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Reeonstrucﬁve mlcrdvascular surgery is now in its teens. At first many
thought this new child was a whim and would fail to thrive. Some were un-
certai, others with vision either supported or became actively involved in

 this' new area of surgical endeavour. Although initial interest was focused
- on the replantation of amputated parts, it has been the one stage free trans-

fer of living tissue to a distant site which has launched microsurgery into

; the suxxwal spothgh

its humble beginnings we have witnessed a revolution in this
astic surgery; many of the long established methods of recon-
: 've, like barricades, fallen before the advances made in this

struction

| field. In its infanicy there were relatively few procedures available, There
' was atendency to make the patient’s problem fit the operation, rather than

the reverse, and this frequently led to an inferior result. The then known
flaps, such as the groin flap and the deltopectoral flap, were employed.
Unfortunately they were sites which posed many te¢hnical problems;
namely those of vascular anomaly, a short pedicle and vessels of small cal-
ibre. Long operations were the norm, and vascular thrombosis was not un-
common. Hospital routine often was disrupted and there was a danger
that these new techniques would fall into disrepute.

Over the last decade this state of affairs has changed dramatically.
There has been an explosion in the number of free flaps available to the
microsurgeon, which offer both versatility and reliability. Many of these
have been developed as a result of intensive investigations in the post mor-

_tem disecting room. Numerous fresh cadaver dissection and injection

studies have defined the vascular architecture of various tissues and com-
binations of tissues. In our department at The Royal Melboure Hospital
for example over 2,000 such studies have been performed. What is most
important is that many of these techniques have evolved to match the pat-
ient’s needs.

With the introduction of a new flap, there is an initial wave of enthu-
siasm which must receed through the channels of peer appraisal, ultimate-
ly to assume as Ian McGregor has succinctly stated, “its correct pecking
order”. Many flaps have their champions, so it is appropriate that a book
such as this be written by an ardent consumer who has no axe to grind.

Ralph Manktelow is such a person and I am honoured by lns mquen to

write the foreward to this important work.

Dr. Manktelow has been more than an umpire. He is one of the second
generation of surgeons who has helped refine the works of the pioneers.
His enquiring mind and considerable clinical experience has offered
much to the literature on this subject. In particular his refinements of the
free gracilis muscle as a functional unit for reconstruction of the crippled
upper limb and the paralysed face are unsurpassed.

Choosing the most appropriate flap to solve a specific reconstructive
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problem requires the careful analysis of many factors. What tissues do we
need, from where can they be best spared, and how can we minimise pat-
ient discomfort and cost to the community? The final choice should be
based on sensible planning and experience. One after all does not expect a
professional golfer to ask his caddy to pass him from the bag, a putter to
drive down the fairway, nor a driver to use on the green. We now have at
our disposal flaps that can get us’'out of the rough far more readily than in
bygone days. Even the “hole in one” is easier with the development of
such procedures as the vascularised osteomyocutaneous ‘lap.

This book does not pretend to cover every aspect vf free flap surgery,
nor does it assume to be a definitive work on the subject - for recon-
structive microvascular surgery is still a rapidly expanding art. The book
does however define the problem areas where, at this stage, free flap sur-
gery has the most to offer. From the long list of described flaps Ralph
Manktelow and his co-workers have selected a nucleus of reliable and
versatile procedures to solve the majority of these reconstructive prob-
lems.

The description of the planning and execution of these operations is
practical and informative. The illustrations are of a high standard and are
designed to aid the surgeon. The book is undoubtably a vaiuable contribu-
tion to the literature on reoonstructwe surgery.

February, 1986 ; G. Ian Taylor



Preface

This book is designed to be 2 ‘how to do it’ text of microvascular recon-
structive surgery. It discusses the selection, anatomy and surgical technique of
a spectrum of free tissue transfers. It is written primarily by one surgeon, and is
purposely dogmatic in the hope that it will provide usefnl solutions to patients’
problems.

The book is divided into two sections. The first section covers the surgical
anatomy and technique involved in elevating each of the free tissue transfers.
The second section discusses the applications of these transfers to recon-
struction in three specific areas. These areas are the three anatomical regions
in which reconstructive microsurgery has made its major contributions: the
head and neck, the upper extremity and the lower extremity. The only digres-
sion from this plan has been with toe and jejunum transfers. As they are used
exclusively in hand, and head and neck respectively, these transfers are de-
scribed in the second section. Since most of the free tissue transfers are used in
all three anatomic regions, rather than repeat their description in each region
of application, I have described each transfer once and grouped these descnp—
tions at the front of the book to form Section One, ¥

Each surgeon doing reconstructive microsurgery should have a repertoire of
reliable transfers. I believe that the patient will be served best if the surgeon
has expertise in a selected group of transfers and does not dabble in every new
transfer that is described. The surgeon’s inventory of free tissue transfers will
include skin ﬂaps muscle flaps, bone transfers and composite transfers, such
as the toe, and jejunum. With this premise in mind, I have elected to describe
what are, for me, the most frequently used transfers in each of t#8 tissue types.
There are many transfers which have not been included because T do not have
extensive experience in their use and feel that the transfers here described will
solve the majority of reconstructive problems. There are also a number of re-
cently described and promising flaps which have not been included in this
book as their value can only be gauged by the passage of time and broad appli-
cation.

This bock is not designed to be read through from cover to cover. Rather, it
is designed to be a reference book which the trainee and the surgeon with ex-
perience in reconstructive microsurgery will use to assist them in the manage-

~ment of patients with specific problems. When using this book, the reader will
likely turn first to Section II for the apﬁmpﬁate chapter which describes the
patient’s problem. Then, after reviewing the surgical options, will turn back io
Section I for the chapter which describes the most apptopnate free tissue
transfer.

When I began, in 1973, there were only a few surgeons using microvascular
techniques. Now, 12 years later, in almost every country of the world, there are
surgeons practicing reconstructive microsurgery. It is for these surgeons, with
their varying levels of expemse and training, that this ‘vihat, when and how to’
book is written.

Toronto, February 1986 Ralph T. Manktelow
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Chapter 1. Preamble

There are many good texts and manuals which de-
scribe the techniques of microvascular anastomoses.
It is not the intention of this book to duplicate these
descriptions, as it is assumed that the surgeon who
uses this book will be skilled in these techniques.
The microvascular trainee will quickly appreciate
that the microvascular anastomosis, although critical
to flap survival, is often the easiest part of a free tis-
sue transfer. More difficult and requiring a broad
training and experience in reconstructive surgery is
the decision making which goes into each proce-
dure. The success of each reconstruction is as much
related to the thoroughness of the preoperative plan-
ning as it is to the execution of the operative proce-
dure.

The surgeon wishing to do reconstructive micro-
surgery will requiie post graduate training in a cen-
tre which specializes in a large volume of recon-
structive microsurgery. Before coming to the operat-
ing room, the surgeon will have worked in the labo-
ratory and mastered end to end arterial and venous
anastomoses, end to side repairs, and the repair of
grafts between dissimilar sized vessels. When these
skills are developed, he or she is then ready for train-
ing in the application of these anastomotic skills to
_reconstructive techniques.

Free tissue transfers for coverage, although still a
valuable application of microsurgical techniques,
lead the way to more complex and technically de-
manding procedures. These are the osteocutaneous
reconstructions of the extremities and mandible, toe
and partial toe transfer: nd the functioning muscle
reconstructions of the face and extremities. The need
to conceptualize, in three dimensions, a recon-
struction which includes different but attached tis-
sues, such as skin, muscle and bone, has placed in-
creasing demands upon the reconstructive surgeon.

The development of new free tissue transfers has
required an improved understanding of vascular
anatomy. Considerable effort has been spent investi-
gating the vascular territories which are supplied by
various arteries, and determining the amount of tis-
sue which the artery will support. In developing new

transfers, surgeons have had to understand anatom-
ical details which have never previously had an ap-
plication to reconstructive surgery.

Preoperative Planning

Preoperative planning begins with an assessment of
the patient’s functional and anatomic deficit. The
complete armamentarium of reconstructive tech-
niques should then be reviewed and the technique
which provides the best solution with the least diffi-
culty should be used.

If a microsurgical reconstruction is selected, in ad-
dition to analyzing the three dimensional size and
shape of the defect, the surgeon must assess the
available recipient vessels. This assessment is done
by clinical, doppler and angiographic examination.
The surgeon then reviews the available donor sites
which provide the tissue required and selects the
most appropriate.

Often the surgeon is faced with a defect which is
different from anything he or she has previously re-
constructed. In this situation, it is particularly useful
to use models and patterns, or go to the anatomy de-
partment, create the defect and do the operative
procedure in the cadaver. If a careful step by step
pianning has been carried out, the surgical team can
move briskly through the operating procedure with
minimal delay.

The Team Approach

For the planning and execution of new and complex
cases, a second surgeon is often a great asset. Com-
plex procedures are done most effectively with two
teams. One team prepares the recipient area while
the other team prepares the tissue for transfer. Dur-
ing the transplantation, the second team is available
for a back up should a major problem be encoun-
tered. With this approach, there is less surgeon fa-
tigue and often better solutions to the reconstructive
problem. Many of the problems which occur in re-
constructive microsurgery are decision related and
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likely to occur at the end of a long procedure when a
surgeon is fatigued. If there is a vascular complica-
tion after 10 hours of surgery, and a change of opera-
tive plan is required, a fatigued surgeon is not as
likely to make as good a decision as one who is rela-
tively fresh.

Pedicle Preparation

Although the technique of microvascular anastomo-
sis is well established and frequently described, there
has been little emphasis on the techmique of prepar-
ing the pedicle itself.

Eye loop magnification with high resolution op-
tics of 2.5-4.5 power and high intensity lighting is
necessary for adequate visualization of the pedicle.

In each free tissue transfer and each recipient site,
there is often a preferred location for identification
of the pedicle. The surgeon should begin at this loca-
tion and then work proximally and distally, separat-
ing the pedicle from its surroundings.

Extremity vessels do not normally become ob-
structed with movements of the extremity because
they are surrounded and supported by fatty connec-
tive tissue. If the pedicle is dissected with a layer of
fat and the venae comitantes ieft on the artery, the
pedicle is less likely to obstruct by kinking and twist-
ing in the recipient'site. A skeletonized vessel, partic-
ularly a vein, is prone to obstruction through twist-
ing or folding. However, leaving fatty connective tis-
sue on the pedicle may make it more difficult to
trace the vessel. '

There are a number of ways of managing pedicle

side branches. Hemoclips may be applied and are
particularly fast and useful. However, if not applied
carefully, they will come off or cut the side branch
and unwanted bleeding will occur following the
transfer. The alternate to clips is the more time con-
sumiflg ligation with 6-0 to 8-0 sutures. For small
branches, a bipolar cautery with jeweller’s forceps is
the preferred technique. For any of these techniques,
the side branch should be divided just beyond%ts at-
tachment to the main artery, but not so far removed
that a blind pouch is created. Great care must be tak-
en that the side branches of the venae comitantes are
not inadvertently avulsed, producing an obstructing
interstitial hematoma. If a tear is placed in a fragile
vena comitans, it should be repaired with micro su-
tures.

Following the anastomosis, the management of
the pedicle is most important. If the pedicle is ob-
structed by a tight skin closure, by being twisted, or
by being draped over a hard object such as a tendon

or bone, slowing of flow leading to anastomosis
thrombosis is likely to occur. Correct pedicle length
is often difficult to determine. A pedicle tends to ap-
pear shorter than it really is until the anastomosis is
completed and distended by blood. The pedicle
should be sufficiently long that it does not have to be
stretched to reach the anastomosis. However, exces-
sive pedicle length will produce kinking.

Anaesthetic Considerations

Anaesthesia should be administered in a manner
which maintains a normal blood pressure and a
good peripheral perfusion. In most non-microvascu-
lar procedures, a short period of hypotension is well
tolerated by the patient and is not destructive to the
operation. However, in the patient with microvascu-
lar anastomoses, uninterrupted perfusion with a nor-
mal blood pressure is necessary or anastomosis
thrombosis will likely occur. Therefore, the fluid vol-
umes must be managed carefully with a tendency to
over-transfusion. Blood loss in a long procedure can
be deceptively large, as it occurs gradually, slowly
and persistently, without any dramatic sudden loss.
Monitoring with arterial and central venous lines,
hourly urine output and intermittent blood gas and
hematocrit evaluations are necessary. If the patient

~Becomes thothérmic, particularly if a transfer to

the leg or arm is being done, reactive vasospasm in
the extremity will decrease blood flow and may re-
sult in anastomosis thrombosis. In order to maintain
body temperature, the patient should be placed on a
heating blanket, given warmed IV solutions and ven-
tilated with heated and humidified inspired gases.
Room temperature control should be maintained at
a level which is warm but tolerable for the operating
personnel. The patient must be kept in a warm con-
dition in the recovery room as post operative shiver-
ing may cause vasoconstriction and shunt blood
away from the periphery. To prevent pressure sore
problems, a double operating room mattress is used
and a sheepskin is placed between the patient and
the heating blanket.

The anaesthetic may be general or regional. Re-
gional anaesthetics have the benefit of a vasodilatory
effect, but the nature of the procedure or the dura-
tion of it may limit its applicability in the individual
patient. For a general anaesthetic, the agents should
be selected by the anaesthetist on the basis of agents
which will not be harmful with a prolonged duration
of use, which will not|produce cardiac depression,
and which allow a prompt reversal of anaesthesia
and a quiet return to the awake condition. An agent
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which produces peripheral vasodilation and subse-
.quent hypotension is not wise, as it will produce va-
sodilation in all of the patient’s vessels except those
upon which the surgeon is working. Vessels which
have been dissected and are subject to intermittent
surgical stimulation have a tendency to vasospasm
which will overcome the vasodilating effect of the
anaesthetic. These vessels require a good perfusion
pressure which occurs only if the patient is normo-
tensive.

Postoperative Monitoring

The most consistently reliable means of monitoring
the circulation to a free tissue transfer is by visual
observation of the clinical parameters of circulation.
Although there has been an extensive effort in the
last decade to develop monitoring devices which can
evaluate flap circulation, none, except for tempera-
ture monitoring, has enjoyed general acceptance.
Temperature monitoring of digital replantations and
toe to thumb transfers is a reliable way of assessing
the volume of blood flow. Because the digit or toe is
surrounded by cooling room air, if circulation slows
or stops, there will be a prompt drop in the surface
temperature. Transfers which are partially buried or
lie on a large warm surface area do not show the
same temperature response to circulatory changes
and so temperature monitoring in skin flaps is not a
reliable indicator of circulatory impairment.

For free skin flaps, the color, capillary return, and
tissue turgor are the most reliable clinical signs. It is
important that the nursing staff be trained to note
subtle changes in these clinical signs and record the
signs on a flow sheet. At the first sign that there is a
change in one of the clinical signs, surgical staff

Microsurgical Instrumentation 3

should be notified in order that they can assess the
problem. Frequently, a decrease in perfusion is
caused by compression from a hematoma, tissue
swelling or a tight dressing. Systemic factors such as
a drop in the patient’s temperature or blood pressure
may also decrease flow. With prompt recognition,
these factors can often be reversed to prevent the
continued decrease in circulation which may lead to
thrombosis of the anastomosis.

Microsurgical Instrumentation

There is a plethora of microsurgical instruments
available for preparing vascular pedicles and doing
microanastomoses. The surgeon should use the ones
with which he or she is most comfortable. The mi-
crosurgical tray should have a minimum of different
types of instrumentation. A complex setup which
has a half dozen different types of jeweller’s forceps,
all of which look alike to the nurse, will frustrate the

- surgeon and nurse alike. However, there should be

at least two types of fine forceps available: a pair of
fine tipped jeweller’s forceps which are used for the
anastomosis, and a pair of heavier forceps, with mi-
cro teeth, serrations or other pickup shape on the
tips, for the coarser handling of the pedicle. Two
needle drivers should be available, one for heavy
needles and one, with fine tips, reserved for very fine
needles. With experience, each surgeon will develop
a preference for a particular style and size of needle
driver. Micro scissors, both spring and regular con-
figuration, and a range of vascular clamps should be
available. Most surgeons find a double vascular
clamp on a bar to be a useful means of holding two
vessel ends in proper approximation when initiating
the vascular repair.
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Part I
Tissue Transfers






Skin Flaps

The ability to transfer tissue based on microvascular
anastomoses has created a revolution in recon-
structive surgery. The microvascular transfer of a
skin flap is the prototype for all other free tissue
transfers. The publications of Daniel, Taylor, Harii
and O’Brien introduced the concept of a ‘free skin
flap’ based on microvascular anastomoses. After the
initial enthusiasm for cutaneous free tissue transfers,
interest shifted to the transfer of muscles with or
without their accompanying cutaneous flaps. It be-
came apparent that muscle transfers often had a
more vigorous blood supply and a longer, larger vas-
cular pedicle than cutaneous flaps. In many situa-
tions, this muscle with attached skin flap, the muscu-
locutaneous flap, is preferred to the cutaneous flap.

The advantages of cutaneous flaps are that they
are soft and durable and provide a good cosmetic re-
construction. The final size of the flap is predictable,

~ susceptible only to generalized weight gain or loss,™

whereas a muscle flap undergoes significant atrophy
in the first year. The skin flap tolerates ischemia bet-
ter than muscle, is more likely to recover after re-ex-
ploration of an anastomosis thrombosis, and dével-
ops more reliable vascular connections with its bed.
However, when a skin flap with its thick bed of poor-
ly-vascularized fat is transferred to an area which
contains significant bacterial contamination, it may
not resist infection as well as a muscle transfer.

The limiting factor in selecting a skin transfer is
the availability of donor sites. A donor site for a skin
flap is suitable if it contains a reliable pedicle which
perfuses the area and if removal of the flap is func-
tionally-and cosmetically acceptable. The ideal do-
nor site is one that can be closed directly and leaves
a scar which is well hidden during most social activi-
ties. The closure of the groin flap is an exellent ex-
ample of a flap site which leaves a scar that can be
well hidden even under a bathing suit. On the other
hand, when the donor site requires a split thickness
skin graft for closure in a visible area, as occurs with
the radial arm flap, the donor site becomes less de-
sirable.

A skin flap may contain an axial cutaneous artery,
as found in the groin and scapular flaps, or it may be
supplied by a vessel which does not run in the flap
but supplies branches to the overlying skin, as in the
dorsal foot and radial arm transfers. These cutane-
ous branches may lie within a loosely defined con-
nective tissue or within a fascial septum.

I have chosen four different skin flaps for inclu-
sion in the book. They are the groin, scapula, dorsal
foot and forearm flaps. The groin flap is little used
except for buried contour reconstruction but has an
important historical place in the development of
skin flaps. The scapular flap will provide the answer
to many if not most skin coverage problems. How-
ever, when a particularly thin or innervated skin flap
is-required, the dorsal foot and forearm flaps will
provide the solution. There are other skin flaps
which are available and not described in this book.
“They include the scalp, delto-pectoral, lateral tho-
racic, medial and lateral arm, saphenous, thigh and
hemi-pulp flaps. i
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Chapter 2. Groin Flap

After McGregor and Jackson introduced the groin
flap in 1972, surgeons became more aware of the
benefit of including a specific artery within the tissue
being transferred. As a pedicled flap, it became the
work horse for coverage of upper extremity soft tis-
sue defects, and as a free tissue transfer, it broke new
ground in reconstructive surgery [2].

The groin flap provides a large piece of skin and
subcutaneous fat. The size of flap available depends
upon the patient’s build. A number of authors have
reported flaps surviving that were over 30cm in
length and 15 cm in width. The donor site scar is ex-

cellent as it can usually be closed directly by under- -

mining the abdominal skin and flexing the hip. This
procedure may produce a spread scar but it will be
well hidden under the bathing suit area. However,
the disadvantages of this flap are many. It is particu-
larly bulky in its medial half and not suitable in a fat
person. The pedicle is small and short and there are
many anatomical variations to the vascular supply.
The color of the flap is pale and yellowish when ap-
plied to the face and will carry pubic hair on its me-
dial aspect.

Its present day applications include coverage of
soft tissue defects and contour reconstruction as a
buried flap, particularly in the face. In many areas of
the body, other flaps are preferred for soft tissue
coverage. Often, a myocutaneous flap will be fa-
voured because it is easier to elevate and has a long-
er, more reliable pedicle than the groin flap.

Vascular Anatomy

The vascular pedicle for this flap employs one of
two possible arteries and one of four possible veins.
The flap may be based on the superficial circumflex
iliac artery (SCIA) or the superficial epigastric artery
(SEA). The variations in the origin, route and distri-
bution of these two arteries may confuse the sur-
geon. In Harii’s clinical experience with 87 groin
flaps, there was a common arterial trunk of the
SCIA and SEA 29% of the time and, in the remain-

der of cases, they had separate origins. Harii recom-
mends using the common trunk, if available, or us-
ing the SCIA as the pedicle unless the SEA is larger
(20%) and then he would use the latter (Fig.2-1c¢) [3,
S, 7k

The SCIA usually takes origin from the anterolat-
eral aspect of the femoral artery, 2-3 cm below the
inguinal ligament (Fig.2-1 A). It runs laterally super-
ficial to the iliacus fascia in the fatty lymphatic tissue
found in the femoral triangle. In passing laterally, it
ruts in a line towards, away from, or parallel to the
4nguinal ligament [6]. At the medial border of the sar-
torius muscle, it usually divides into two branches,
either of which may be dominant. The superficial
branch remains above the sartorius fascia and con-
tinues laterally, supplying skin up to and beyond the
anterior superior iliac spine. The deep branch
pierces the sartorius fascia at its medial border and
passes on the deep surface of this fascia to the lateral
border of the muscle (Fig.2-1b) [1, 3]. Here it exits
the fascia 1-4 cm below the ASIS and runs laterally
superficial to the fascia lata, supplying skin in the re-
gion of the ASIS and laterally. The deep branch also
gives off muscle branches to the sartorius. If a long
groin flap is required, it is necessary to in¢lude the
deep branch in the pedicle. In one fifth of cases, the
SCIA originates from a branch of the femoral artery,
such as the deep circumflex iliac, medial circumflex
femoral, or deep or superficial pudenal arteries. Tay-
lor, in 100 dissections, found the SCIA to be present
and 1 mm or larger in diameter 98% of the time [9].

The superficial epigastric artery (SEA) usually
arises from a location similar to that of the SCIA. It
passes superiorly and laterally, superficial to the
inguinal ligament, and remains medial to the anteri-
or superior iliac spine, to supply an area of skin
above the territory of the SCIA. In view of the dis-
sections and clinical experience of Harii and Taylor
& Daniels, it is apparent that the territories of these
vessels overlap and the most dependable approach
to taking a flap from this area is to plan the flap axis
through the centre of both vessels’ territories. The
largest artery to be found at surgical dissection is



