighted the wonders
of Haruan in wound healing associated with skin grafting. Unfortunately, in spite of
the emerging role and increasing popularity of Haruan in wound healing, the use of
Haruan extracts in skin grafting remains insufficient. When its merits have been fully
explored, Haruan extracts could become a viable alternative to the current wound
dressing regimen in skin grafting in the near future.
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Types of Skin Grafts

Veronica Olvera-Cortés

Abstract

Skin grafting is a useful technique that has been used for a very long time for
achieving closure of wounds when it cannot occure in a natural conventional man-
ner. There are different types of grafts according to their origin, thickness and form.
There are 3 main types of graftsthat are used to cover wounds: Split-thickness skin
grafts, full-thickness skin grafts and composite grafts. Each of them has specific
indication and has a unique technique for harvesting. If the graft is not taken care
of properly its survival can be compromised and necrosis of the graft can occur.
Even though complications may present, skin grafting is still considered a practical
approach to repair many type of wounds.

Keywords: Gratf, Skin, Non melanoma skin cancer, surgery, treatment

1. Introduction

A skin graft is a piece of skin of variable thickness without any vascular connec-
tion, separated from the donor site, and afterwards transposed over the recepient
site which is to be repaired [1].

This technique was used initially in India about 2.500-3.000 years ago by
Tilemaker Caste. It was later rediscovered inthe XIX century and was the most used
technique during World War I and II. And in 1823 Buenger was the first to describe
a succesful intervention by transfering skin from the buttcheek to the nose [1]. It is
a basic technique and an option of reconstruction after a tumor resection, in case of
ulcers and burned patients [1].

Skin graft execution is simpler than most skin flaps and can be performed in
almost any wound with a vascularized bed. One of the great advantages of skin
grafts is that they are very variable in size and shape to allow wound closure of
wound defects of different sizes. There are many sites that can be donor sites mak-
ing it easier for the skin to match.

2. Indications

Wound closure should always follow the principles of the reconstructive ladder,
which directs the surgeon to use the least complex method of closure to achieve an
ideal cosmetic result [2].

Often a graft may be used when healingof a full thickness wound by second
intention, a primary closure, or utilization of a local flap are not feasible options [3].

In some instances, grafts can be used in combination with linear repairs or flaps
for skin reconstruction surgery. In addition, skin grafts can be used for shallow
defects, or in a patient with multiple morbidities who cannot tolerate a more
complex or multi-stage repair [4].
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3. Classification

There are many ways in which skin grafts can be classified, based on their origin,
thickness, composition, time in which they are performed, geometry and if it
meshed or not (Table1).

According to their origin, skin grafts can be divided in 3: Autografts, allografts
and xenografts.

Autografts are taken from the patient’s own skin, and they are the most common
used skin grafts.

Allografts come from another person’s skin. And xenograftsare derived from
another species, other than human skin, for example porcine grafts. Both allografts
and xenografts are used in chronic wounds or burn wounds. Their utility comes
from their ability to stimulate wound healing, provide protection and achieve
debridement [3].

In terms of thickness, they are distinguished as: Split-thickness skin grafts and
full-thickness skin grafts [1] and composite grafts.

Split-thickness skin grafts are composed by epidermis and a variable thickness
of dermis. They can be subdivided in 3 [1]:

e Thin: 0.15-0.25 mm
¢ Intermediate: 0.3-0.4 mm
e Thick: 0.5-0.6 mm

Full-thickness skin grafts are composed of epidermis and dermis with skin
appendages [1].

The amount of dermis in the skin graft determines many properties of the graft,
such as resistance to pressure and shear forces, shrinkage, sensitibity and esthetic
results. In other words, the thicker the graft the better mechanical, functional and
aesthethic properties, but also this means that the neo and revascularization of the
graft will be more difficult.

If the graft includes other tissue besides skin it is a composite graft. Composite grafts
are made by two different tisular structures, skin and cartilage most of the cases [1].

According to the moment in time in which the graft is realized [1]:

Character Types
Origin 1. Autograft
2. Allograft
3. Xenograft
Thickness 1. Split thickness
2. Full thickness
3. Composite
Time 1. Immediate
2. Differed
Expansion 1. Sheet graft
2. Meshed graft
Table 1.

Classification of skin grafts.
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Immediate: Realized just after the resection of the tumor. To repair the loss of
substance.

Differed: The graft is performed in a second intervention, in order to have the
confirmation of clean margins. This approach is justified for agressive tumors and
tumor relapse, to obtain granulation tissue when the surgery is extense in depth
and/or width, and exceptionally when hemostasis of the reciepent site cannot be
achieved [1].

Another way to classify skin grafts is based if a technique is used to expand the
graft itself. If the skin graft is directly applied onto the defect without further treat-
ment this is called an unmeshed or sheet graft [5].

A mesh graft is when multiple slits are made on the graft. Usually this is made
with a mechanical mesher and it is common to apply this on split-thickness skin
grafts. Meek graft is a skin graft that is cut in stripes, equal in lenght and width.

It used a cork plate and a machine with rotating blades. Punch grafts are obtained
using a punch, which allows to obtain multiple full-thinkcness skin grafts, itis a
useful technique to cover large wound areas.

4. Physiology

The survival of skin grafts is a complex process that involves different phases. In
order to undestand them it is necessary to remember how the skin is irrigated.

Skin consists of 2 basic layers, the epidermis and dermis. The dermis is divided
into a papillary and reticular layer. Within the dermis resides the skin’s neurovascu-
lar supply. The subcutaneous tissue beneath the skin contains the superficial fascia
and subcutaneous fat [6].

The skin vasculature consists of a deep dermal/subcutaneous plexus and a
superficial plexus [6]. Both plexi are connected via communicating vessels. The
superficial plexus can be found in the reticular dermis, near its junction with the
papillary dermis. The deep plexus, located in the subcutaneous tissue, consists of an
extensive venous plexus, capable of holding large quantities of blood and an accom-
panying artery. The deep plexus supplies vessels to the pilosebaceous units and the
superficial plexus. Arteriovenous anastomoses also exist in the region [6, 7]. The
superficial plexus originates vascular loops within the papillary dermis. Nutrients
diffuse into the epidermis because no vessels cross the dermal-epidermal junction.
Venous and lymphatic systems exist in a similar arrangement [6].

Unlike flaps, grafts depend on the ingrowth of capillaries from the recipient site
for their ultimate survival [8].

For the first 24-48 hours, the graft initially derives oxygen and nutrients from
the underlying bed by diffusion (plasmatic diffusion or imbibition). The graft can
increase in weight by up to 40%. During imbibition, the graft and the wound bed
are held together via a layer of fibrin. The fibrin is eventually replaced by granula-
tion tissue [2, 3, 8].

The second phase, inosculation, is defined by an anastomosis of the preexistent
vessels of the graft and the wound base. This phase occurs during the second and
third postoperative days [3].

For graft-take tooccur, the recipient site must be capableof producing capillary
buds. Since capillaryoutgrowth is needed both to producegranulation tissue and to
nourish askin graft, areas that granulate well (muscle and deep fascia), acceptgrafts
readily. Other surfaces, such astendon denuded of its fascia covering, exposed bone,
or cartilage, are incapableof producing granulation tissue and, therefore, are unable
to nourish a skingraft [9].

59



Skin Grafts for Successful Wound Closure

Also the skingraft must remain in close approximationto the recipient bed dur-
ing thephase of capillary ingrowth. The presenceof air, serum, or fluid between the-
graft and recipient bed creates a barrierthrough which the capillaries cannotgrow
fast enough to prevent necrosis ofthe graft [9].

Revascularization involves the growth, proliferation, and connection of vessels
from the recipient base and sidewalls. The rate of revascularization is dependent on
the thickness of the graft and the vascularity of the recipient bed. As a general rule,
the thinner theskin graft, the faster it establishes a blood supply [9].

Within 4 to 7 days, full circulation has been restored to the graft. Restoration of
lymphatic circulation also occurs within 7 days. Reinnervation of the graft begins
approximately 2 to 4 weeks after grafting; however, full sensation may require
several months or even years to return to normal [8].

5. Technique
5.1 Split-thickness skin grafts (STSG)

STSG are indicated for large defects (>5 cm), slow- or nonhealing chronic
wounds, or as a temporary cover when monitoring a wound bed for potential cancer
recurrence [3, 10].

This type of skin graft is useful when the definitive reconstruction of a wound is
delayed, either for surveillance of an aggressive cancer or when granulation tissue is
needed on the bed of the recepient site.

Donor site selection is based on the size of the graft needed to cover the wound,
the patient’s ability to care for the donor site and how the donor site wound would
affect the patient’s daily activities (walk, sit, sleep). Taking all this in consideration
the medial and lateral thighs are most used for donor site. Also it is practical to
consider donor sites that can be hiddenunder clothing, such as the medial or lateral
upper arm, abdomen, back andbuttocks. Donorsites that offer large flat surfaces
also facilitate theharvesting of STSGs [11].

Once the donor area has been selected, it should be shaved of all hair to aid in the
harvesting and handling of the skin graft [8].

The donor site should be prepared and draped in the normal sterile fashion and
local anesthesia may be infiltrated [4]. If the graft requirement is significant, saline
may be infiltrated instead of local anesthesia to make the graft harvesting easier.

STSG may be harvested using a dermatome or the freehand technique, depend-
ing on the size of graft needed and location of the recipient site [3].

There are many electric dermatomes available (e.g. Davol, Padgett, Zimmer), all
of them with adjustable graft width and thickness.

After marking the dimensions of the graft (mark the skin graft 15-20% larger
than needed and thus allow for shrinkage), the skin is lubricated with sterile
ointment. The assistant surgeon should keep the skin flat and stretched by counter-
tension [12].

The dermatome is held at a 30° to 45° angle, and advanced, from proximal
to distal, while traction is maintained on the skin. Toothless forceps are used to
prevent the graft from getting snared, and the dermatome is lifted away while still
engaged [10-12].

After the STSG is obtained it is transferred to a sterile-saline soaked gauze
to keep it moist. Attention must be paid in order not to confuse the dermal and
epidermal surface when handling the skin graft. A useful tip is to remember that the
dermal surface glistens more than the epidermal side and also the edges of the graft
will curve to the dermal surface.
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Meshing the STSG allows the graft to cover a wound that is larger in dimen-
sions than the unmeshed STSG. Meshing increases the coverage area by 25-35%
and also increases the flexibility of the graft so it can be used over mobile surfaces
such as joints [4].

It also provides fenestrations in the skin graft that allow the egress of fluid from
the wound bed, which minimizes the chance of seroma or hematoma formation and
subsequent graft failure. Mechanical meshing of grafts is reccommended when they
are being used to cover defects >8 cm in diameter or when extensive serosanguine-
ous drainage is anticipated [4].

Meshing can be accomplished in a variety of ways, but the most common and
efficient method is to use a hand-powered mechanical mesher to produce multiple
uniform slits in a skin graft, approximately 0.05 inches apart. The skin to be meshed
is placed on a carrier with the dermis side up and spread over the carrier. The graft
is then passed through the mesher. It is is then covered with moist saline gauze.

Split thickness grafts can be meshed to obtain expansion from 1:1 upto 1:4. In case
of paucity of donor site and large recipient area the graft can be meshed to achieve
expansion of 1:9. The survival of such widely meshed graft can be improved by
covering it with 1: 3 meshed allograft. This methodis called sandwich grafting.
Xenograft can also be used for this purpose. The disadvantages of meshing include
suboptimal cosmesis and delay in ultimate closure of the grafted site [2, 8].

The donor site should be temporarily covered with gauze soaked in 1% lidocaine
with epinephrine while attention is quickly turned back to the graft. The epineph-
rine in the solution promotes hemostasis in this acute, abrasion-like donor site [4].

The recipient site must be prepared before the placement of the STSG. Since
there must be close contact between the skin graft and wound bed, a good hemosta-
sis should be done in order to prevent hematoma formation. If the wound bed has
granulated tissue all the fibrinous debris have to be removed.

When the STSG is placed over the recipient site sometimes it needs to be cut to fit
the size of the wound. After the graft is trimmed it has to be attached to initiate contact
between the graft and the wound bed. In order to achieve this a tie-over dressing is
used. First apply an antibiotic impregnated gauze on the graft, after a foam dressing or
sponge is putover the gauze, put single sutures around the defect and leave long tails of
the sutures, this long tails will be tied over the dressing or sponge.

Attention is subsequently turned to the donor site, which is best treated as a
superficial abrasion. Further hemostasis is usually not necessary. A moist occlusive
dressing is applied, making use of antibiotic ointment or petrolatum and a nonad-
herent dressing such aspolymer film [4].

The donor site presents important drainage during the first 48 hrs, thisisa
normal process and it is important to inform the patient. In order to avoid fluid
colection the dressing can be punctured at the site to allow drainage or the dressing
can be changed more frequently.

In the postoperative period the most important part is to minimize all physical
activity. Since any abrupt or strong movement may affect the graft, shearing forces
can be created and the graft itself may be damaged or bleeding from the wound bed
can occur. Separation of the graft from the recipient site compromises its vascular-
ization and eventually its survival. This is why the patient is adviced to elevate the
intervened area and restrict all physical efforts.

The manipulation of the dressings should be kept at minimum in order to avoid
contamination or involuntary movement that may disrupt the process of revascu-
larization of the graft, which takes about 3 to 5 days.

After wound healing is achieved it is important to advice the patient to avoid
sunshine and to use sun-blocking agents to prevent hyperpigmentation, use a greasy
ointment to reduce dryness and itching [12].
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The advantages of using this type of skin graft are: Very easy and fast harvesting,
provides good color match in most cases, they may be obtained from any area of the
body, provides skin for large defects [12].

The disadvantages of this type of grafts are: Graft contraction and hyper-
pigmentation (Split thickness grafts will contract 10-20% immediately after
harvest and up to 20-50% over time), fixation may be inadequate, leading to
shearing and wound dehiscence, cannot be used on exposed tendon, nerves,
cartilage, or bone, development of hematoma or seroma may lead to poor vascu-
larization of the graft, in case of wound infection, skin graft may turn necrotic
within 24 h [2, 12].

5.2 Full-thickness skin grafts (FTSG)

FTSG are very useful in dermatologic surgery, especially after the removalof a skin
cancer, areas that are conducive to FTSG include nasal ala and tip, helix, medial can-
thus, lower eyelid, digits, and extremities. FTSG should be limited to less than 5 cm [3].

In order to maximize cosmesis, various factors must be taken into account when
choosing a site to harvest, including photodamage, color, existing adnexal struc-
tures (hair), and the appearance of the donor site scar. Donor skin should be devoid
of malignant lesions or any changes that might later be confused for recurrence of
malignancy. Commonly used sites for FTSG are: pre- and postauricular regions,
creases of the upper eyelids, nasolabial folds, supraclavicular region, lateral neck,
antecubital fossa, and groin [3, 8].

Once the appropriate donor site has been chosen, anesthetized, cleansed, and
prepared for harvest, a template of the defect is made by using gauze, cardboard
labels, or foil from suture packaging. The template is then transposed to the
donorsite.

The skin graft will contract at the recepient site, for this reason it is important
to make the template 10-20% bigger in order to avoid distortion of the anatomy of
the area that was intervened. When eyelids defects are closed using a skin graft the
template needs to be oversized more so that ectoprion will not develop.

Full thickness grafts should be harvested at the level just deep to the dermis, not
down to fascia, as the graft will need to be thinned [2]. Once the graft is obtained,
all the subcutaneous tissue must be removed using curved iris scissors. Remove the
adherent fat by putting the graft under tension. Roll the graft overyour forefinger
and pull it down with your middle finger and thumb [12]. The goal is to expose the
dermis. Since any remaining fat will obstruct the imbibition phase.

Remoistening the graft periodically with sterile saline or local anesthetic during
the defatting procedure is recommended to prevent desiccation [11].

Before placing a skin graft, the recipient site must be clean and not actively
bleeding [8].

After placing the graft in the recepient site it needs to be fixated with sutures.
Optimal suturing technique is with the needle entering the graft first, 2-3 mm from
the edge, and then exiting in the adjacent recipient site skin and subsequently tied
with 3-4 throws of a square knot. Distance between sutures is usually 3-4 mm [4]
(Figures1and 2).

It is important to place sutures sufficiently deep such that both the papillary
and reticular dermis of the graft and recipient site are directly aligned with each
other. Suturing that is too superficial apposes only the papillary dermis, leaving
a dead space in the deeper reticular dermis which tends to retract more than the
superficial papillary dermis. This increases the risk of both hematoma formation
and a depressed, more visible scar. Excessively superficial suturing has also been
implicated as a potential etiology of graft pin-cushioning [4].
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Bolsters are used to stabilize and protect the graft and to provide a uniform
pressure dressing to the grafted area. Bolster materials include saline-soaked
dental rolls, saline-soaked gauze, and mineral oil-soaked cotton balls. The bolsters
should have a nonstick surface and should be fitted to the size of the graft. They are
secured with simple interrupted sutures using 40 silk are placed in pairs directly
across from one another 2-3 mm from the graft margins. Bolsters are left in place
for 5 to 7 days [3, 10].

The donor site is repaired later after the graft has been placed as it is important
to allow nutrient diffusion to the graft to begin [3].

During the postoperative period the use of antibiotic oinment is reccommended
for the recipient and donor site in order to avoid infection. Also the dressing in the
recipient site has to be checked every day for one week and every 2 to 3 days at the
donor site. Both areas have to be cleaned with saline solution. The sutures can be
removed after 7-8 days.

Development of pink color during 3 to 7 days signals neovascularization and
successful graft take. Over the ensuing 1 to 2 months, pink color diminishes, but the
graft may remain lighter than surroundingskin (Figures 3 and 4) [10].

The advantages of this technique are: easy and rapid harvesting, provides excel-
lent color match and adequate thickness of the skin, a small scar remains after skin
harvesting and primary closure of the donor site [12].

The disadvantages of this type of grafts are: limited size of skin for harvesting,
donor site will require STSG when primary closure is not possible [12].

Figure 1.
Initial attachment of the Full-skin graft.
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Figure 2.
Complete placement of sutures attaching the FSG.

Figure 3.
Full-skin graft appearance after removing the bolster (48 hrs),
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Figure 4.
Full-skin graft appearance at one month after the surgery.

5.3 Composite grafts

This type of graft consists of two different type of tissues. Mostly cartilage with
or without subcutaneous tissue and the overlying skin. Because they offer support
and structure composite grafts are used to repair full-thickness defects of the nasal
ala and helical rim. The size of the defect for this type of graftis 1 cm or less.

They can also beused to fill partial-thickness defects that extend toodeeply for
a full-thickness skin graft to heal withoutleaving a concavity or contraction of the
free margin [13].

The metabolic needs of composite grafts differ from the needs of skin grafts, the
former have greater demands and needs rapid revascularization in order to survive.
The blood flow formed by the anastomoses between the wound bed and composite
graft can extend only to a small portion beyond the margin of the graft. Portions of
the graft that are beyond 1 cm from the vessel anastomoses is at risk of not receiving
appropiate blood flow and is at risk of necrosis.

Its survival depends on passivediffusion of oxygen and nutrients through the-
perichondrium from adjacent vascularized tissue. The vascularity of the recipient
bed is also aconsideration. The nasal ala is generally well suppliedwith blood vessels
and can usually support composite grafts [13].

Because the cartilage in these grafts carries with itthe skin that will cover the cutane-
ous portion of thedefect, the donor site should be chosen so that thetexture, color, and
nature of appendages match as best aspossible the features of the recipient site [13].
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The ear exhibits a wide range of thicknesses, curvatures, and appendage-type
structures [13]. Composite auricular graftsharvested from the helical crus are
particularlyuseful, because they provide thin skin that istightly adherent to the
underlying cartilage. Thegraft affords structural support and resemblesfine nasal
skin being reconstructed [10].

First, the recipient site is measured andthe donor site marked such that the com-
posite graftwill be approximately 5-10% larger than thedefect. This oversizing will
compensatefor the natural shrinkage of the graft that occurs during healing [13].

Once the donor site has been closed, the graft isprepared. Using a pair of
curved iris scissors, the skinis trimmed from the wings to expose the underly-
ingcartilage. The remaining cartilaginous pegs shouldframe the lateral aspects of
the graft [13]. A hemostat or scissors maybe used to undermine pockets on each
side of the defect. These pockets should run parallel to the alar or helicalrim and
should only be deep enough to accommodatethe cartilaginous pegs of the com-
posite graft. And the cartilaginouspegs are gently inserted into these pocketsso
that the graft interlocks with its recipient bed [13].

The graft is securedin place with a single layer of suture throughskin and
perichondrium, minimizing sutures passing through cartilage. Limiting sutures
andgraft trauma facilitates robust vessel ingrowth [10].

Antibiotic-impregnated gauze should be placed inthe patient’s nostril to
stabilize the alar rim. Apressure dressing or bolster should be used to stabilize the
graft [13].

In the postoperative perdiod, the intranasal gauze needs to stay for 24-48 hrs and
then removed so that the wound can be cleaned. Any activity that may elevate the
patient’s blood pressure has to be avoided. The sutures can be removed after 7 days.

Composite grafts change their color during the following days after the proce-
dure. At first the graft will be pallid because of tha lack of blood flow. After 6 hrs it
changes color to lightly pink, representing the begining of the vessel anastomoses.
The next 24-48 hrs the graft becomes blue because of venous congestion that
follows, and will remain like this for a week, until venous drainage begins. Later
it will become pink and this indicates adequate blood flow and graft survival. The
pink color will increase in the next days reaching a red color as the healing process
continues. After 2 to 6 months later the red color will disappear. The final tone can
be achieved after 1 or 2 years.

6. Complications

All types of grafts can present complications that may compromise it’s survival.

Complete or partial graft failure is the primary complicationseen with FTSGs.
Causes for failure includehematoma, graft-bed contact disruption, infection, smok-
ing, and excessive electrocoagulation of the wound base [8].

If the skin graft develops necrosis it should not be debrided, the necrotic tissue
serves as a natural dressing that allows new skin formation under it. There can be
some contour alterations made by the healing process, specially on the nose (eleva-
tion), that can improve by themselves in a period of 6 months, if after that period
the alterations remain dermabrasion or intralesional steroids can be used.

The acute complications of STSG are the same of those presented by FTSG
(hematoma, seroma, graft movement). Long term complications of STSG are
related to skin graft contraction that may distort free margins, impair function,
develop graft fragility or alter the final aesthethic result.

If infection of the graft is suspected or developed a skin culture needs to be
performed and proper antibiotics should be given.
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In composite grafts short-term potential complications, includebleeding, infec-
tion, and necrosis of the graft. This last complication presents initially as a yellow-
ish whiteness that remains and then is followed by the aparition of a black eschar.

Should the graft become necrotic, the escharshould not be debrided. The necro-
sis may only besuperficial, with the underlying dermis and cartilage still viable [13].

Long term complications of composite grafts are consequence of an inappropiate
anchorage of the graft to the recipient site, trauma or extreme contractural forces,
all of which can cause displacement or deformation of the graft.

7. Conclusions

Since their initial use almost 3.000 years ago skin grafts have been a very use-
ful option for wound repair. Whether it is due to an ulcer, burn or surgery, wound
closure can be accomplished via skin grafts in any of their modalities. Skin grafts
offer a very useful alternative for reconstruction that can be applied to almost any
site of the body. It is imperative to select an adequate donor site to offer the best
match possible. The process and technique of each type of graft is easy to perfom.
And with the correct sterile and surgical technique the possibilty of complications
is minimized. This type of wound management should not be considered as a last
resort, since their advantages outweigh the disadvantages.
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Chapter 5
Skin Graft Fixation and Methods

Sundaram Ravanasamudram Rajavam and Gauthami Sundar

Abstract

Skin graft fixation constitutes the most important element for the success of the
reconstruction. The stability of the skin graft over the wound is a determinant fac-
tor for its survival. Many techniques have been described in the literature for fixing
the skin graft. The most frequent of the techniques is the tie over technique. Staples,
fibrin glue are other advancements in the arena of skin graft fixation. The skin graft
is covered by a dressing material which keeps it undisturbed and protects the graft
from infection. The quest for an ideal dressing material has led to many innovative
materials and methods to apply them.

Keywords: history of graft fixation, skin graft fixation, tie over dressing, staples,
fibrin glue

1. Introduction

Skin grafting is one of the most commonly done surgical procedures as a part
of reconstructive process. The skin grafts are routinely being used in a variety of
situations including traumatic wound reconstruction, oncologic reconstruction,
cosmetic problems like scar contraction. Skin graft fixation forms a crucial step in
the success of the skin grafting. Various techniques of skin graft fixation have been
practiced and they have their own advantages and disadvantages.

However, the basic principles of the skin graft fixation remains constant and
when satisfied leads to the success of the procedure. Varying situations demand
varying type of the skin graft fixation techniques.

The conventional skin graft fixation technique involves pressure application over
the skin graft using a bolus and tie over sutures. The skin graft edges are fixed to the
recipient bed meticulously using sutures that would be removed later. Over the years,
further advancements in graft fixation techniques have been witnessed like the use
of staples replacing the sutures, glue for skin graft adhesion and Negative wound
therapy. This chapter elaborates the various skin graft fixation techniques and the
dressing materials which aid in skin graft healing.

2. History of skin graft fixation techniques

The history of free skin grafting dates back to as early as 600 BC in ancient India
where the defects of the ears, nose and lips were treated using free gluteal grafts and
skin grafts [1].

Tile maker caste have been known for practicing free skin grafts, harvested from
the gluteal region which was prepared by beating with wooden slippers until signifi-
cant swelling had taken place they also used a secret cement for adhesion of the skin
grafts which was called the “ancient Indian method” [2].
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The suturing of the skin edges had been carried out by using giant ants, accord-
ing to Sushrutha Samhitha. The ants were gently allowed to bite across the skin
edges to be approximated. As soon as the ant bites well, the body is cut off leaving
the head of the ants in place. There are evidences of using thorns to approximate the
skin edges too. Similar technique for skin approximation using the ants had been in
practice in ancient Egypt also.

It was the ‘cisterian monks’ in Worcesterschire who made a mark in the history
for having used needles and sutures to approximate the wound edges. Evidently
after this time scale, the modern day suturing started and securing the skin grafts
by sutures come into practice [3].

Bergel in 1909 discussed about the hemostatic nature of fibrin. In 1985, Rose,
Dresdale et al. [4] described the combination of fresh frozen plasma and bovine
thrombin to form fibrin glue. During the 1990s, the fibrin sealant was widely put
into use and became FDA approved. The fibrin also showed adhesive properties that
were utilized in cases of fistula closure and seroma prevention. Later it was used as a
skin graft fixation agent sometimes replacing sutures and staples [5].

Present day scenario sees the use of sutures, staples and fibrin glues for fixation
of the skin grafts.

3. Fixation of skin grafts

The recipient bed interface has a thin fibrin bed that holds the skin graft on
to it. The fibrin acts as a barrier against infections that can cause graft failure [6].
Bleeding, shearing force, wound infection can all lead to graft loss, thus necessitat-
ing proper anchoring and protective dressing.

The skin graft goes through 2 distinct phases of adherence.

Phase 1: it lasts till 72 hours. The adherence is maintained by fibrin layer.

Phase 2: it commences after 72 hours because of the fibrous ingrowth and
vascular anastomoses [7].

3.1 Securing the skin grafts

The skin graft edges are trimmed and the recipient wound edges are under-
mined to accommodate the skin graft (Figure 1a—e). The edges of the skin graft
are approximated and secured to the edges of the recipient wound with sutures or
staples (Figure 2a and b). The staples have the added advantage of consuming less
time in securing the skin graft edges. There are several operators who wish to place
absorbable sutures thereby negating the burden of suture removal after healing [8].

3.2 Dressing over the skin graft

Appropriate dressing is placed over the skin graft for better adaptation and graft
healing. This also avoids the seroma formation and hematoma formation that can
subsequently lead to infection and graft failure.

3.2.1 Tie over dressing/bolster dressing

The tie over dressing is one of the earliest and effective methods for graft fixation
(Figure 3a and b). Once the graft is transferred to the recipient bed and secured
with sutures, a bolster is placed on the skin graft and secured with silk sutures run-
ning over the bolster and offering some pressure that prevents dislodgement.

The bolster generally would be a piled up gauze pieces.
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Figure 1.
(a) A case of facial scar. (b) Undermining of wound edges. (c) Skin graft edges trimmed. (d) Skin graft
adapted. (e) Skin graft secured with sutures.

Although supported only by some observational studies, the tie over dressing
remains simple and effective means for skin graft fixation.
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Figure 2.
(a) A case of burns scar. (b) Skin graft secured with staples.

~

N

(a) (b)

(a) A case of melanocytic naevus. (b) Initial healing of Skin graft after bolster removal.

Tie over dressing involves downward pressure on the skin graft surface thereby
adapting the skin graft well onto the recipient area thus eliminating the hematoma
and seroma formation leading to good take of the skin graft. The principle of tie
over dressing remains as simple as that.

Such a simple technique also is accountable for flipside issues inviting criticism.
The downward pressure when it exceeds the capillary pressure, can cause graft
damage. Prolonged intraoperative time and graft healing time, technique sensitive
procedure, may hinder inspection and wound care in the postoperative period are
other disadvantages. Also, no Randomized Control trials exist to prove the superiority
of tie over technique over non tie over techniques [9].

3.2.2 Negative wound therapy

Negative wound therapy consists of application of gauze packs over the skin
graft which is sealed by sticking an adhesive dressing. The dressing consists of
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a small fenestration that is connected to the vaccum regulator with the pressure
maintained at 125 mm Hg.

Mobhsin et al. concluded from their study that negative wound therapy has the
following advantages.

* decreases the need for secondary coverage procedures.
* shortens the length of hospital stay.
* Early healing [10].

3.2.3 Non pressure dressings

Netscher and associates advocate moist non adherent gauze applied over the
grafted site and is secured with self-adhering foam. Application and removal of
the dressings are technically easy and it offers an even pressure over the grafted
area [11].

Saltz and Bowles also advocate using Reston foam applied over Xenoform gauze
as graft dressings [12]. Minami and colleagues acknowledge the usefulness of poly-
urethane dressings over the skin grafts as such dressings avoid the risks of pressure
necrosis that is seen in tie over dressings [13].

Balakrishnan advocates the use of Lyofoam, which is applied over the graft
directly. It is an inert, bacteriostatic, semipermeable polyurethane foam that
enhances reepithelialization. Its inner surface is smooth and hydrophilic and outer
surface is hydrophobic. Lyofoam is directly applied over the skin grafts and secured
with staples [14].

3.2.4 Fibrin glue/octyl-2-cyanoacrylate (“super glue”)

Fibrin sealant, two component material composed of fibrin and thrombin has
been widely used as an adhesive for the skin graft ever since it got FDA approved.
When applied at the skin edges it exhibits a remarkable adhesion property [15].

It has been advocated for its property of improving graft survival, reducing
blood loss, hastening healing over large surface and thereby produces better results.
A thin layer of fibrin glue significantly improves the graft take especially in mobile
parts of the body [16].

3.2.5 Quilting

Quilting involves placing basing sutures on the surface of the graft thereby
adapting it well to the recipient bed. Such quilting sutures are generally placed
using absorbable ones. They are aimed at reducing the dead space in the graft that
can lead to seroma formation.

In a study conducted by Yuhui Wu, the quilting sutures have been documented
to reduce grade 2 and 3 seroma thereby improving the healing [17].

Other dressing materials are listed in the Table 1.

3.2.6 Tie over dressing vs. non tie over technique
Akhavani et al. and Dhillon et al. compared both these techniques to find out

there is no statistically significant difference in graft take rate and infections. Even a
study conducted by Yuki et al. in 266 patients also concluded the same [32-34].
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S.no Author Dressing used

1 Johnson, Flemming and Avery [18] staples with latex foam

2 Wolf and coworkers [19] Rubber foam with staples

3 Smoot [20] Staples and xenoform sandwich filled with cotton
4 Amir etal. [21] Disposable syringes and silk threads

5 Cheng and colleagues [22] Base of the IV infusion bottle and silk sutures
6 Vloemans and colleagues [23] silicone rubber dressings

7 Sawada [24] and silicone gel sheets

8 Renz BM [25] rubber band stents

9 Ren] [26] transparent gasbag tie-over dressings

10 Ward RS [27] Coban self-adherent wrap

11 Grabski WJ [28] thin hydrocolloid dressing

12 Watson SB [29] Assorted Silastic and foam dressings

Balakrishanan C [30]
Wells MD [31]

Table 1.
Other dressing materials documented.

In our experience, the application of pressure over the skin graft becomes an
optional entity and is sometimes dictated only by the anatomical area to be grafted.
Any anatomical area that displays frequent movement that self-endangers the
viability of the skin graft needs a Tie over dressing. Also an anatomical area where
dead space creates the risk of seroma or hematoma collection compromising the
adaptation of skin graft requires a tie over dressing for better adaptation. This again
confirms the evidences that draw inconclusive evidences about the best type of skin
graft fixation techniques.

In certain cases, absorbable sutures are preferred over the silk sutures as the silk
gets buried while the bolster is removed when the healing is complete. Although
our experience with cyanoacrylate glue is limited, the idea of applying any material
other than autogenous entities had always raised concerns for the fear of it instilling
hypersensitivity reactions.

3.3 Challenging anatomical areas for skin graft fixation

The advances in the ablative surgical techniques have only left with more
complexities for the reconstruction procedures. The necessity and the radical nature
of oncologic resections carried out in the head and neck areas demand meticulous
reconstructive measures that make them challenging [35].

3.3.1 Reconstruction of the sinus cavities

Post resection, the skin graft is secured with sutures in the sinus lining and
available cancellous bone surfaces. The sinus is stuffed with petrolatum gauze that
would offer even pressure over the skin graft surface. One of the ends of the gauze
is seen jetting out through orifices created intraorally or at the face near the floor
of the orbit. After the healing, the gauze is gently removed out through the orifices.
The remaining orifice defects are addressed prosthetically.
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3.3.2 Reconstruction of alveolus

The alveolar bone is trimmed to make the cancellous bone exposed. The skin
graft margins are adapted perfectly over the cancellous bone surface and adjacent
soft tissue. Sutures are placed if possible. Acrylic stent dressing is placed over the
gauze dressing.

In mandible, the acrylic is secured in situ by circum mandibular wiring.

In maxilla, the acrylic stent is secured by peralveolar wiring or lateral
suspension wiring.

3.3.3 Reconstruction of floor of mouth

The skin graft adaptation and securing is carried out by help of sutures. The
gauze foam dressing that is applied over the graft is secured with suture ties that run
to the supra hyoid region where it is anchored.

3.3.4 Reconstruction of palate

Palatal skin graft fixation requires construction of a Hawley’s appliance with a
palatal extension that would fill in the defect. This acrylic stent is fabricated preop-
eratively and is applied over the palatal skin graft (Figure 4a and b).

3.3.5 Reconstruction of tongue

The tongue is an extremely mobile organ where the skin graft fixation becomes
very difficult. The grafted site is covered with foam dressing. The tongue is then
compressed into the floor of the mouth by the fixation of a plate lined with foam-
rubber sponge. The plate in turn is anchored to the teeth using wires or with
circummandibular wiring if edentulous.

Tongue physiotherapy is carried out post healing to prevent fibrosis.

3.3.6 Reconstruction of larynx

After the appropriate portions of the laryngeal structures have been excised,
inclusive of the homolateral laryngeal tissues and frequently passes beyond the
anterior commissure or posterior commissure to the opposite cord, the graft is fitted

Figure 4.
(a) Model with diagrammatic presentation of extent of the defect. (b) Acrylic stent.
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to the outside of a modeled tantalum wire-mesh or plastic framework and carefully
sutured into position. The position is maintained by a stent that avoids stenosis due to
contraction.

4. Conclusion

In conclusion, the skin graft techniques and dressings are few in number for
consideration and have their own indications, merits and demerits. Functionally
all the fixation techniques when done well and proper serve the healing of the graft
well. No technique rules over the other with better benefits. Evidence of comparison
of the fixation techniques also prove the same till date. Future is foreseen to develop
newer techniques for graft fixation and dressings and more evidence based com-
parison for arriving at better conclusions.

Acknowledgements

Dr.Manjunath N.M. MDS, M Phil,FAM, FAOCMF Consultant Oral and
Maxillofacial Surgeon, Director of Dew Dental and maxillofacial Center, Bangalore,
Karnataka. DrVenkatasubramanian MCh Plastic Surgery, pudhukottai, Tamil nadu.
Dr.Murali Manivannan, MCh.,MRCS (Edin), DNB, Consultant Vascular Surgeon,
Thanjavur Medical college and Hospital, Thanjavur, Tamil nadu.

Conflict of interest

The authors declare no conflict of interest.

Notes/thanks/other declarations
I extend my sincere thanks and gratitude to Dr. Gauthami Sundar and

Dr. Rajaram for the Literature support. My deep sense of gratitude to Dr. Murali
Manivannan for the timely contributions for the chapter.

76



Skin Graft Fixation and Methods
DOI: http://dx.doi.org/10.5772/intechopen.100377

Author details

Sundaram Ravanasamudram Rajaram™ and Gauthami Sundar®

1 University of Science and Technology, Fujairah, United Arab Emirates
2 Dr.Rajaram’s Dental Surgery, Thanjavur, India

*Address all correspondence to: sundarum88@gmail.com

IntechOpen

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.

77



Skin Grafts for Successful Wound Closure

References

[1] Chick LR. Brief history and biology
of skin grafting. Ann Plast Surg
1988;21:358-365.

[2] Davis JS. Address of the President:
The Story of Plastic Surgery. Ann Surg
1941;113:641-656.

[3] HaywardL. Surgicalneedles, ancient
and modern.Transactions of the
Institute of British Surgical
Technicians1961;1:18.4 Druitt R. The
Surgeon’s Vademecum, 8™ edition.

[4] Dresdale A, Rose EA,
Jeevanandam V, Reemtsma K,
Bowman FO, Malm JR. Preparation of
fibrin glue from single-donor fresh-
frozen plasma. Surgery. 1985 Jun; 97
(6):750-755. PMID: 3873716.

[5] Bergel S (1909) Uber wirkungen des
fibrins. Dtsch Med Wochenschr 35:633

[6] Burleson R, Eiseman B: Nature of the
bond between partial-thickness skin
and wound granulations. Am Surg
177:181, 1973. 84.

[7] Tavis MJ, Thornton JW, Harney JH,
et al: Graft adherence to
de-epithelialized surfaces: a comparative
study. Ann Surg 184:594, 1976

[8] Han HH, Jun D, Moon SH, Kang IS,
Kim MC. Fixation of split-thickness skin
graft using fast-clotting fibrin glue
containing undiluted high-
concentration thrombin or sutures: a
comparison study. Springerplus.
2016;5(1):1902

[9] Kromka W, Cameron M, Fathi R.
Tie-over bolster dressings vs basting
sutures for the closure of full-thickness

skin grafts: A review of the literature.
J Cutan Med Surg. 2018;22:602-606.

[10] Mohsin M, Zargar HR, Wani AH,

Zaroo MI, Baba PUF, Bashir SA,
Rasool A, Bijli AH. Role of customised

78

negative-pressure wound therapy in the
integration of split-thickness skin grafts:
A randomised control study. Indian J
Plast Surg. 2017 Jan-Apr;50(1):43-49.

[11] Netscher DT, Marchi M, Wigoda P:
A method for optimizing skin graft
healing and outcome of wounds of the
penile shaft and scrotum. Ann Plast
Surg 31:447,1993.

[12] Saltz R, Bowles BJ: Reston: an
alternate method of skin graft fixation
(letter). Plast Reconstr Surg 99:601,
1997

[13] Minami RT,Holderness H,

Vistnes LM. A tie over dressing with
polyurethane foam. Plast Reconstr Surg
1973;52:672

[14] Balakrishnan C: Dressing for skin
grafts of the penis (letter). Plast
Reconstr Surg 95:208, 1995

[15] William D. Spotnitz. Fibrin Sealant:
Past, Present, and Future: A Brief
Review. World J Surg (2010) 34:632-634
DOI 10.1007/s00268-009-0252-7

[16] Currie L], Sharpe JR, Martin R:
The use of fibrin glue in skin grafts and
tissue-engineered skin replacements:

a review. Plast Reconstr Surg 108:1713,
2001.

(171 Wu, Y., Wang, S., Hai, J. et al.
Quilting suture is better than
conventional suture with drain in
preventing seroma formation at pectoral
area after mastectomy. BMC Surg 20, 65
(2020). https://doi.org/10.1186/
s12893-020-00725-8

(18] Johnson PA, Fleming K, Avery CME:
Latex foam and staple fixation of skin
grafts. Br ] Oral Maxillofac Surg

36:141, 1998.

[19] Wolf Y, Kalish E, Badani E, et al:
Rubber foam and staples: do they secure



Skin Graft Fixation and Methods
DOI: http://dx.doi.org/10.5772/intechopen.100377

skin grafts? A model analysis and
proposal of pressure enhancement
techniques. Ann Plast Surg 40:149, 1998.

[20] Smoot EC: A rapid method for
splinting skin grafts and securing

wound dressings (letter). Plast Reconstr
Surg 100:1622, 1997.

[21] Amir A, Sagi A, Fliss DM,
Rosenberg L: A simple, rapid,
reproducible tie-over dressing. Plast
Reconstr Surg 98:1092, 1996.

[22] Cheng LC, Lim TC, Tan WTL: A
simple tie-over dressing (letter). Plast
Reconstr Surg 101:246, 1998.

[23] Vloemans AFPM, Kreis RW:
Fixation of skin grafts with a new
silicone rubber dressing (Mepitel).
Scand ] Plast Reconstr Surg 28:75, 1994.

[24] Sawada Y, Yotsuyanagi T, Ara M,
Sone K: Experiences using silicone gel

tie-over dressings following skin
grafting. Burns 16:353, 1990.

[25] Renz BM, Stout M, Sherman R:
Rubberband stents for skin grafts: how I
do it. Am Surg 60:707, 1994.

[26] Ren ], Yiang O], Deng B, Yiang YN:
Transparent gasbag tieover for persistent
pressure and inspection in free skin
grafting. Plast Reconstr Surg 95:396, 1995.

[27] Ward RS, Reddy R, Brockway C,

et al: Uses of Coban selfadherent wrap
in management of postburn hand grafts:
case reports. ] Burn Care Rehabil

15:364, 1994.

[28] Grabski W], Giandoni MB,
Anderson LL: Surgical pearl:
hydrocolloid dressings for full-thickness
skin grafts. ] Am Acad Dermatol

32:273, 1995.

[29] Watson SB, Miller JG: Optimizing
skin graft take in children’s hand
burns—the use of Silastic foam
dressings. Burns 19:519, 1993.

79

[30] Balakrishnan C: Simple method of
applying pressure to skin grafts of neck

with foam dressing and staples. ] Burn
Care Rehabil 15:432, 1994.

[31] Wells MD, Kirn DS: A new method
of skin-graft stabilization: the Reston
technique. Ann Plast Surg 34:554, 1995.

[32] Akhavani MA, McKinnell T,
Kang NV. Quilting of full thickness
grafts in the hand. ] Plast Reconstr
Aesthet Surg. 2010;63(9):1534-1537.

[33] Dhillon M, Carter CP, Morrison J,
Hislop WS, Currie WJ. A comparison of
skin graft success in the head & neck
with and without the use of a pressure
dressing. ] Maxillofac Oral Surg.
2015;14(2):240-242.

[34] Yuki, A., Takenouchi, T., Takatsuka,
S., Fujikawa, H. and Abe, R. (2017),
Investigating the use of tie-over dressing
after skin grafting. ] Dermatol, 44:
1317-1319. https://doi.org/10.1111/
1346-8138.13916

[35] John J. C. Free skin grafting in the
sinus, Oral, and Pharyngeal areas in
Radical surgery of the Head and Neck,
Head and Neck Department of the Pack
Medical Group and the Surgical Service
OE St. Vincent’s Hospital, New York,
New York. Dec 5, 1953.






Chapter 6

Procurement and Use of
Cryopreserved Total Skin
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Abstract

Cryopreserved total skin allografts are a new therapeutic alternative for the
management of complex wounds. Their properties allow them to be classified as a
temporary coverage for some patients and as definitive in others. And they can be
an alternative option to the use of dermal regeneration templates.

Keywords: skin allograft, biological dressings, wound healing, skin substitutes,
dermal regenerators

1. Introduction

Historically, choosing the therapeutic options for the management of complex
wounds was based on the concept of the “reconstructive ladder”, in which recon-
structive methods were ranked by complexity and the simplest options capable of
solving the problem had to be chosen. The latter has evolved over time, with the
emergence of the “reconstructive elevator concept”, where a surgeon can ascend
directly to the appropriate level in order to obtain the best qualified reconstruction,
and due to the need of incorporating new advances in wound healing management
into the “reconstructive ladder” [1, 2].

The use of skin allografts (SA) for wound coverage began during the 19th
century. Currently occupy a predominant place within the temporary coverage
techniques, especially in burn patients, with little residual skin capital, and with
extensive clinical experience in other pathologies [3-7]. SA provide a physiological
lining to control the hydro electrolyte losses, reduce the pain and infection risk and
improve local bed conditions by promoting angiogenesis and the maturation of the
underlying granulation tissue [8, 9]. However, due to immunological processes,
they are usually rejected after 10-12 days and may eventually be a vector for
infectious diseases [10, 11].

Most of the SA come from cadaveric donor; are harvested as partial skin grafts
(Figure 1A) with a dermatome and are preserved using glycerol at high concentra-
tions, causing cellular death with the obtention of non-viable tissues [12, 13].
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Figure 1.
A. Split-thickness skin graft B. Total skin allografts.

2. Cryopreserved total skin allografts
2.1 Background

The low rate of human organ and tissue donation and the cultural and religious
restrictions for the use of cadaveric tissues in certain countries, have opened the
door to the pursuit of other sources of SA, particularly in patients who underwent
body contouring surgeries (abdominoplasty, reductive mammoplasty), either for
esthetic or reconstructive reasons. This allows the entire resected flap to be pro-
cured, allowing the obtention of total skin allografts (TSA) (Figure 1B) [ 14-17].

2.2 Tissue production

The process of obtaining TSA is initiated with the invitation of patients who are
candidates for body contouring surgeries to participate in the donation of the
redundant fatty skin flap, which would otherwise be a waste product. This repre-
sents the first difference with SA obtained from corpses, the TSA are obtained from
living donors. Donors are submitted under a health survey (Table 1), the absence of
exclusion criteria is verified (Table 2) and routine examinations for tissue donation
are performed (Table 3). All the above is assessed to guarantee the microbiological
safety of the tissues, which is mainly based on the selection of the donor, permitting
the rejection of infections or any biological agent that could cause diseases in the
recipient [18].
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YES

NO

Are you in good health today?

Are you in generally good health?

Did you sleep at least 5 hours?

Have you drunk alcohol in the last 12 hours?

Have you donated blood in the last year?

Have you been told by a health professional that you cannot donate blood?

Have you been to another doctor’s office in the last 6 months?

Have you had a dental procedure over the last week?

Have you been hospitalized or operated during the last 6 months?

Have you received any transfusion in the last 12 months?

Have you had any blood tests in the last 12 months?

Do you have or have had any heart, lung, kidney or thyroid disease, hypertension, diabetes
mellitus, bleeding tendency or other illness?

Are you taking any medication on a regular basis in the last 6 months?

Have you taken aspirin or anti-inflammatory drugs in the last 3 days?

Have you had any injections or vaccinations in the last 4 days?

Have you had diarrhea in the last 7 days?

Have you ever had cancer?

Do you have a history of epilepsy, seizures or fainting?

Do you have or had hepatitis or have you turned yellow?

Have you had any tissue transplants or grafts?

Have you received growth hormone treatment before 1985?

Do you have a family history of Creutzfeldt-Jakob disease?

Do you or your family have a history of dementia, Alzheimer’, Parkinson’s, Multiple
Sclerosis or another degenerative disease?

Do you or your family have a history of Chagas disease?

Have you had Malaria, Dengue fever or unexplained fever during or after a trip outside the
country?

Have you traveled outside the country in the last 3 years; if yes, where?

Have you had any tattoo, piercing, acupuncture or accidental needle stick or bloody syringe
in the last 6 months?

Have you tried any type of drug such as marijuana, cocaine, cocaine paste or other; if yes,
which ones and when?

Have you used illegal injectable or inhalant drugs over the last 12 months?

Have you had sexual intercourse with anyone who has ever injected drugs?

Have you had sexually transmitted diseases such as Syphilis, Gonorrhea or other in the last
12 months?

Have you had more than one sexual partner in the last 12 months?

Have you had sexual intercourse with a new partner in the last 6 months?

Have you had sexual contact with persons with Hepatitis, HIV or HTLV in the last
12 months?

Have you paid or received money, drugs, or anything else for sex in the last 12 months?

Have you been exposed to the risk of becoming infected with the AIDS virus?
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YES NO

Are you donating tissue so that you can be tested for AIDS?

Have you been offered money to donate your tissue?

HIV: human immunodeficiency virus; HTLV: human T-lymphotropic virus; AIDS: Acquired immunodeficiency
syndrome.

Table 1.
Living tissue donor questionnaire.

It is important to mention that patients submitted to bariatric surgery with a
secondary weight loss, have cutaneous structure and histological changes. Including
a lower fibroblast and elastin concentration and collagen fiber organization, sites of
chronic inflammation, sebaceous glands infections and metalloproteinases levels
similar to the skin of patients with cancer and burns. Therefore, it is expected that
the quality of TSAs from this group of patients will be lower [19, 20]. After the
donor selection, the process is divided into 10 stages: 1) surgical procedure/body
contouring surgery, 2) procurement itself, 3) packaging and identification, 4) stor-
age, 5) transport to the processing center, 6) processing, 7) cryopreservation/quar-
antine, 8) validation, release, records, 9) transfer and 10) clinical use. All of the
above must be within the framework of an organ and tissue donation program that
permits the generation and guarantee products of high: biological quality, sanitary
safety and therapeutic value [21].

2.2.1 Surgical procedure/body contouring surgery

The skin processing is performed in the operating room, at the same time as the
body contouring surgery, with all asepsis and antisepsis measures, under general
anesthesia and by the same surgical team. After the redundant skin marking and the
adipose skin flap dissection, the resection of the flap is performed. Subsequently,
two teams are formed: one finishes the body contouring surgery and the other, on a
separate surgical table, performs the skin procurement.

2.2.2 Skin treatment

The dissected adipose skin flap is placed on a separate operating table. Total skin
procurement (including dermis) is performed, removing the fat from the deeper
dermis with scissors (Figure 2). Tissue samples (3) are also taken for current
(aerobic), anaerobic and fungal culture. The procured skin is placed in a sterile
container with 500 cc of physiological saline solution with 1 g of Cloxacillin and
80 mg of Gentamicin, hermetically closed, making sure the skin is completely
submerged. This process of the allograft obtention gives the second distinctive
characteristic to the TSAs: they are total skin allografts.

2.2.3 Packaging and skin identification

The vials containing the skin are stored in double sterile bags of at least 90
microns. Each vial is hermetically sealed, removing as much air as possible, and
labeled with the tissue code and the date and time of processing.

2.2.4 Skin storage

The skin is transferred from the operating room to a temporary storage place in a
refrigeration unit, in order to maintain the temperature between 2 and 8°C.
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Exclusion criteria:

a. For infectious diseases
* Patients with history or carriers of HIV/AIDS.

* Patients with a history of Hepatitis B or C.

* Patients with a history of active Tuberculosis.

* Patients diagnosed with Syphilis or positive VDRL.

 Patients diagnosed with HTLV I and II.

* Patients diagnosed with Chagas disease.

* Patients with diagnosis of Rabies, Congenital Rubella and Malaria.

* Patients diagnosed with untreated bacterial or fungal endocarditis.
b. For central nervous system diseases

* Degenerative diseases
a. Any type or manifestation of Dementia.
b. Alzheimer’s disease.
c. Parkinson’s disease.
d. Multiple sclerosis.
e. Creutzfeldt-Jakob disease.
¢ Infectious diseases

. Bacterial encephalitis.

. Viral, fungal or parasitic meningitis.

. Bacterial meningitis.

. Progressive multifocal leukoencephalopathy.
. Subacute sclerosing panencephalitis.

O AN T

. Active viral encephalitis or encephalitis of unknown cause.
g. Fungal or parasitic encephalitis.
c. For presence of cancer and/or tumors

* History of neoplasia except for cervical uterine cancer in situ.

* Lymphadenopathy for more than one month.

* Lymphomas, lymphosarcomas

¢ Leukemias.

* Metastasis of primary or secondary malignant tumors (lung, breast, cervical, colon,
prostate, squamous cell, melanomas, lymphomas, leukemias, central nervous system,
among others).

d. Other pathologies

* Patients who have been treated with growth hormone.

* Patients with Hemophilia.

* Patients carriers of autoimmune diseases or Mesenchymopathies such as Rheumatoid
Arthritis, Systemic Lupus Erythematosus.

* Patients who have been treated with prolonged corticosteroid therapy.

¢ Any suspicious skin alteration.

e. Behavioral:

* Unsafe sexual behavior.

* Drug abuse (including intravenous, intramuscular and subcutaneous).

» Commercial sex workers.

e Inmates.

* Individuals with tattoos, (or) body piercing performed in the last 6 months.
¢ Individuals from whom no history of sexual behavior can be collected.

f. Specific skin criteria:

 Skin contaminated by toxins.

¢ Pyoderma.

* Any skin lesion: infectious, traumatic or vascular.

¢ Psoriasis.

* Epidermolysis bullosa.

¢ Loxocelism.

e Structurally damaged skin (due to autoimmune or collagen diseases).

HIV: human immunodeficiency virus; HTLV: human T-lymphotropic virus; AIDS: Acquired immunodeficiency
syndrome; VDRL: Venereral Disease Research Laboratory.

Table 2.
Exclusion criteria for skin donation.
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1. Hepatitis B surface antigen.

2. Antibodies against Hepatitis C.
3. Antibodies against HIV.

4. VDRL

5.HTLV I and IL

6. Chagas.

7.Cultures intraoperative

¢ Standard culture (aerobic)
¢ Anaerobic culture
* Mycotic culture.

HIV: human immunodeficiency virus; HTLV: human T-lymphotropic virus; VDRL: Venereral Disease Research
Laboratory.

Table 3.
Laboratory tests.

Figure 2.
Procurement of total skin with scissors from redundant adipose skin flap.

2.2.5 Skin transportation
The skin is sent for processing, in our particular case, to the National Tissue

Bank (NTB), always within 36 hours from harvesting, assuring the container main-
tains a temperature between 2 and 8°C.

2.2.6 Processing

The TSAs are prepared in the NBT as implants, following two stages: In the first
one, the measurement of the flap is conducted, performing cuts in segments of
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different sizes according to the request; for example, in an average abdominoplasty,
approximately 300 cm” of useful surface are obtained.

Subsequently, a revision of the shaving, washing cycles (to reduce the microbial
load), obtention of sample number 2 for cultures (the first one was intraoperative)
and immersion in cryopreservative solution for 1 hour are performed. In the second
stage, the preparation, cutting, measurement, packaging and labeling of each
obtained flap is conducted. Samples number 3 and 4 are taken for culture, which are
performed during the packaging stage. Finally, a 5th sample is taken, also for
culture, as a backup.

2.2.7 Cryopreservation and quarantine

Cryopreservation freezes the TSAs in the presence of a cryoprotectant (10%
glycerol), which prevents the crystallization effects while maintaining viability over
time after freezing. Viability being understood as the capacity of a biological unit to
remain alive. The cryopreserved total skin allograft (CTSA) is kept frozen at —80°C
awaiting the results of serial cultures until irradiation. The latter is performed with a
dose of 25 to 28 kGy, in dry ice to maintain the cold chain, being a complementary
procedure for tissue sterilization. The viability of the tissues obtained gives the third
distinctive characteristic to CTSAs, which is fundamental for the clinical results
[22, 23].

2.2.8 Validation, release and vecords

An adequate quality management system requires having a dossier or record of
each tissue processed, which allows the evaluation of each of the steps from the
generation to the implantation of the CTSAs in the recipient, permitting the
monitorization and traceability. Once the donation, procurement and processing
procedures have been reviewed and the microbiological results have been verified,
the tissues are released for clinical use.

2.2.9 Transportation

Following the tissue release, they are transferred for clinical use on dry ice,
maintaining the cold chain (—80°C).

2.2.10 Clinical use

In the preoperative period, the size of the defect to be covered should be calcu-
lated in order to choose the CTSAs. The CTSAs should be washed 3 times with
warm saline (no more than 40°C) to remove cryoprotectants. The wound bed is
prepared by resection of necrotic, devitalized tissues and areas with granulation
disorder. The CTSAs is fixed with stitches and/or brackets associated with negative
pressure therapy [24].

3. Clinic

The CTSA has an initial attachment similar to an autologous skin graft, to later
evolve towards rejection, at 21 days average, which is clinically evidenced by color-
ation change and the formation of a superficial necrotic eschar. When the latter is
removed, it exposes vital tissue adhered to the host (Figure 3).
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Figure 3.

Diabetic patient, 68 years old, with flap necrosis after transmetarsal amputation. a. Coverage deficit with bone
exposure associated with disordered granulatory tissue. b. Coverage with CTASs. c. Evolution CTASs after

28 days. d. Receiving bed after escharectomy of superficial part of CTASs. e. Partial skin autograft, result at day
7> which was subsequently lost in its entivety and managed with advanced healing. f. Result: 4 months after
initial surgery.

This is evidenced histologically in the CTSAs by necrosis foci with infiltration
mainly of nuclear polymorphs (Figure 4a) and in the recipient bed by the presence
of an interface rich in fibroblasts and neoformation vessels (Figure 4b).

This interface or neo-dermis is also visualized with imaging studies; in magnetic
resonance imaging (MRI) CTSAs can be seen with a superficial non-catching com-
ponent and a deep component that is enhanced by the contrast medium, similar to
the vascularized dermis (Figure 5) [25]. For SA, it had already been described that
some elements of the dermis, mainly fibroblasts, could be permanently integrated
into the host, with exceptional situations of complete attachment and absence of
rejection of the SA. The most mediatic case involved Sir Winston Churchill, who
during the Nile War, donated skin and it was grafted to a wounded comrade and
“remains there to this day and has lasted well in many ways. Myself, keep the scar as
a souvenir.” [26-28].

CTSAs maintain the entire donor dermis, which participates in the proliferation
of a neo-dermis rich in fibroblasts and neoforming vessels, also acting as a scaffold
and a biological inducer in the wound bed. CTSAs have been shown in xenograft
models to promote angiogenesis and type 1 collagen production without eliciting a
significant fibrotic response [29]. Rejection of the CTSAs should not be interpreted
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Figure 4.

a. Histology. Hematoxylin/eosin stain. CTSAs at the time of escharectomy (21 days). Circled are shows
infiltration of nuclear polymorphs, necrosis areas. b. Post-CTSAs receptor bed. Black arrow: Fibroblasts, red
arrow: Neoformation vessels.

as a therapeutic failure, but as a stage of what we have called intermediate coverage.
Since part of the CTSAs is lost and part adheres to the recipient bed, obtaining an
interface of neodermis allows the completion of the definitive coverage with an
autograft and a complete healing by second intention. This also produces a second-
ary contraction of the wound, reducing size of the defect.

The increased survival of seriously burnt patients with severe sequels, mainly
due to the limited contribution of the autologous partial skin graft dermis and
second intention scarring of the burnt skin, was the main motive for the dermal
matrix development. Currently, available dermal substitutes (biologic, synthetic or
biosynthetic origin) are fundamentally used as a scaffolding or biocompatible
structural support, that is colonized by the patient’s cells in order to form a
neodermis, which is practically identic in structure as the receipt’s dermis [30-34].
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Figure 5.

Magnetic resonance images of the foot in the sagittal plane enhanced in STIR -short tau inversion recovery- (a),
T1 (b) and T1 with fat saturation and contrast medium (c), showing the graft with a superficial non-
capturing component (white arrow) and a deep component that enhances with the contrast medium (yellow
arrow) similar to the vascularized dermis. Between the latter and the bone tissue, there is low signal material
with discrete enhancement (ved arrow). (m2: Second metatarsal; m3: Third metatarsal).

It is important to emphasize that dermal regeneration templates share various
advantages with CTSAs, including: a) immediate wound closure, thus avoiding
fluid loss and restoring the functional barrier of the skin, b) coverage of structures

90



Procurement and Use of Cryopreserved Total Skin Allograft in Complex Wounds
DOI: http://dx.doi.org/10.5772 /intechopen.99125

such as bone, cartilage and tendons and c) better scar quality and elasticity. But they
differ mainly in the high cost of dermal regeneration templates, which is the main
reason for their limited use in clinical practice, and the fact that they necessarily

Patient Age Genre Diagnosis Evolution
1 68Y Masc Diabetic foot. Surgical debridement / bone resection / CTSA /
Transmetatarsal Scarectomy / Split-thickness skin graft / graft loss /
amputation Advanced wound healing / Figure 3.
2 26 Y Masc Complex wound of the  Surgical debridement / CTSA / Advanced wound
leg healing / Complete healing and closure
3* 53Y Fem  Relapsing Tumor resection / Skull Fenestration / CTSA /
Dermatofibrosarcoma of ~Advanced wound healing. Figure 6.
the scalp
4 55Y Masc Diabetic foot. Surgical debridement / CTSA / Scarectomy / Split-
Transmetatarsal thickness skin graft / Loss of follow-up
amputation
5 70Y Masc Abdominal sepsis. Open Complicated inguinal hernia / abdominal sepsis /
abdomen multi-organ failure / contained laparostomy, CTSA
/ clinical improvement/ extubation / Death due to
pneumonia
6* 2M Masc Premature. Necrotizing  Premature 30 weeks / Dysfunctionalisation of
enterocolitis. Contained  intestinal transit / evisceration (2 occasions) /
laparostomy. Contained laparostomy / CTSA / Para-ostomal

hernia and inguinal hernia. Periostomal and
inguinal hernioplasty. Figure 7.

7 60 Masc Diabetic foot Surgical debridement / scarectomy / CTSA / Split-
Y thickness skin graft / 90% success / Loss of follow-
up

8 49Y Masc Diabetic foot Surgical debridement / scarectomy / CTSA / Loss of

follow-up

9 57Y Masc Skin stripping of the leg  Scarectomy / CTSA / Split-thickness skin graft /

100% success.

10* 3M Masc Premature. Necrotizing  Premature 30 weeks / CTSA replacement /
enterocolitis. Contained =~ Abdominal wall continent / Second intention
laparostomy. healing. Figure 7.

11* 53Y Fem  Relapsing CTSA replacement in the central drea / No
Dermatofibrosarcoma of autologous graft due to absence of neodermis in
the scalp central area (initial bone wax in this area).

Figure 6.

12 75Y Masc Melanoma of the cheek  Melanoma (biopsy confirmed) resection. Local flap

reconstruction.

13 83Y Masc Melanoma of the Melanoma resection. Staging in process.
forearm

14 56Y Masc Diabetic foot Surgical debridement / bone resection / CTSA /

Scarectomy / Split-thickness skin graft / Advanced
wound healing / complete wound closure

15 31Y Fem  Necrotizing fasciitis of Surgical debridement / CTSA / Awaiting progress
the forearm for skin autografting.

Years (Y), Months (M), Femenine (Fem), Masculine (Masc), CTSA: Cryopreserved total skin allograft. * Patient
undergoing two interventions with cryopreserved total skin allograft.

Table 4.
Clinical experience. Summary.
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require a second time for skin autografting. Regarding the latter is that CTSAs can
be used as an alternative to dermal regeneration templates [35, 36].

4. Clinical experience

Our clinical experience was initiated on August 1st, 2020 and persists to the date.
Mainly following the pursuit of cutaneous coverages for seriously burnt patients,
given the lack of dermal regeneration matrix since their high cost and limited
availability. The latter is supported by the disposal of concomitant residual abdom-
inal skin grafts following abdominoplasty surgeries. The donor sample was consti-
tuted by fourteen female patients, of 31 to 55 years with an average age of 40 years.
The receipt sample was composed by 13 patients (two patients underwent two
surgical procedures), ages ranging from 2 months to 83 years. With the following
diagnosis: Diabetic foot (5), contained laparostomy (2) complex extremities
wounds (3), relapsed scalp sarcoma (1) and melanoma (2) [37]. Clinical evolution is
summarized in Table 4.

Figure 6.

Female patient, 53 years old. With a history of dermatosarcoma of the scalp. With resection and subsequent
reconstruction with local flaps and partial skin grafts. Tumour recurrence. a. Dermatosarcoma of the scalp. b.
Defect of coverage post vesection. c. Fenestration of the skull. d. CTSA 30 days. e. CTSA 60 days f. CTSA 150
days, completely healed wound by second intention.
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Figure 7.

30-week preterm infant. The patient evolves with necrotizing enterocolitis, vequiring intestinal transit
defunctionalization and evisceration on two occasions. a. Laparotomy contained. b. Immediate postoperative
CTSA on open abdomen. c. Postoperative 21 days. d. Postoperative 35 days. e. Postoperative 60 days, protrusion
of paraostomal hernia associated with Valsalva is observed, however the CTSA area shows continent, in
addition to smaller size. f. Postoperative 90 days with healing by second intention, without intra-abdominal
protrusion. Paraostomal hernias and transit reconstitution, associated with CTSA change performed on day 70.

5. Specifications

The therapeutic uses of CTSAs can be numerous. As we previously stated, we
emphasize in our experience the diabetic foot, extensive and complex coverage
deficits, contained laparotomies and post skin tumor resections, awaiting the biopsy
results for an eventual margin enlargement and reconstruction (Figures 6 and 7)
[38-42]. CTSAs can cover bone, cartilage and tendon exposures, being a simple
alternative for the management of complex wounds, becoming an intermediate
coverage for some patients and definitive for others.

6. Conclusions

The distinctive characteristics of CTSAs (from living donor, full-thickness skin,
and cryopreserved, therefore viable tissues) permits the obtention of a new type of
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coverage, which we have called intermediate coverage, easy to use, more econom-
ical than current alternatives and with numerous clinical indications.
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SA Skin allograft
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NTB National Tissue Bank
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