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Preface

Flaps are an essential tool in our reconstructive armamentarium,
and a good working knowledge of flap surgery provides the back-
bone of surgical practice through which we restore form and
function. This book and its accompanying videos bring together
the cumulative experience of the leading pioneers and educators in
reconstructive surgery from around the world to demonstrate and
simplify flap surgery, focusing on the most usefuland common flaps
and the most advanced and cutting-edge methods. The aim is not to
be a flap encyclopedia,but more helpfully to be a source ofreference
of reliable and workhorse flaps to reconstruct the majority of ana-
tomical defects seen in the course of general and specialist recon-
structive surgery. These are outlined in as safe and effective a way
as possible and presented in a step-by-step format from planning
to execution. We are excited that many series in this book demon-
strate flap surgery in details heretofore never described.

Overview chapters for each major anatomical area provide a
generalapproach toreconstruction with achoice ofrecommended
flaps. Workhorse flaps are then presented in greater detail in the
A-Z of flaps. Masterclasses are presented at the end of the book,
and this important section is packed with state-of-the-art inno-
vations, personal experiences, and challenging reconstructions
and will maintain the freshness of each subsequent edition of
the book as techniques evolve and further interesting material

becomes available to our readers.

Our plan to regularly update the information presented
herein is best underscored by Professor Foad Nahai’s recollec-
tions: “My involvement with this book was cause for reflection.
Reflection and reminiscence which took me back to the late
1970s when Stephen Mathes and I, as trainees, laid plans for
the Atlas of Muscle and Musculocutaneous Flaps. We were
encouraged in our efforts by our mentors Maurice Jurkiewicz,
ILuis Vasconez, John Bostwick, John McCraw, and P. G. Arnold,
all of whom were pioneers in the development of muscle and
musculocutaneous flaps. We have certainly come a long way
since then. So much has changed; so many new flaps, with
more sophistication in clinical applications. Flap descriptions
and dissections are more detailed, accompanying artwork all in
color with complex clinical examples ofthe flaps. In short, when
Icompare our initial efforts to describe the blood supply and arc
ofrotation of muscle flaps with this work Irealize how fortunate
I have been to be a part of and to have witnessed the evolution
of our specialty.”

We hope and expect that you will find this book and its ac-
companying videos useful to your practice.

Professor Kayvan Shokrollahi, MSc, LLM, FRCS(Plast)
Professor lain S. W hitaker, MA(Cantab), PhD, FRCS(Plast)
Professor Foad Nahai, MD, FACS, FRCST(Hon)

Join the flap community at:

www.thef apbook.com
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Planning and Decision Making
in Reconstructive Surgery







Basic Principles of Reconstructive

Surgery and Haps

Parneet Gill and Kayvan Shokrollahi

- Principles of Wound
Healing

Wound healing is a complex biological response, involving a de-
fined, regulated sequential cascade, with coordinated cellular
activity including phagocytosis, chemotaxis, mitogenesis, and
extracellular matrix component synthesis. Three overlapping
phases are traditionally described: inflammatory, proliferative,
and remodeling (Fig. 1.1). It is important that these activities
occur in an ordered manner for successful wound healing to take

place.

Phases of Wound Healing

Inflammation

The primary sequence of events is initiated by injury to the tissue,
causing hemorrhage with initial vasoconstriction and activation of
the coagulation cascade. This is followed by release ofinflammatory
mediators, leukocytes, erythrocytes, and platelets. Platelets release
vasoactive amines, including serotonin, and cytokines, including
platelet-derived growth factor (PDGF), transforming growth factor-
beta (TGF-b),and epidermal grow th factor (EGF). Granulation tissue
production commences. Hematoma and fibrin bind to the wound,
attracting platelets and supporting fibroblast migration.

The coagulation and complement cascades enable the migra-

tion of leukocytes and monocytes within hours, closely followed

by macrophages after 24 to 36 hours via the process of margin-
ation and diapedesis. Debris is phagocytosed and removed from
the wound by the polymorphonuclear cells (PMNs). Epitheliali-
zation results in migration of epithelial cells across the wound,
with the leading edge losing its basement membrane adhesion
and flattening out.

By 48 to 72 hours macrophages are the predominant cell
types, producing growth factors for the production of the ex-
tracellular membrane (ECM) by fibroblasts and angiogenesis
following proliferation of smooth muscle and endothelial cells.
Chemo-attractants for macrophages include immunoglobulin G
(IgG) fragments; complement, collagen, and elastin breakdown
products; and cytokines, such as PDGF, TGF-b, and leukotriene B,.
Lymphocytes are attracted by interleukin-1 (IL-1), IgG, and com-
plement products and are the last cells to enter the wound during
the inflammatory phase.

Proliferation

By day 7 the wound is predominated by fibroblasts, migrating
through the ECM into the wound following stimulation by cyto-
kines. Fibroblasts synthesize type I and type IIl collagen, to form
the foundation of the wound ECM. New blood vessel formation
occurs by the action of platelets releasing cytokines to attract
macrophages and PMNs. The macrophages release angiogenic
substances such as tumor necrosis factor-alpha (TNF-a), vascu-
lar endothelial growth factor (VEGF), and basic fibroblast growth
factor (bFGF). These actions result in angiogenesis.

Wound Healing
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Fig. 1.1 Following the initial injury, the three phases of wound healing are shown: inflammatory, proliferative, and remodeling.
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Remodeling

By day 21, a steady state of collagen synthesis and breakdown
1s reached following remodeling of the ECM. TGF-b promotes
matrix accumulation by decreasing the activity of the matrix
metalloproteinases (MMPs), which are produced by fibroblasts,
macrophages, and granulocytes. Fibronectin acts as a scaffold for
collagen deposition and is involved in wound contraction, cell
interaction and migration, collagen matrix deposition, and re-
sultant epithelialization. As the wound matures, type I collagen
replaces type IIl and the amount of fibronectin reduces. Stromal
ground substance consisting of proteoglycans and glycosami-
noglycans (GAGs) is vital in creating a hydrated environment to
enable cell mobility and binding. Remodeling occurs increasing
tensile strength of the wound to 80%of normal between 3 and

8 weeks.

Factors that Affect Wound
Healing

Local factors that affect wound healing include:

e Infection
e Handling of wound by surgeon
e Jocaltissue ischemia

!
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e Wound oxygenation
e Radiation

e Denervation
General factors that affect wound healing include:

e Age

e Smoking

e Nutritional status

e Vitamin deficiency 1 zinc deficiency

e Temperature

e Inherited conditions, such as, pseudoxanthoma elasticum,
Ehlers-Danlos

e Acquired conditions, such as, diabetes mellitus, autoim-

mune inflammatory conditions

Structure and Function of the Skin

The skin is composed of epidermis and dermis (Fig. 1.2). The five
layers of the epidermis are the stratum corneum, stratum granu-
losum, stratum lucidum, stratum spinosum, and stratum basale.
Epidermis is stratified squamous epithelium with mainly kerati-
nocytes, but also Langerhans cells, Merkel cells, and melanocytes.

The dermis accounts for 95% of the thickness of the skin
and is split into the superficial papillary dermis and the deeper
reticular dermis, separated by the vascular plexus (Fig. 1.2a). The

Anterior
fascia
Posterior
fascia

- Full-thick- Epidermis 4 4
- ness graft ) 3 l ------ Thin split-
(>0.5mm) Dermis < //' """ thickness graft
14 (0.2-0.3 mm)
o & 4
_ " Thick split-
Subcuta- IS w LV / thickness graft
cous S (0.4 - 0.5 mm s _ , ,
l?issue | ( ) Fg. 1.2 (a) Structure of the skin. Skin consists of epidermis
Muscle { and dermis, leading into the layers of subcutaneous tissue
u

and muscle. Within the layers are vascular plexi, shown as
listed. (1) Subpapillary vascular plexus; (2) dermal vascular
plexus; (3) subdermal vascular plexus; (4) segmental vascular
plexus. (b) Composition of free skin grafts. Skin grafts can be
classified as full thickness or split thickness.'




dermis consists of collagen, elastin fibers, ground substance, and
the vascular plexus. The skin appendages including the hair fol-
licles, eccrine glands, apocrine glands, and the sebaceous glands
are found in the dermal layer (Fig. 1.2a).

For the blood supply to the skin,deep vessels arising from the
aorta divide to form the main arterial supply to the head, neck,
trunk, and limbs before feeding into the vascular plexus of the
fascia, subcutaneous tissue, and skin. Fasciocutaneous and mus-
culocutaneous perforators connect the deep vessels to the skin.

The vascular plexus is divided into six layers (Fig. 1.2a):

Subfascial plexus
Prefascial plexus
Subcutaneous plexus
Subdermal plexus
Dermal plexus

AN DN AW N

Subepidermal plexus

An angiosome is a composite block of tissue that is supplied
by a named artery. Angiosomes were first described by Manchot
in 1889 and later by Taylor and Palmer. The vessels that pass be-
tween the anatomical territories of the angiosomes are called

choke vessels.

1 Reconstructive Techniques

Options
Reconstructive Ladder

This 1s a stepwise progression from the simplest options for re-

construction to those that are more complex:

e Secondary intention healing

e Primary closure

o Graft—split skin, full thickness skin, or composite
e Tissue expansion

e Localtissue transfer

e Distant tissue transfer
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e Free tissue transfer

e Miscellaneous, such as, cell culture, vacuum-assisted clo-
sure (VAC)

Reconstructive Menu

The reconstructive menu is a more recent, sophisticated option,
as the reconstructive ladder encourages the simplest option
rather than the most optimal reconstruction. Any item can be
chosen from the menu, allowing personal preference and the
most suitable reconstruction to be used for each individual case.

The aims of reconstruction are both functional and cosmetic.
Scars should be placed in lines of election (Langer lines) or paral-
lel to them to enable settling of the scar into wrinkles over time
(Fig. 1.3a). The nasolabial fold, glabellar wrinkle pattern, lateral
canthal “crow’s feet,” and forehead wrinkles are preferable areas
to place scars. The use of a natural junction line distracts the eye
from the scar and can be used effectively, such as, the base of the
alar, the vermilion border, and the lower eyelid below the line of
the eyelashes (Fig. 1.3b).

Facial Subunits

The face can be divided into six major aesthetic subunits: fore-
head, eyes/eyebrows, nose, cheek, lips, and chin (Fig. 1.4). These
can be further divided into additional anatomical subunits
(Figs. 1.5, 1.6, and 1.7). These are important when considering
reconstruction as defects affecting more than 50%of a subunit
may produce a superior result if the whole subunit 1s replaced
instead of the defect alone.

Direct Qosure

The aims of direct closure include:

e Place scar in Langer lines if possible (Fig. 1.3)
e Adequate debridement of traumatic wounds

Fg. 1.3 (a) Langer lines. Scars are placed in lines of election as shown. (continued)
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Fig. 1.3 (continued) (b) Use of resting skin tension lines to plan reconstruction using direct closure and local flaps.!

e Atraumatic technique The methods of direct closure include:

. Minimize dead
Inimize dead space e Simple interrupted (Figs. 1.8 and 1.9)

e Subcutaneous with buried knot (Figs. 1.8 and 1.9)
e Subcuticular (Fig.1.10)

e Vertical mattress (Figs.1.11 and 1.12)

e Horizontal mattress (Fig. 1.13)

e Continuous (Fig.1.14)

 Tension-free closure

e Opposition of skin edges without overlap (Fig. 1.8)
e Evert skin edges (Fig. 1.8)

e Use finest suture possible for tension

e Excise dog ears

The standard suture technique can be described as a deep
buried subcutaneous suture or a simple interrupted skin suture
(Figs. 1.8 and 1.9). The aim of the buried subcutaneous suture is
to eliminate dead space at the base of the wound to reduce the

risk of hematoma, seroma, or infections. The simple interrupted

= Upper and lower
lid lacrimal
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Hairline or skin suture aims to evert the wound edges by ensuring an equal
superior
border of
frontalis m.
Continuation of Inferior border of eyebrow
Orbital rim lower licli margin ?nd superior orbital rim
Preauricular | 7 :
Nasofacial crease / _— .
groove | R 47 U
: Lateral | ? NG . ) '?“ — Nasojugal groove
Melolabial orbital rim 3 4 . _ \‘\my X
fold ' :. = - —4L

Labio mental
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-

Continuation of Inferior
upper lid margin orbital rim

Fig. 1.4 The major subunits ofthe face.? Fig. 1.5 Subunits ofthe eye.?
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Dorsal

Philtral ridge
Side wall Melolabial-fold
Tip Vermilion borders
Soft triangle Iabio mental
Columellar crease
Alar
Fig. 1.6 Subunits ofthe nose.? Fig. 1.7 Subunits ofthe lips and chin area.?

“bite” 1s taken at each wound edge with a simple loop knotted at
one side of the wound (Fig. 1.9¢). Inverted wound edges do not

heal adequately.

A subcuticular suture is used to close a wound edge with-
out leaving external tracking marks. It consists of a single run-
ning suture, which starts at one end of the wound, traversing the
wound at the level of the dermis to the other end of the wound
(Fig. 1.10). The subcuticular suture can be left free at either end

and trimmed upon review or can be buried.

The vertical mattress suture is used to evert wound edges Bpidermis ——=——"
while reducing dead space. The distance from the wound edge DErm i ——
must be equal in both the deeper and superficial “bite” to avoid
a step deformity (Fig. 1.11). The half-buried vertical mattress su-
ture can also be used to close a wound by passing deep from one

wound edge into the other and exiting superficially by forming a

loop, which 1s knotted on the side of entry (Fig. 1.12).

The horizontal mattress suture is used to evert wound edges

by taking the tension and spreading it along the wound edge by Subcutaneous o

taking horizontal “bites” (Fig. 1.13). It is 1deal for closing fragile

skin as well as areas under a large amount of tension; however,  Fg, 1.8 Simple interrupted and buried deep dermal suture. This figure
the blood supply to the tissue between the suture may become  shows opposition of the wound edge with eversion.>

compromised iftied too tightly.

Fig. 1.9 Simple suture techniques. (a) Placement of a subcutaneous suture with a buried knot. (b) Placement of an
interrupted suture with equal distances from the wound edge in order to achieve eversion. (¢) Successfully completed
wound closure.?
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Fg. 1.10 Subcuticular suture.’

a b
Fg. 1.11 Vertical mattress suture. (a) Placement of suture at

equal points from wound edge. (b) Completed wound closure.?

Fig. 1.12 Half-buried vertical mattress suture. (a) Placement
of suture with start and finish points on same side of wound.
(b) Completed wound closure.?
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Fig. 1.13 Horizontal mattress suture placement.

A simple continuous over and over suture is a quick method
to close a wound but can bunch up and strangulate the wound
edges if tied too tightly. The sutures should be placed at equal
distances away from the wound edge to encourage eversion of
the wound edges (Fig.1.14).

Before wound edges are sutured, it is vitally important that any
debris or nonviable tissue is adequately debrided in order to avoid
infection and any risk of debris tattooing. Wound edges should be
opposed into their “normal” position by using landmarks to aid
placement. Where there has been tissue loss, assessment should
be made about whether the wound can be left to heal by second-
ary intention, whether primary closure is adequate or whether
new tissue needs to be recruited either as a skin graft or flap.

Dog ears result when excess tissue remains at either end of a
wound during direct closure. These unsightly swellings produce an
unsatisfactory result and can improve over time but are easily man-
aged by formal dog ear excision (Fig. 1.15). Initially the direction of
the relaxed skin tension lines is noted and creating an equilateral
triangle shortens the wound edge. An incision is made at the shorter
edge that meets the wound before the resultant flap is draped across

the wound to highlight the remaining excess. The excess is excised,

enabling wound closure minus the dog ear. This acts to lengthen the
scar further but produces a flattened and more pleasing scar.

Skin Grafts

A dermatome or Watson knife is used to shave a layer of epider-
mis, with a varying amount of dermis (Fig. 1.16a-¢). The graft
1s transferred to a distal site, where 1t establishes a new blood
supply with the bed of the wound (Fig. 1.16f). The graft can be
unmeshed or meshed to enable drainage of underlying hemato-
ma and coverage of a larger area. The bed should be free of in-
fection, ischemia, or foreign bodies in order to ensure good take.

A bolster dressing is often applied to reduce shearing and
hematoma between the graft and wound bed (Figs. 1.16g and
1.17). The split skin graft is trimmed to size and sutured to the
wound edges leaving the suture ends tied long. The graft may
also be quilted to the underlying bed if desired (Fig. 1.17a). Jelo-
net gauze and a dressing such as proflavine-soaked wool or foam
dressing are used to compress the graft, with the tie-over com-
pleted by tying the long ends of the sutures across it (Fig. 1.17b).

Fig. 1.14 Simple continuous suture. (a) Placement of suture
with bites taken at equal distance from wound edge. (b) Com-
pleted wound closure.’




10 I Planning and Decision Making in Reconstructive Surgery

A\
/g‘

4
=
A

\? kA k£ K k L L

o
i b c
X
— L

a \../gf

d e

Fig. 1.15 Excision of dog ears. (a) Initial situation with direction of RSTL
marked. (b) Shortening the lower wound edge by creating an equilater-
al triangle. (¢) Incision at shorter edge meeting wound. (d) Extension of
resulting flap over wound to show excess edge. (e) Excision of dog ear to
enable desired wound closure.?

Asplit skin graft leaves some dermis at the donor site, where-
as a full thickness skin graft takes the full dermis; therefore, the
donor site needs to be directly closed or grafted. Fig. 1.18 shows a
picture of a patient following split skin graft to the anterior scalp

following excision of a lesion.

R Full-thickness graft

" (0.4-0.5mm)

Skin Graft Qassification

e Autograft: same individual
e Allograft: same species
o Isograft: genetically identical donor

e Xenograft: another species

Skin Graft “Take”

e Adherence
e Imbibition
e Revascularization

e Remodeling

The graft immediately adheres to the wound bed due to
the presence of fibrin. During the first 48 hours the skin graft
begins to swell due to absorption of fluid. Vessel ingrowth
into the skin graft occurs around day 4 either by inosculation,
revascularization, or neovascularization. The histological ar-
chitecture of the graft returns to that of normal skin during
remodeling.

The donor site heals by epithelializing from the margins and
from the dermal remains such as the appendages. Healing occurs
over 1 to 2 weeks.

The donor sites for split skin grafts are the thigh, medial up-
per arm, buttock, and hypothenar eminence; and for full thick-
ness skin grafts, the pre- or post-auricular area, supraclavicular
area, groin, medial upper arm, and cubital crease.

Reasons for skin graft failure include the following:

e Hematoma

e Infection

e Seroma

e Shear

e Inappropriate wound bed

e FErrorin placement

o Thick split-thickness graft

Epidermis— &
) Thin split-thickness
Dermis graft (0.2-0.3 mm)
Subdermis
(Fat)
Muscle

Fig. 1.16 Free skin grafts. (a) Skin grafts can be full thickness or
varying levels of split thickness.? (continued)
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Fig.1.16 (continued) (b) Photograph showing lesion on left leg marked with margin of 6 mm. (¢) Photograph showing markings for split skin graft from
left thigh. (d) Photograph showing a split skin graft being taken. (e) Photograph showing a split skin graft on a swab. (f) Photograph showing split skin
graft being applied to defect. (g) Photograph showing bolster dressing over graft.




