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Eric L Farquharson 1905-1970.
This photograph was taken around the time of the publi-
cation of the 1st edition.



Foreword to the Ninth Edition

Eric Farquharson was a surgeon ahead of his time. As one
who was taught by him and who worked for him, it is easy to
remember the many innovations which he introduced, the
many ideas which he had and his ability to look beyond
conventional wisdom. He was heavily involved both with the
Royal College of Surgeons of Edinburgh and the Royal
College of Surgeons of England, a position which is
commendable even today.

Although he championed single authorship, I believe that
he would have been one of the first to recognise how essential
it is for operative surgery to be taught by surgeons operating

within their individual speciality. In this ninth edition of his
textbook, the areas covered are comprehensive but, more
importantly, they have been covered by authors who clearly
speak from experience and with authority. It is therefore
inevitable that both surgical trainees and trained surgeons
will benefit from this important new text.

JAR Smith PhD PRCSEd FRCSEng
President of The Royal College of Surgeons of Edinburgh
2005



Preface to the Ninth Edition

Eric Farquharson wrote the 1st edition of Operative Surgery
in 1954. He was a general surgeon in an era when general
surgery still included orthopaedics and urology, and most
surgeons regularly operated on a wide range of problems. He
intended the book to be of value to the surgeon in training,
and he described the common operations within the
boundaries of general surgery in the early 1950s. However,
half a century later, surgical practice has expanded and
changed. Urology and orthopaedics are now separate surgical
disciplines. General surgery itself is subdividing, and the
more advanced procedures in each subspecialty are not
performed by those in other subspecialties, and only rarely
by generalists. Special expertise and the availability of
advanced technology have encouraged development of
centres of excellence for specific conditions, and referral
between surgical colleagues has increased.

For this edition to continue to be a valuable companion for
the practising surgeon, it also has had to evolve. The kernel of
the book remains the description of operations within the
present narrower boundaries of general surgery, with
discussion of the possible surgical options. Non-operative
surgical topics are, of necessity, condensed although it is
acknowledged that the practice of surgery increasingly
encompasses preoperative investigation, the planning of
optimal management in conjunction with non-surgical
colleagues, and the care of the critically ill surgical patient.

Operative surgery in specialities other than general
surgery has now in general been omitted. However, in an
emergency, even those surgeons practising in well-equipped
hospitals in the developed world must occasionally operate

outside their specialty. In addition, previous editions have
proved to be of value to the surgeon working in parts of the
world where general surgery has to be a more all-
encompassing surgical discipline. For these reasons, selective
operations have been retained, including some older
techniques, which may still be of value in certain
circumstances.

Eric Farquharson believed in single authorship to give
balance and continuity of style. Specialization, however, was
starting in the 1950s and he sought advice from colleagues
whose practice concentrated on orthopaedics, neurosurgery
and urology. This philosophy has been followed for much of
this new edition. In some chapters advice from several
specialists was obtained, and in the chapters which cover
other surgical disciplines the approach has been from the
viewpoint of the general surgeon. However, in some chapters
a separate general surgical subspeciality author has been
more appropriate. In each chapter a few references, including
some to historic papers, have been selected by the authors.
The choice has been personal, and there has been no attempt
to provide a comprehensive list which can be obtained from
other sources.

This edition is intended for the surgical trainee in general
surgery and should be of value throughout training. It
should also continue to serve more experienced general
surgeons when faced with an operative surgical challenge
outside their chosen area of expertise. Despite
subspecialization, there will always be a need for general
surgical knowledge and skills, and we hope that this book
fulfils this purpose.
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SURGERY OF THE SKIN AND SUBCUTANEOUS TISSUE

General technique 1
Surgery of skin lesions 8
Surgery of finger and toe nails 1"
Excision of a lipoma 13

The skin is one of the largest organs of the human body. It
serves a multitude of purposes: a barrier to infection; a con-
troller of heat and fluid loss; and a sensory interface with the
world. Its aesthetic qualities are of the utmost importance to
the individual. The mobility and elasticity of the skin are nec-
essary for joint movement, and its strength essential in areas
where it is subjected to repeated minor trauma, especially in
the hands and feet. The skin of each part of the body is mod-
ified to suit specific purposes; for example, the thick-ridged,
sensitive and moist skin of the finger tip is ideal for gripping
tiny objects, whilst the thin, compliant skin of the eyelid pro-
vides ideal mobility and protection of the globe.

Every skin incision heals with a scar which has the poten-
tial to cause disturbance of function or appearance. Scars are
to a certain extent unpredictable. However, certain parts of
the body are notorious for their propensity to form hard,
red, elevated hypertrophic scars. Furthermore, the position
of a scar has a great bearing on its visibility and its connota-
tions; the pre-auricular face lift scar is, for example, a barely
apparent trade-off for the aesthetic enhancement, whereas a
scar of equivalent length only a few centimetres further for-
ward in the mid cheek can be socially and economically dev-
astating.

Skin incisions and suturing are often the first surgical skills
acquired by a trainee. Very few operations can be performed
without cutting through the skin. It may be incised to gain
access to deeper structures, or the surgery may be primarily
on the skin itself whether for the repair of trauma or for the
excision of a skin lesion. An understanding of the surgical
challenges of the integument is therefore fundamental to all
surgeons, even if certain techniques are the preserve of those
specializing in cutaneous surgery.

Many basic surgical techniques of dissection, tissue han-
dling and repair are encountered first in the skin and subcu-
taneous tissue, and are therefore discussed in this chapter.

The general preoperative preparation of a patient, the
perioperative environment and the postoperative care are
summarized in Appendices I-I1I.

Surgery for skin loss or destruction 13
Skin grafts 14
Tissue flaps 17
References 20

GENERAL TECHNIQUE

Incisions and tissue handling

Skin incisions must be carefully planned, not only to excise a
skin lesion or to give good access to underlying structures
but, wherever possible, they should lie in — or parallel to — the
natural crease lines of the skin (Fig. 1.1). Alternatively, they
may sometimes be placed at a more remote site to disguise
their existence. Scars should not be placed across the flexor
aspect of a joint, and ideal skin incisions on the palm of the
hand are shown in Figure 1.2. Surgeons will, however,
encounter situations where they are forced to compromise
upon this counsel of perfection.

Incisions through the skin must be made cleanly with a
sharp knife held at right-angles to the surface. If the skin is

Figure 1.1 Natural crease lines on the face.
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Figure 1.2 Acceptable incisions on the palmar aspect of the hand.

loose and wrinkled it should be held gently stretched or it
will not cut cleanly. Diathermy incision of the skin is pre-
ferred by some surgeons as it reduces bleeding. However,
there is a risk of thermal injury to the skin to the detriment of
wound healing and scar quality. Therefore, although
diathermy is often used for the skin incision of, for example,
a laparotomy, it cannot be recommended in cosmetically
sensitive areas except when used by very experienced sur-
geons. If diathermy is utilized for the skin, the ‘cut’ rather
than the ‘coagulation’ setting must be selected to minimize
thermal damage. Fine-toothed forceps and fine skin hooks
are recommended when operating on the skin. Although all
living tissue must be handled gently, the effects of rough han-
dling of the skin are more visible than that of deep tissue.

Arrest of haemorrhage

Small bleeding points appear as the dermis is cut. If neces-
sary, these may be coagulated with fine bipolar forceps.
However, again there is a risk of thermal injury. In most cir-
cumstances, patience in tolerating this early bleeding will be
rewarded by haemostasis. As the incision continues into the
subcutaneous fat, larger bleeding vessels are encountered.
When a vessel has already been divided it can either be
picked up in diathermy forceps and coagulated, or it can be
secured first with artery forceps, after which it is either lig-
ated or sealed with coagulation diathermy. A vessel in the
subcutaneous fat which is identified before it is divided, can
be coagulated by diathermy before division, but larger vessels
should be divided between artery forceps and ligated.
Diathermy can be used for the dissection deep to the skin
and has the advantage that it prevents multiple small bleed-
ing points, but larger vessels still require individual attention.

The vessel should be held without a mass of surrounding tis-
sue. Extra tissue in diathermy forceps leads to less effective
coagulation and greater tissue damage, and extra tissue held
in artery forceps makes the secure ligation of a vessel more
difficult. Bleeding from vessels which ‘perforate’ the deep
fascia from underlying muscles can be troublesome. It is
essential to control these bleeding vessels promptly before
they retract. Coagulation diathermy or ligation is appropri-
ate if they can be isolated. Alternatively a suture, or a custom-
made metallic clip, may be employed.

Most vessels clamped in an artery forceps should be lig-
ated. A small vessel, however, may be coagulated by applying
diathermy to the artery forceps. If no diathermy is available,
the pressure of the artery forceps left on for a minute or two
and then released may be sufficient, but there is a danger of
bleeding restarting. For the ‘tying off’” or ligation of bleeding
points close cooperation between surgeon and assistant is
required. The surgeon passes the ligature material around
the forceps; the assistant holds the forceps, depressing the
handle and elevating the point as much as possible, so that
the tissue which is clamped is encircled by the ligature (Fig.
1.3). Just as the surgeon is tightening the first hitch of the
knot, the assistant slowly releases the forceps. Sudden release
of the forceps should be avoided as the blood vessel is liable
to slip out of the grasp of the ligature. Every time a vessel is
ligated, two ‘foreign bodies’ are introduced — the ligature
itself and the strangulated tissue beyond it. It is therefore
important to include as little adjacent tissue as possible in the
clamp, to use the finest material consistent with security, and
not to leave the cut ends longer than necessary. An
absorbable material in the subcutaneous tissue is preferable.

If an artery forceps has been applied to a bleeding point in
such a way that it is difficult for the assistant to elevate the
point, simple ligation is unlikely to be secure. Transfixion
ligation is then safer (Fig. 1.4). The surgeon passes the suture
needle under the forceps through the middle portion of the
grasped tissue. The first throw of a knot is then formed and
this loop is settled deep to the points of the artery forceps to
encircle half of the tissue. The ligature is then passed round,
under the handle of the forceps, to encircle the other half of
the tissue and the first hitch of the knot tied. As the surgeon
tightens this first hitch, and therefore the whole figure-of-
eight ligature, the assistant slowly releases the artery forceps.
An even safer transfixion suture favoured by some surgeons

—— T TN

Figure 1.3  Method of 'tying-off’ a bleeding point.
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Figure 1.4 A transfixion suture. The figure-of-eight ligature is
prevented from slipping off by its anchorage through the tissue.

is shown in Figure 1.5. In this, the needle is passed a second
time through the tissue held in the artery forceps with the
loop of suture material passing under the tips of the forceps.
The figure-of-eight is then completed by the tie under the
handles. These transfixion sutures have greater application
in securing major vessels.

Sometimes a thin-walled wide vein can be dealt with more
safely by passing a ligature above and below the point of
intended division and only dividing the vessel after both lig-
atures are tied (Fig. 1.6). An artery forceps is first passed
carefully under the vessel and the jaws opened sufficiently to
grasp the ligature material, which is carried to the open jaws
by a second artery forceps — ‘a mounted tie’ (Fig. 1.6a). The
ligature is then drawn round under the vessel.

There is increasing use of clips and staples for securing
vessels, and these devices have proved invaluable, both in
minimal access surgery, and in situations where access is dif-
ficult. Small linear cutting stapling devices have been of par-
ticular benefit in the safe division of large veins, where the
length of the vein is too short to accommodate ligatures. The

/

/

/

Figure 1.5 An alternative transfixion suture which passes twice
through the tissue.

right renal vein and the hepatic veins are examples. It is a
faster and more secure technique than that of oversewing the
vein. The angled head of these stapling devices allows access
into restricted surgical fields. Another relatively recent devel-
opment has been that of heat bonding with ‘Ligasure’. A ves-
sel, often with surrounding fat, is held in the instrument
until it is sealed by heat. The device alerts the surgeon with a
small ‘beeping’ sound when the process is complete. This has
proved a useful device for dividing the mesentery of the
bowel, and gives a secure seal even for vessels up to the size of
the inferior mesenteric artery.

Tourniquets

Tourniquets can be used to obtain a bloodless field, and
should be used for most fine procedures on the distal limbs.
A finger or toe tourniquet made from the finger of a rubber
glove can also exsanguinate the digit as it is rolled down into
position (Fig. 1.7a). It is useful for minor surgery on the dis-
tal portion of a digit, but for any more major procedure a
pneumatic tourniquet (Fig. 1.7b) is preferable. The tourni-
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Figure 1.6 (a) A ‘'mounted tie'is used to carry a ligature to the
open jaws of an artery forceps passed beneath a vessel. (b) After
ligation the procedure is repeated. (c) An isolated section for division
is obtained.

quet is applied and, before inflation, the limb is emptied by
elevation alone, or by elevation combined with the firm
application of a rubber bandage from the digits up to the
tourniquet. The tourniquet is then inflated to 50 mm of mer-
cury above systolic pressure and the bandage removed. The
pressure is maintained at this level until surgery is com-
pleted, and in a fit young patient may be left inflated for up
to 90 minutes. Alcohol-based antiseptic skin preparation
should be avoided as seepage of the solution under the
tourniquet may result in iatrogenic chemical burns.

Knots

The simple and reliable reef knot is well known, and is uni-
versally advocated for surgical purposes. It is essential that it
is kept ‘square’ by being tightened in the correct directions,
for an insecure slip-knot results if this precaution is not
observed (Fig. 1.8). A triple knot is the modification of the
reef knot commonly used, and at least three throws are

Figure 1.7 (a) A finger tourniquet, fashioned from a surgical glove
finger, with the tip cut off, is placed on the finger and rolled to the
base. A size should be chosen which is a firm fit before it is rolled.
(b) A pneumatic tourniquet. After applying the tourniquet around the
upper arm, the arm is exsanguinated by elevating it and wrapping a
rubber bandage around it, starting distally. The tourniquet is then
inflated and the bandage removed

required for security. With slippery monofilament material,
multiple throws are required to provide a safe knot, and the
ends should not be cut too short. Extra turns in all, or just the
first throw, can give added security especially to a knot of
thicker monofilament material.

Knots may be tied using the needle holder to grasp the end
of the suture material which must be wound around the
instrument in the opposite direction on the second throw to
achieve a reef knot (Fig. 1.9). This method is suitable for
tying the knots of skin sutures, and is also used for the knots
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Figure 1.8 Different types of knots. (A) A granny knot: this is an
unsafe knot, which should never be used. (B) A reef knot: this must be
kept 'square’ by tightening in the correct directions and with equal
tension on the ends. (C) A reef knot which has been spoiled by
careless tightening, so that an insecure knot results. The white strand
has been pulled to the left. (D) The white strand has been correctly
pulled to the right, the black to the left; see (B). (E) Atriple knot. (F) A
surgeon's knot with an extra turn on the first loop.

in laparoscopic surgery which have to be executed entirely by
instrument. In open surgery, a hand technique is preferred
for tying the knot of a ligature, or of a deep suture, as it is felt
to be more secure. The left-hand technique is shown in
Figure 1.10. It is important to remember that whichever
technique is used, if a reef knot is not kept ‘square’ a ‘slip-
knot’ results. In a deep wound the index finger of the left
hand is used after each throw to settle the new throw onto
the previous throw and to tighten the knot.

At the end of a continuous suture the surgeon is left to tie
a ‘loop’ to an ‘end’ which is not ideal, especially in slippery
monofilament material. The Aberdeen knot is useful in this
situation and is shown in Figure 1.11.

Closure of superficial wounds

Healing by first intention is a realistic expectation after most
surgical and traumatic breaches to the skin, and the skin
edges are approximated. Grossly contaminated wounds pre-
senting late, with possible concern over viability of deeper
tissue, are obviously unsuitable for primary closure, and
their management is considered in more detail in Chapter 3.
More minor contamination is not a contraindication to pri-
mary closure if surgical debridement is radical. Any dirt or
foreign material must be removed.

Wounds of the hand require particular attention. Blunt

Figure 1.9  Aninstrument tie. Note that the suture material is
wound in the opposite direction in the second throw to achieve a reef
knot. The direction of pull on the suture ends must also be reversed
for each throw to keep the knot square.

injuries, which have produced a bursting injury with gross
oedema, should not be sutured as the tension will be too
great. Wounds of the wrist and hand are easy to underesti-
mate. There is little subcutaneous fat and tendons and nerves
are vulnerable. Often, an apparently simple skin laceration
has been repaired, and only later does it become apparent
that a superficial tendon or nerve has also been severed. In
every hand and wrist laceration the surgeon must, before
exploring the wound, check for distal function of any struc-
ture which could have been injured. Exploration for deep
damage requires good operative and anaesthetic conditions,
and is discussed further in Chapter 3.

Failure of primary healing in a sutured skin wound is usu-
ally due to a collection of serosanginous fluid or blood in the
subcutaneous fat. This has collected due to failure to obliter-
ate a dead space, combined with suboptimal haemostasis.
Rough handling of tissue may have caused devitalized areas
and any minor contamination then results in an infected col-
lection. The potential dead space in the subcutaneous fat
may be obliterated by the skin suture (Fig. 1.12), or a sepa-
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Figure 1.10 Method of tying a reef knot with the left hand. Note how the knot is kept 'square’
by tightening in the correct directions (the end of suture material passing off the edge of each
photograph is held in the right hand). This is an original illustration from the 1954 edition. The
photographs were taken by Eric Farquharson himself of knot tying by his wife, Elizabeth
Farquharson, who is also a doctor.

rate absorbable suture can be used to appose the fat. The lat-
ter is more successful in areas where there is a membranous
layer to the superficial fascia as in the groin. In many
instances the subcutaneous fat, although thick, lies in appo-
sition and no further action is needed other than careful
haemostasis. The routine use of surgical drains in the subcu-
taneous fat is being challenged in many areas of surgery.
However, there are situations where most surgeons would
recommend vacuum drainage of the subcutaneous fat for
24-48 hours, or for longer if drainage is significant. A poten-
tially large dead space, as after the removal of a large lipoma,

is one instance. A drain may also be beneficial when bacterial
contamination of the wound has occurred in colonic sur-
gery, as even a small collection of blood in the subcutaneous
fat is likely to become infected.

After dealing with the subcutaneous fat, the skin edges
must be held in accurate apposition and supported for as
long as it takes for the scar to develop the tensile strength
necessary to protect against distraction.

Interrupted skin sutures may cause scarring, especially if
the sutures are too tight and postoperative tissue swelling
causes them to cut into the skin. Vertical ‘mattress sutures’
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Figure 1.11 The Aberdeen knot. (a) After the last suture has been
inserted, it is drawn through until there is only a small loop. The
surgeon passes his or her index finger and thumb through the loop to
grasp the suture and pull it through to form the next loop. (b) As each
new loop is formed, the previous loop is allowed to close to form the
next layer of the knot. (c) Finally, the end of the suture - rather than
a loop of it - is passed through the loop and the knot tightened.

Figure 1.12  (a) A simple suture securing apposition of skin and
underlying fat. (b) A vertical mattress suture.

used to evert the skin edges have even greater potential to scar
the skin if they are drawn too tight (Fig. 1.12b). Interrupted
skin sutures should be of a fine smooth non-absorbable mate-
rial such as nylon or polypropylene (Prolene), which causes
less tissue reaction than silk. Cutting needles are required for
skin. The needle should be passed perpendicularly through
the skin and the stitches tied with only sufficient tightness to
bring the skin edges together without constriction. Knots
should be placed laterally away from the wound. Tight sutures
cause ischaemia, delay healing, and increase scarring. The
intrusive cross-hatched scars, associated with interrupted
sutures, are a result of suture-induced ischaemic necrosis. An
interrupted suture closure can give excellent cosmetic results
on the face where sutures should be removed ataround 5 days.
Epidermal downgrowth of spurs occurs around suture mate-
rial in situ for over a week and results in small punctate scars.
As the skin in most areas of the body requires the support of
sutures for the healing wound for at least 7 days, these little
punctate scars may be unavoidable. Below the knee, and on
the back, sutures are needed to prevent skin dehiscence for
around 2 weeks.

A continuous subcuticular suture to appose the dermal
layers of the skin is a fast and cosmetically satisfactory
method of skin closure (Fig. 1.13). The additional scarring
from sutures is avoided, but it should be noted that a subcu-
ticular suture gives no support to the underlying tissue.
Synthetic absorbable materials are frequently used by general
surgeons to close incisions. However, these can cause a tissue
reaction and may in some cases be blamed for poor scars.
Any knots of absorbable suture should be placed deep and
well away from the wound edge. The tissue reaction induced
by catgut was sufficiently severe to preclude its use as a sub-
cuticular suture. A non-absorbable nylon or Prolene subcu-
ticular suture avoids the tissue reaction associated with
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Figure 1.13 A subcuticular non-absorbable suture should be of a
smooth material such as Prolene for easy removal, and the ends are
brought out beyond the wound. If an absorbable suture is used the
ends are secured by buried knots.

absorbable sutures, and is removed after 10-14 days. The
needle is introduced beyond one end of the wound and after
completion is brought out beyond the other end. Steristrips
can be used to provide support and to secure the suture. A
crushed bead on the suture will also secure it, but has the dis-
advantage that such beads prevent any suture material being
drawn into the closure as the wound swells postoperatively,
and thus the beads are pulled into the skin causing discom-
fort, and occasionally additional scarring.

Skin clips, steristrips and tissue glue can also be used for
skin closure in certain circumstances. If clips are used, they
should be removed early as they can be associated with cos-
metically unacceptable cross-hatching of the scar.

SURGERY OF SKIN LESIONS

Surgical removal of benign tumours and other skin lesions
is often requested purely on cosmetic grounds.
Alternatively, there may be recurrent infection, bleeding or
pain making removal desirable. The patient or the surgeon
may be concerned about malignancy. Before embarking on
cosmetic excisions the surgeon must be confident that the
scar will be less conspicuous than the original blemish. He
or she should also consider the natural history of the
lesions, for example the disfiguring cavernous haeman-
giomata, which may enlarge dramatically in late infancy, are
self-limiting, and the results of surgical intervention are
usually worse than the results of natural regression. The
differential diagnosis of skin lesions is beyond the scope of
this chapter, but many simple excisions can be avoided if
the patient can be confidently reassured that a lesion is
benign. Accurate clinical diagnosis is therefore important.'
Cooperation with a dermatologist is invaluable for this, and
for the management of those skin lesions better treated by
curettage, cryotherapy or topical applications.” Lasers also
have a valuable role in the management of certain skin
lesions such as capillary malformations and café-au-lait
macules.

Anaesthesia

Local infiltrative anaesthesia with lignocaine is suitable for
most minor superficial operations. Lignocaine is available as
1 or 2 per cent solutions. A 0.5 per cent solution is equally
effective and, if unavailable, can be made by dilution of the
above strengths with normal saline. The recommended max-
imum dose of lignocaine is 3 mg/kg bodyweight. Thus, for an
average 70-kg man the surgeon may use only 10 mL of a 2 per
cent solution but 40 mL of a 0.5 per cent solution. The more
dilute solutions therefore have advantages when more exten-
sive surgery is planned. Lignocaine with adrenaline is suit-
able for local infiltrative anaesthesia, except in the vicinity of
end arteries where arterial spasm could endanger blood sup-
ply and, in particular, should be avoided in a finger or toe.
An adrenaline-containing local anaesthetic agent has several
benefits. The arteriolar constriction reduces small vessel ooze
during surgery, and also slows the absorption of local anaes-
thetic agent into the circulation. This gives both a longer
period of anaesthesia and allows a higher dose to be used
before there is concern over systemic toxicity. Proprietary
solutions contain 1 part adrenaline in 200 000. Local anaes-
thetic agents are introduced into the subcutaneous fat as
shown in Figure 1.14. If the injection is close to the skin the
delay before anaesthesia is minimized, but if it is injected
intradermally, although effective, the initial injection is more
painful. It should be remembered that the skin will require to
be anaesthetized wide of the incision to include the skin
through which the sutures are to be placed. As the solution is
injected the point of the needle is slowly moved, thus mini-
mizing any risk of significant intravenous injection.
Aspiration before injection is only necessary when a large
volume of local anaesthetic agent is injected at one site. To
anaesthetize a large area of skin, the needle may have to be
introduced at multiple points.

Bupivicaine (0.5% and 0.25% solutions with, and without,
adrenaline) is a longer-acting local anaesthetic agent. Its
onset is slower than lignocaine, but its effectiveness for up to
8 hours is useful for postoperative pain relief.

A local anaesthetic agent may be used around a nerve to
give anaesthesia in the area which it serves. A digital nerve
block (Fig. 1.15) is commonly used for surgery on a digit.
Lignocaine without adrenaline is injected into the web spaces
on either side of the finger around the dorsal and palmar dig-
ital nerves. Other common nerve blocks include brachial,
intercostal, ilio-inguinal and femoral.

Figure 1.14 Subcutaneous infiltration of a local anaesthetic
agent.
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Figure 1.15 Digital nerve block anaesthesia.

Subcutaneous fat has very few nerve endings, and a
large subcutaneous lipoma can often be removed pain-
lessly with local anaesthesia only infiltrated just beneath
the overlying skin. However, if a cutaneous nerve which
has not been anaesthetized is encountered severe pain may
ensue.

Infiltration of local anaesthesia is painful. The pain can be
minimized by warming the solution, adding bicarbonate to
render it less acidic, injecting slowly with a fine-gauge needle,
prior topical application of local anaesthetic creams such as
EMLA (a combination of lignocaine and prilocaine), infil-
trating areas of looser tissue first, and by performing local
nerve blocks prior to more extensive infiltration. However,
pain is always worse in an anxious patient and gentle reas-
surance can also minimize distress.

Excision of a benign skin lesion

An ellipse of skin is excised so that a linear closure can be
effected (Fig. 1.16a), and the long axis of the ellipse should
ideally be in, or parallel to, the natural skin creases. The
width of the ellipse should be such that the lesion is fully
excised plus a small margin of macroscopically normal
skin. The resultant scar is thus seldom shorter than three
times the diameter of the original lesion. Underlying sub-
cutaneous fat may have to be included in the ellipse if the
lesion extends into it. In other instances, fat underlying
the excised skin ellipse must be excised to allow the skin
edges to be brought together without tension. Haemostasis
and closure of the defect are performed as discussed
above.

Figure 1.16  Excision of skin lesions. (a) An elliptical incision is
most suitable if a linear closure is planned. (b) A circular or oval
incision is more appropriate if a skin graft is planned.

Excision of a malignant skin lesion

The three most common skin cancers have different behav-
iour patterns and thus pose different challenges for the sur-
geon.

BASAL CELL CARCINOMA (RODENT ULCER)

This is the most common malignant skin tumour. It is slow-
growing and metastases are extremely rare, but if left
untreated it may penetrate deeply and erode into soft tissue,
and even into bone. The excision should be planned to
include at least 3 mm of normal tissue on all aspects, includ-
ing the deep surface. The microscopic edge of the tumour
may be wide of the clinical edge, and the histology is impor-
tant to check the completeness of excision, especially at the
deep margin. Complete excision is associated with a recur-
rence rate of less than 2 per cent. A technique of excision in
layers, with horizontal frozen section control, has been
described by Mohs. Its use is not widely accepted for primary
basal cell carcinomas but it may have advantages for
recurrent lesions in ensuring complete tumour ablation.” It is
not a technique that can be recommended for general
surgical practice. Penetrating tumours around the eyes,
nose, mouth and ears can pose major surgical problems,
requiring skilled reconstruction following excision. This is
considered in more detail both later in this chapter and in
Chapter 10. Radiotherapy can also be used to treat these dif-
ficult lesions, but scarring still occurs and cosmesis may be
no better. In addition, radiotherapy is contraindicated in cer-
tain areas, for example the pinna and close to the lacrimal
canaliculi.
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SQUAMOUS CELL CARCINOMA

This tumour may arise in normal skin, but areas damaged by
chronic traumatic or venous ulceration, or by solar exposure,
are at increased risk. The tumour is sensitive to radiotherapy,
which may be used as an alternative to surgical excision in
some sites. Carcinoma in situ may extend beyond the visible
lesion, and excision to include a margin of 1 cm of macro-
scopically normal skin is recommended. Advanced tumours
metastasize to regional nodes. The multiple superficial
tumours of sun-damaged skin appear to be a less aggressive
subgroup. Surgery for squamous cell carcinoma of the lip
and pinna are discussed further in Chapter 10.

MALIGNANT MELANOMA

This is the most aggressive of the skin cancers. Tumour
thickness and depth of penetration are major determinants
of survival,*” as metastatic spread is increasingly likely with
thicker tumours. A wider excision is recommended than for
other skin malignancies as there is a real risk of local recur-
rence in the skin and subcutaneous tissue adjacent to the
scar. This risk is also related to tumour thickness, and rec-
ommended clearance margins for excision are based on the
thickness of the melanoma.® The very wide excisions previ-
ously performed have, however, been shown to be unneces-
sary, and a 1-cm margin of normal skin around tumours of
less than 1 mm in depth has been demonstrated to be suffi-
cient. Between 1 and 2 mm the evidence is open to interpre-
tation, and a margin of between 1 and 2 cm is normally
accepted. A 2-cm clearance is recommended for lesions
between 2 and 4 mm in depth. Thus, a 3 mm-thick tumour
requires a margin of 2 cm of normal skin. Assuming that the
tumour itself is 1 cm in diameter, the width of the ellipse
needs to be 5 cm. The excision should be carried down to,
but not through, deep fascia to achieve optimum clearance
margins in the deep plane. The excision of the underlying
subcutaneous fat has the additional advantage that it may
reduce the tension on a primary closure, but in many areas of
the body simple closure is not possible and skin grafting or
flap reconstruction is required. Reconstruction with a flap
may be cosmetically preferable. The limb proximal to a
melanoma is avoided as a donor site for a skin graft for fear
of encouraging the development of recurrent skin nodules
within it.

Preoperative decisions in malignant melanomata are diffi-
cult, especially as clinical diagnosis is far from infallible.
Lesions which appear benign clinically are excised and the
diagnosis of malignant melanoma is only made at histologi-
cal examination. Conversely, many surgeons have experience
of a patient who has had a wide excision with the inevitable
challenge of skin closure and scarring, only to find that the
confident clinical diagnosis is not confirmed histologically.
Malignant melanomata may arise in normal skin, from
within a pre-existing benign naevus, or from a single area of
an in-situ lentigo maligna. The tumours vary in appearance
and although dark pigmentation is usual, amelanotic lesions

also occur. Even if a confident diagnosis is made preopera-
tively the estimation of thickness is uncertain, especially if it
has arisen from the edge of a pre-existing benign naevus.
Fortunately, an initial excision followed by a wider clearance
is not detrimental and is thus the surgical management of
choice for most suspicious lesions. If a suspicious lesion is
excised under local anaesthesia with a 2-mm clearance,
urgent paraffin section histology will give a firm diagnosis
and an accurate measurement of the thickness of the lesion.
This will allow definitive further surgery, if indicated, to be
planned a few days later. Incision biopsies or frozen-section
histology are seldom helpful. A minimal excision biopsy
margin ensures tension-free healing and also maintains the
local lymphatic drainage patterns. This is important if a sub-
sequent sentinel node biopsy technique is to be employed.

When grafting or flap reconstruction is planned, rather
than linear closure, a more rounded ellipse, or circle, of tis-
sue is excised (Fig. 1.16b). Malignant melanomata around,
or under a nail, often require at least partial amputation of
the digit to achieve the necessary local clearance and skin
cover.

The spread of malignant melanoma occurs by both lym-
phatic and haematogenous pathways, and there has been
much debate over the years regarding the potential benefit of
prophylactic radical excision of the drainage lymph nodes.” If
the nodes are tumour-free the operation has been unneces-
sary and carries significant morbidity. If nodes are positive, it
may still have been unnecessary if haematogenous spread has
already occurred, as death from distant metastases may pre-
cede symptoms from the regional nodes. Theoretically, how-
ever, there may be a few patients in which the surgery might
prevent further spread. The most accurate method of identi-
fying nodal metastases, prior to a full nodal dissection, is by a
sentinel node biopsy.

Sentinel node biopsy
Sentinel node biopsy is based on the premise that if there is
no metastasis in the first drainage node (sentinel node), then
the risk of any further nodal metastases is so low as to make
a radical lymphadenectomy unjustified. The technique is
employed in both malignant melanoma and in breast cancer.
Two methods of identification of the sentinel node have been
developed, but most surgeons now favour a combination of
the two. Radiolabelled colloid or vital dye is injected into tis-
sue adjacent to a primary tumour, on the premise that the
lymphatic drainage of this tissue will be identical to that of
the tumour itself. The sentinel node is then identified by the
concentration of the isotope, as shown by scintigraphic
images or hand-held gamma ray probes, and also by the con-
centration of blue dye, as seen at operation. Timing is of
great importance, as the clearance of the two substances dif-
fers. Radiolabelled colloid is slow to reach the regional nodes,
but once there remains concentrated in the sentinel node.
Vital dye, in contrast, reaches the sentinel node within
5-10 minutes, and then rapidly drains on into further nodes.
In melanoma surgery, radiolabelled colloid is injected
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around the biopsy site the day before surgery, and a subse-
quent preoperative scintigraphic scan will identify the posi-
tion of the sentinel node. This is of particular help in
planning surgery when it is not immediately apparent to
which nodal group the lymphatics of the tumour drain.
Nodal dissection can be guided by a hand-held gamma ray
detector, but accuracy is increased if blue dye is also injected
intraoperatively. At around 10 minutes after injection there
should be one intensely stained node which is excised for his-
tology. Lymph node clearance is then performed only in
those patients with a positive sentinel node. This technique,
although undoubtedly logical, has not to date been demon-
strated to produce a survival benefit.® The surgery of lymph
nodes is discussed further in Chapters 2, 9 and 24.

Radiotherapy has no place in the treatment of primary
melanoma but can be valuable for the treatment of intracra-
nial or spinal metastases. Systemic chemotherapy has been
disappointing and isolated limb perfusion, although control-
ling local disease, does not significantly alter survival.’

Excision of a sebaceous cyst

Excision of sebaceous cysts is recommended as they enlarge,
often become infected, and seldom regress spontaneously. It
is important to excise them completely in order to prevent
recurrence. They arise from the deep layers of the skin and
are most satisfactorily excised in a similar manner to that
used for other skin lesions, through an elliptical incision. The
punctum, where the overlying skin is tethered to the cyst,
should be in the centre of an ellipse. The length of the ellipse
approximates the diameter of the cyst. The width of the
ellipse is determined by planning the skin closure, and will
vary with the degree of skin stretching that has occurred. For
example, a sebaceous cyst on the scalp is protuberant with
stretched overlying skin and a wide ellipse is removed.
Sebaceous cysts on the back lie mainly in the subcutaneous
tissue with minimal stretching of the overlying skin, and only
a narrow ellipse of skin need be removed.

First the skin ellipse is incised, and care must be taken not
to enter the cyst with this initial incision. The plane is then
developed immediately outside the cyst wall. This plane can
be difficult to enter, especially where stretched skin is closely
applied to the cyst wall. It is often easier to dissect initially at
the two ends of the ellipse ensuring that the skin incision is
full thickness into subcutaneous fat. Artery forceps, applied
to the freed ends of the ellipse, and a skin hook placed under
the lateral skin edge, can be used to retract and counter-
retract to identify the plane (Fig. 1.17). In all dissections nat-
ural planes between structures can be found and developed
by a blunt or a sharp method of dissection. In blunt dissec-
tion, reliance is placed on the assumption that natural cleav-
age occurs between structures. If however there is
inflammatory scarring, the line of least resistance to separa-
tion may be through the cyst wall or out into the fat, and
there is tearing of tissue. In all areas of surgery sharp dissec-

Figure 1.17  Excision of a sebaceous cyst. The artery forceps on the
freed corner is useful for retraction as the lateral skin edge is lifted
initially with a skin hook.

tion allows far more accurate dissection, and has the poten-
tial for more complete removal of pathology with preserva-
tion of delicate adjacent structures. This principle is
discussed further in the chapters on abdominal surgery.
Forceps or scissors can be used to develop a plane by blunt
dissection. For sharp dissection the areolar tissue of the plane
must be held on stretch and divided under direct vision with
scissors, scalpel or diathermy.

An alternative method of cyst excision can be utilized to
minimize cutaneous scarring. Instead of excising the cyst
unruptured, the cyst is deliberately punctured by driving a
3—4-mm punch through the overlying skin and superficial
cyst wall. The contents are expressed and the cyst wall is then
teased out through the skin opening. The resultant wound is
relatively small and can be closed primarily or left open to
heal by secondary intention with a pleasing cosmetic out-
come.

If any inflammation is present, removal of the cyst should
be deferred until this has subsided. A frankly infected seba-
ceous cyst should be simply incised and the contents drained.
No attempt should be made to excise it as wound complica-
tions and disappointing scars are often the result. In addi-
tion, the infection frequently destroys the lining of the cyst
and no further treatment may be necessary. If the cyst does
recur, excision can be planned at a later date.

SURGERY OF FINGER AND TOE NAILS

If a finger or toenail is avulsed the nail regrows from the nail
bed. Avulsion can therefore only be a good surgical option
for a self-limiting condition. For example, trauma to a digit —
with the associated soft tissue swelling — can result in a previ-
ously trouble-free nail growing into the oedematous tissue of
the nail fold and causing further damage and infection. The
curved nails which cause ‘in-growing toenails’ are really only
a chronic variant of this as the condition is almost unknown
in bare-foot people. An avulsion to allow the infection to
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settle may be successful if the patient is prepared to adapt
their nailcutting and footcare when the new nail regrows. A
nail may also be avulsed to examine — and even biopsy — a
dark stain under a nail when there is doubt as to whether this
is a haematoma or a malignant melanoma. If, however, there
have been recurrent problems with an ingrowing nail, or a
nail is thickened with onychogryphosis, the nail bed must be
removed, or destroyed, otherwise the problem will simply
recur as the nail regrows. The nail bed may be excised using
a Zadek’s operation (Fig. 1.18), or it can be destroyed with
phenol.

Either a general anaesthetic or a digital block is suitable for
toenail surgery, and a toe tourniquet will give a bloodless
field. Bleeding can obscure the anatomy in a Zadek dissec-
tion and it will displace the phenol during phenolization.
The nail is first avulsed. One blade of a heavy artery forceps is
introduced under the nail, either in the medial or the lateral
third. Rotation of the closed forceps lifts the medial or lateral
nail edge out of the basal corner and the nail fold (Fig. 1.18a).
The manoeuvre is repeated on the other side and the whole
nail avulsed. The tissue overgrowth and proud granulations
are curetted or excised from the nail folds. The raw nail bed
is dressed with tulle gras, absorbent dressings and a crepe
bandage. The distal pulp skin should be visible beyond the
dressing so that adequate perfusion can be confirmed.

To excise the nail bed two incisions are made out from the
basal corners, and the flap of skin overlying the base of the
nail is elevated (Fig. 1.18c). The germinal area of the nail bed
is dissected out, paying particular attention to the medial and
lateral extensions, which are loosely attached to the bony
expansions at the base of the proximal phalanx. This is not,
therefore, a suitable operation if there is sepsis as there is a
risk of spreading the infection into the bone or joint. An
infected ingrowing nail should be avulsed and the excision of
the nail bed postponed for around 6 weeks, by which time all
infection should have settled. For the same reason, excision
combined with phenolization should be condemned as the
phenol damages the joint capsule if the excision is already
complete. At the end of a Zadek excision the medial and lat-
eral corner extensions of the germinal matrix should be
checked for completeness (Fig. 1.18d). An artery forceps,
inserted into the excised lateral corner, will only pass out
through it if excision has been incomplete. Regrowth from
germinal matrix left in situ can result in recurrent nail
spicules. The incisions WX and YZ are closed with a suture,
and the raw tissue of the nail bed is dressed with tulle gras
and absorbent dressings.

Immediate phenolization after avulsion is safe in the pres-
ence of infection and avoids the necessity of a second proce-
dure. Phenolization must be carried out with great care in
order to avoid burns to surrounding tissue. Aqueous phenol
crystals are used and melted over hot water. After 3-5 min-
utes of contact with the germinal nail bed the phenol is neu-
tralized with alcohol. The nail bed is then dressed in the
standard fashion. Healing is slow as this is a chemical burn.

Recurrent nail growth may be a problem with either

Figure 1.18 Zadek's nailbed excision. (a) The medial edge of the
nail has been avulsed and the forceps are in place to avulse the
lateral edge. (b) The germinal matrix of the nail is in the proximal
third of the nailbed. It extends under the skin fold at the base of the
nail and laterally under the skin at the edge. In the basal corners
there is often a significant extension (d). (c) The incision WXYZ is
made and the flap elevated to expose the basal germinal matrix. The
incisions XP and YQ then allow retraction of the lateral skin folds.
The incision PQ is distal to the half moon on the nail bed which
indicates the end of the germinal portion. The whole area of germinal
matrix is then excised but this is easier after it has been divided into
two lateral halves by the incision RS. Both PQ and RS are incisions
through the whole thickness of the germinal matrix. In the corners
the germinal matrix extends further than is often appreciated (as far
asZ). (d) A complete specimen of germinal matrix. An artery forceps
inserted into the corner should not protrude out through a defect.

method but can be largely avoided by meticulous technique.
Some patients with in-growing toenails are anxious to retain
a toenail. It is possible to avulse only a lateral or a medial
third of the nail, and then to excise or destroy only that area
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of germinal matrix. Unfortunately, the original problem may
recur at the new edge of the nail, and many of these patients
will finally need a full nail bed ablation.

EXCISION OF A LIPOMA

Lipomata are the commonest tumours of the subcutaneous
tissue, and excision is only indicated if they are painful, or
large and unsightly. A rapid increase in size occasionally
causes concern that the tumour might be a sarcoma. A linear
incision through the overlying skin is deepened through the
overlying fat until the surface of the lipoma is reached. It can
be distinguished from the surrounding fat by a slightly dif-
ferent colour, and the fatty lobules are larger. In addition,
there is a suggestion of a fine transparent ‘capsule’. A lipoma
can be shelled out using blunt dissection, and this is often the
most appropriate method. Alternatively, a sharp dissection
can be used to cut the fine areolar tissue put on stretch
between the lipoma and the surrounding fat (Fig. 1.19). Even
a large lipoma can be easily excised under local anaesthesia
unless it is clinically adherent to the underlying muscle. The
plane on the edge of a lipoma will be clear of subcutaneous
vessels and nerves, and very little in the way of either enter
the lipoma. A lipoma which is clinically adherent to underly-
ing muscles has extensions tracking deep between muscle
bellies, often around small vessels and nerves entering the
lipoma. This is a particular problem in lipomata on the back
of the neck, and not only explains the aching and shooting
pains sometimes associated with these lesions, but can also
make their removal under local anaesthesia very challenging.
The closure of the subcutaneous tissue and skin is discussed
above.

If histology shows the presence of a liposarcoma, a re-exci-
sion should be undertaken to include the scar and a margin
of the surrounding tissue in order to prevent local recur-
rence.

The use of liposuction to treat lipomata is controversial.
Although often effacious, the small risk of misdiagnosis, and
inadvertent liposuction of a malignancy, is cause for con-
cern.

SURGERY FOR SKIN LOSS OR DESTRUCTION

Skin may be lost by direct mechanical trauma or irretrievably
damaged by pressure, ischaemia, heat, chemicals or infec-
tion. The final pathway of treatment in all of these situations
is the subsequent restoration of skin cover by surgical
means." Barly excision of obviously dead skin reduces the
risk of secondary infection and, in conditions such as exten-
sive burns, is associated with improved survival and out-
come. It is therefore no longer regarded as advisable to watch
and wait as skin sloughs. In an appropriate setting, early exci-
sion is more often the treatment of choice. However, in the

Figure 1.19  Retraction, with counter-traction, demonstrates the
fine strands of areolar tissue which are all that cross the plane
between a lipoma and the surrounding fat.

two situations below, early surgery to dead skin is manda-
tory.

Constricting eschars

Thermal and chemical burns may cause full-thickness
destruction so that the skin is replaced by a hard, constricting
eschar. If this is circumferential on a limb or the chest it may
threaten the distal circulation or prevent adequate respira-
tory movement. Such eschars require early linear incision
down to live tissue to allow release of the constriction.

Necrotizing skin infections
Here, the progressive skin destruction is often only arrested
by surgery. Although bacterial in aetiology, antibiotics alone
are ineffective as tissue death is occurring ahead of bacterial
colonization, by the combined effects of cytotoxic bacterial
toxins and ischaemia secondary to small vessel damage.
Antibiotics do not penetrate dead tissue. Fournier’s gangrene
and necrotizing fasciitis are examples of this process. As soon
as the diagnosis is suspected, the extent of the damage must
be explored under general anaesthetic, and the patient fore-
warned of the extensive nature of the surgery which may be
required. In necrotizing fasciitis an apparently localized
abscess, which may have been explored locally a few hours
before, is associated with extensive death of fascia, subcuta-
neous fat and overlying skin. The patient may be extremely
unwell and require intensive care support in addition to
antibiotics, but the only chance of cure is complete excision
of all the dead tissue." Fortunately, tissue deep to the deep
fascia is normally spared. Extensive reconstruction is post-
poned until the infection is under control and the patient’s
general state has improved.

Necrotizing infections of muscle are discussed in Chapter 3.



14 Surgery of the skin and subcutaneous tissue

Reconstructive procedures

Not every wound can be closed directly, especially after skin
has been lost by trauma or surgical excision. If direct suture
without tension is impossible, then a range of choices is
available. The simplest effective measure is usually the best,
but the long-term cosmetic result should be considered.
Many of these procedures are suitable for general surgeons,
but some will yield poor results to an occasional operator. If
extensive reconstruction is anticipated, and especially on the
face, the help of a plastic surgeon is essential if at all possible.

SIMPLE UNDERMINING AND ADVANCEMENT

Careful undermining of the adjacent tissues away from the
edge of a wound may permit primary closure without ten-
sion. The level at which this undermining should be carried
out is important. In the face, undercutting must be close to
the skin to avoid branches of the facial nerve. In the limbs
and trunk, the most suitable plane is on the deep fascia, while
on the scalp the best plane is between the galea and the peri-
cranium (Fig. 1.20). Carefully placed parallel incisions to
the under surface of the galea may allow further advance-
ment without tension. If skin closure is not possible even
after undermining, skin grafting should be considered, along
with any possible benefit in opting for a flap technique
instead.

SKIN GRAFTS

Grafts are completely detached from their origin and, to sur-
vive, must obtain adequate nourishment from the bed on
which they are placed.

Limbs/Trunk

Figure 1.20 Undermining of skin edges can reduce tension on a
suture line. The general technique is shown in (a). The optimum depth
for this undermining varies in different parts of the body (b-d).

Split skin grafts

These are the general-purpose grafts most frequently used.
They can be taken from any part of the body, but the com-
monest donor site is the lateral surface of the thigh. The
grafts may be cut at different depths. Thin grafts, consisting
of little more than epidermis, are used mainly to cover gran-
ulating areas where the urgent need is for wound healing.
They ‘take’ well, even in the presence of infection, but their
inability to withstand wear and tear, and their tendency to
contract relegates them to the category of temporary grafts
that will need later replacement by thicker grafts or flaps.
Thicker grafts contain more dermis and are far more durable
and pleasing in appearance. Indeed, the thicker split-skin
grafts are almost indistinguishable from a full-thickness
graft. However, the surgeon must be careful to select an
unobtrusive donor site, as the thicker the skin graft the more
unsatisfactory may be the healed donor area.

PREPARATION OF THE RECIPIENT AREA

A clean, freshly made ‘tidy’ wound (whether surgical or trau-
matic) presents no problems, provided that complete
haemostasis is secured, preferably with bipolar diathermy
coagulation. The base of the wound should be as even as pos-
sible, and any spaces between muscle bellies obliterated by a
few interrupted fine sutures. If ideal conditions are not met it
is possible to store skin grafts for a limited period of time (see
below) and apply them to the wound at a later date.

By contrast, ‘untidy’ wounds and granulating areas may
require careful preparation. Adherent slough must be excised,
and any crevices in the granulating area removed by scraping
away the exuberant soft granulations. Regular wet dressings,
soaked in saline or an antimicrobial solution, can be applied
until a healthy, pink, flat granulating surface is produced. The
process of establishing a healthy granulating bed can be accel-
erated by the use of the KCI mediscus VAC system, which
comprises a foam dressing placed under negative pressure by
a suction device. The fitness of the wound for grafting is prob-
ably best judged by the clinical appearance, as the informa-
tion obtained by bacterial investigation is not always helpful
and may be misleading. Complete sterility is usually unob-
tainable, and is not essential. However, the presence of B-
haemolytic streptococci group A is a contraindication to
grafting and must be treated first with systemic antibiotic
therapy. A heavy growth of any pathogenic organism can
interfere with the graft ‘take’, and frequent dressings — possi-
bly containing an antibacterial agent such as povidone iodine
— may first be required to reduce bacterial colonization. The
indiscriminate local application of antibiotic powders, solu-
tions and creams or various desloughing agents (enzymatic,
chemical or hydrophilic) is an extremely expensive and
largely worthless substitute for a good dressing technique.

In the operating theatre a healthy granulating area
requires little extra preparation other than cleansing with
povidone iodine or Hibitane, followed by saline. If some of
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the granulations are still exuberant and unhealthy in appear-
ance, they should be scraped away and bleeding controlled
with moist warm packs.

CUTTING AND PREPARING THE GRAFT

The donor site, which should have been shaved if hairy, is
simply prepared like any other operation site. Grafts can be
harvested with a hand-held knife, but more consistent results
are achieved with a powered dermatome device. The blade of
the knife and the donor site are smeared with a lubricant
such as liquid paraffin. The limb should be held firmly by the
assistant whose hands provide counterpressure from behind
to present the surgeon with a flat surface from which to cut
the graft. The surgeon creates tension on the donor site just
in front of the skin-grafting knife, either with a swab or a
wooden board (Fig. 1.21). A hand-held skin-grafting knife is
pressed firmly against the skin and, with a steady to-and-fro
sawing motion, the knife and skin grafting board move
steadily forwards (Fig. 1.21b).

Although the blade in the knife has been set at a predeter-
mined depth, the thickness of the graft is also influenced by
the pressure applied to the skin and the angle of the blade.
The surgeon must check the thickness of the graft as he or
she cuts it. This can be judged by the translucency of the graft
and the pattern of bleeding and appearance of the donor site.
A very thin graft is translucent so that the knife blade will
appear bluish grey in colour through it, and the bleeding
points on the donor surface will be closely packed and con-
fluent. A thicker graft will appear white in colour, and the

Figure 1.21

bleeding points on the donor surface are few and far apart
(Fig. 1.21c). If the skin graft has been cut at too deep a level
and subcutaneous fat appears, the surgeon has two choices:
(1) to resuture the graft in place and take a thinner graft else-
where; or (ii) to use the thick graft as a full-thickness graft
and place a thin split-skin graft on the unintentionally deep
donor site. The donor site should be dressed as soon as the
grafts have been cut. A variety of dressings may be used, but
these should be adhesive in order to avoid slide, and semi-
permeable to avoid collection of exudate. Inner dressings
should be covered by absorbent dressings and crepe bandag-
ing, and should be left undisturbed for at least 10 days.

The use of a graft in its unmeshed state provides the most
acceptable cosmesis. However, if extensive grafting is
required — as after major burns — the graft may be meshed to
expand it and make the most economical use of the available
skin. It may be passed through a meshing device (Fig. 1.22)
in which the mesh size is related to the degree of expansion of
the skin graft, and is determined either by the plastic board
utilized as a carrier for the meshing machine or by the offset
of the blades within the machine. A ratio of 1.5:1 expansion
of the graft provides minimal expansion, but improves the
ability of the graft to conform to an irregular bed, and allows
serum or blood to exude. Ratios of 3:1 or even 6:1 can be
used for more extensive burns. If a mesher is unavailable, the
graft can be ‘fenestrated’ by cutting slits in it with a knife
while it is lying on a wooden preparation board. In extensive
burns, stored cadaveric graft can be utilized to provide tem-
porary wound cover. Strips may be alternated with autograft.
As the allograft is rejected, the patient’s own epithelial cells

(a) A skin-grafting knife. (b) The method of cutting a split-skin graft. (c) The pattern of bleeding is an indication of the thickness of
the graft which has been taken. (d) The graft is spread out on tulle gras.
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Figure 1.22  Expansion of meshed skin.

grow out to replace them. All of these methods result in parts
of the wound healing by secondary intention with more
resultant scarring and contracture.

Skin grafts may be stored for up to 2 weeks in a refrigerator
at 4°C. Microbiological counts in the stored graft increase
with time, and its use beyond 14 days is undesirable. After
spreading the graft on tulle gras, the raw surfaces should be
folded together, the graft rolled up and lightly wrapped in a
gauze swab wrung out in normal saline, and placed in a ster-
ile container.

GRAFT APPLICATION AND FIXATION

The graft is placed over the recipient site and adjusted so that
it conforms to any irregularity of the bed. Any portion of the
graft not in contact with underlying tissue will die. The graft
is tacked to the edges of the defect with a few well-spaced
sutures which can be left long, and used to fix a ‘tie-over’
dressing (Fig. 1.23). The graft can be either placed directly on
the recipient site or first prepared on a sheet of paraffin gauze
spread on a wooden board. The sheets of graft skin are laid
with their superficial surface in contact with the paraffin
gauze (see Fig. 1.21d). If the gauze has been cut to the size of
the recipient site — remembering that uneven contours will
increase the size necessary — this can often make preparation
easier. Any wrinkles or curled edges are attended to, and the
graft is trimmed as required. If several sheets of graft are nec-
essary the best configuration of the pieces can be planned.
When no meshing device is available, and expansion is nec-
essary, the graft can be meshed using a scalpel as it lies on the
board as described above. Alternatively, just a few small slits
can be cut to give the graft greater ability to conform. This
will also allow exudate to escape and prevent it from lifting
the graft off its new bed. The graft can then be transferred to
its new site on the tulle gras.

Figure 1.23 Tie-over dressing.

CARE OF GRAFTS: DRESSINGS OR EXPOSURE
Failure of the split skin graft to ‘take’ completely is due to:

¢ acollection of serum or blood beneath the graft;
¢ infection; and/or
e dislodgement of the graft.

Exposure of skin grafts allows exudate or haematoma to be
expressed in the first few hours and prevents shearing by a
dressing. The graft is however exposed to other potential
trauma, and patient cooperation and expert nursing are
essential.

A dressing protects the graft from outside interference, but
great care is needed over its application. Light pressure on
the surface of the graft will reduce the chance of exudate lift-
ing it from the underlying tissue. A crepe bandage over a
layer of absorbent dressing is suitable for a flat or convex
graft surface. However, if the surface of the graft is irregular
or concave — for example, after the grafting of a wide excision
of a malignant melanoma — a ‘tie-over’ dressing to fill the
concavity is needed. This can be made from cotton wool
soaked in sterile liquid paraffin and is held in place by tying
the long ends of the sutures together over it (Fig. 1.23). If the
dressing slips or rotates, a shearing force may tear the graft
from its position, so fixation of the final crepe bandage is
essential, either by elastoplast or a light plaster. The dressings
should be left undisturbed for 5-8 days unless pain, pyrexia
or smell indicate the presence of infection.
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Excision and grafting of burns

The extensive restoration of skin cover after major burns is
rightly the domain of the specialist plastic surgeon. Every
surgeon should be familiar with the immediate management
of the burned patient before transfer to a specialist unit.
Isolated general surgeons may have to continue the manage-
ment themselves, and it must be remembered that tissue
damage may extend deep to the skin'* and that the operative
reconstruction is only a small but important part of the man-
agement of the severely burned patient."”

Split skin grafts are used to cover the raw areas produced
by full-thickness burns. The ideal management of a full-
thickness burn is early excision of the dead skin, followed by
immediate or delayed skin grafting. However, a general sur-
geon managing a severely burned patient, with limited
resources and no available blood for transfusion, may still be
better to opt for the traditional delay until the dead skin has
separated spontaneously with the help of dressings. In deep
dermal burns tangential excision (using a skin-grafting
knife) down to the zone of punctate bleeding with immedi-
ate cover using thin split grafts gives the best results.'

Full-thickness skin grafts (Wolfe grafts)

These grafts, which are composed of the full thickness of the
skin, are unsuitable for use on granulating areas, but are ideal
for resurfacing clean surgical wounds produced by excision
of scars or tumours. They are particularly useful where
texture, colour or durability are important. For this reason,
they are widely used to correct facial deformities such as
ectropion, scars and growths of the eyelids, nose and cheek,
and also in the hand to correct deformities, burn con-
tractures of the fingers, finger tip injuries and in the treat-
ment of syndactyly.

The recipient site must have absolute haemostasis. An
exact pattern of the defect is made in paper or foil, and a suit-
able donor site chosen which has skin of similar colour and
texture. It should also be in an area where the resultant defect
can be easily closed and a scar inconspicuous. The postauric-
ular sulcus (Fig. 1.24), the supraclavicular and infraclavicular
regions are good donor sites. So, too, is the inframammary
crease in the woman and the lateral groin in either sex, pro-
vided that care is taken not to transplant hairy skin. The pat-
tern is used on the donor site to ensure the correct size and
shape is cut. The skin is dissected off the subcutaneous fat
and any remaining fat trimmed from the under surface of the
graft before it is placed in the defect and secured in a similar
fashion to a split skin graft. The donor defect can usually be
closed as a linear wound.

New technologies

A variety of new technologies are currently being explored to
improve the quantity and quality of skin grafting. Intgra is a

Figure 1.24 A post-auricular full-thickness skin graft. (a) The
exact size and shape required is cut from the post-auricular sulcus.
(b) Linear closure of the defect is usually possible.

dermal substitute with a silicone cover. Grafting this onto a
clean wound 3-4 weeks prior to split-skin grafting may
enhance the quality of the replaced skin. However, this is an
expensive product with significant risks, and its use should
be confined to specialist centres. Likewise, the use of cultured
epithelial autografts as an adjunct to the resurfacing of exten-
sive burns should only be considered in specialist centres in
the context of research.

TISSUE FLAPS

A flap differs from a graft in that it carries its own blood sup-
ply and is therefore not reliant on obtaining a blood supply
from its bed. In certain circumstances, a flap may be manda-
tory as the bed of a defect is not suitable for skin grafting — as
may be the case when there is exposed bone, tendon or joint.
At other times, a flap may be chosen as a more aesthetic — or
indeed a ‘safer’ — reconstruction. Great care must be taken in
planning a flap, as in inexperienced hands the decision to use
a flap may result in an escalation of the original problem.
The classification of flaps can be simplified by understand-
ing that there are a number of methods of classification. Cars
can be classified according to engine size, colour, body, shape
or fuel requirements. Flaps can be classified according to
congruity, configuration, components, circulation or condi-
tioning (the ‘five Cs’). A description of the vast array of flaps
available is beyond the scope of this chapter. Flap surgery is
mainly in the domain of the reconstructive specialist, but
general surgeons should understand the principles on which
they are based."” Surgeons should also be aware of the poten-
tial role of flaps in their subspecialty, and may wish to master
some simple flap techniques that are relevant to their surgi-
cal practice. For example, a colorectal surgeon may wish to
use a gluteal musculocutaneous rotation flap to close a per-
ineal wound at the end of an abdominoperineal resection,
and a fasciocutaneous rhomboid Limberg flap is commonly
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employed in the treatment of pilonidal disease (see Chapter
23).

Congruity

Flaps may be described as local when they lie immediately
adjacent to the soft tissue defect. Alternatively, flaps may be
regarded as regional when they are moved from an adjacent
anatomical area, or distant when they are moved from a
remote anatomical site. A flap may be referred to as pedicled
when it is moved with an intact tissue bridge to support it, or
islanded when there is no intact skin bridge, but an island of
skin is moved under a bridge to fill a non-contiguous defect.
Local skin flaps have the advantage that they provide skin of
similar colour and texture to that which is lost.

Configuration

Local skin flaps can be moved to an adjacent area by one of
three methods. They may be either advanced (Fig. 1.25),
rotated (Fig. 1.26), or transposed (Fig. 1.27). The amount of
movement possible is dependent on the skin laxity. In gen-
eral, advancement flaps give only limited mobility but are of
great value in certain situations such as the finger tip. Their
mobility may be enhanced by carefully ‘islanding’ them on a
vascular pedicle. The geometry of rotation flaps requires a
large flap to fill a relatively small defect. A rotation flap of
buttock skin and muscle is widely used in the reconstruction
of sacral pressure sores, and a rotation flap of cheek skin in
facial reconstruction. The mobility of the rotation can be
enhanced by a back cut at the point furthest from the defect
(see Fig. 1.27). Transposition of a flap results in the greatest
degree of flexibility. However, flexibility is dependent on
adequate mobilization, which is in turn limited by blood
supply. The rich blood supply of the face allows a flap with a
relatively long length-to-breadth ratio to be raised. The
donor site from flap transposition may be closed directly if
there is sufficient laxity, but a skin graft is sometimes
required.

Z-plasties are a manoeuvre in which two interdigitated tri-
angular flaps are transposed to cover a defect. It is a particu-
larly useful method of closure after the excision of linear
contracted scars restricting movement in the neck, axilla and
hand. From the extremities of the primary incision, incisions
are made at an angle of 60 degrees so that the full incision
resembles the letter ‘Z’ (Fig. 1.28).

Components

Flaps may contain one or more tissue types. Local flaps of
skin alone are commonly used to fill small cutaneous
defects. Sometimes, a flap may consist purely of another
anatomical component such as fascia, muscle, bone or
even bowel. Flaps containing more than one variety of tis-
sue are described in terms such as ‘musculocutaneous’ or
‘fasciocutaneous’. The addition of muscle to a flap can
provide the extra bulk required to fill a deep defect such as
a sacral pressure sore. Even when extra bulk is not
required, muscle or fascia within the pedicle and base of a
flap may enhance its circulation.
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Figure 1.25 V-Y advancement flap on a subcutaneous pedicle.

Figure 1.26 A cheek rotation flap. (a) A large flap is necessary even
when the defect is small. (b) A 'back cut’ can be used to reduce
tension.
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Figure 1.27 Transposition flap from naso-labial fold to defect in
upper lip.

Figure 1.28 Z-plasty to release a contracture on the neck.
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Circulation
The raising of a flap deprives it of any circulation except that
which arrives through its pedicle. Even in experienced hands,
partial or complete flap necrosis may occur. Flaps may be
regarded as having a random pattern circulation when they
are raised without respect to the prevailing underlying circu-
lation. In reality, because of incremental knowledge and
experience, very few truly random pattern flaps are elevated.
If they were, then theoretically the length-to-breadth ratio
may be more limited in areas of poor vascularity (e.g., the
lower leg) than in the richly supplied face. It has long been
appreciated that flaps may be made longer and narrower
when a vessel courses along their long axis. Examples of these
axial pattern flaps include the groin flap (supplied by the
superficial circumflex iliac artery) and the deltopectoral flap
(supplied by perforating branches of the internal mammary
artery). The long groin skin flap in particular was exploited
for many years by plastic surgeons on the basis of experience,
rather than anatomical knowledge. There is now a much
greater understanding of cutaneous blood supply, to the
extent that every body area has been mapped in detail. Skin
may be supplied either by vessels running directly under the
skin, or by vessels which perforate through or between mus-
cles. Thus, a large island of skin can be raised and moved to a
distant site for reconstruction by utilizing muscle as its pedi-
cle. The latissimus dorsi flap, which is used in breast recon-
struction, is an example and is described in Chapter 2. The
rectus abdominis flap, used to reconstruct sternal, or per-
ineal defects, is described in Chapter 12. The pectoralis flap,
used in head and neck reconstruction, is described in
Chapter 10, page 187, and the gastrocnemius flap, which is a
standard flap technique for the reconstruction of defects in
the upper third of the leg, is described in Chapter 3, page 37.
The addition of anatomical components to a flap may
enhance its circulation. For example, by incorporating deep
fascia within a flap on the lower leg, a longer flap can be
raised safely (see Fig. 1.30). This is partly so because vessels
perforate in the intermuscular septi, and then arborize upon
the fascia. However, perhaps the greatest revolution in plas-
tic surgery in recent years has been the greater understanding
of the location of these ‘perforating’ vessels and their
exploitation to raise ‘perforator’ flaps in a variety of anatom-
ical locations.

Conditioning

The safety of a flap may be improved by enhancing its ‘axial-
ity’, classically by cutting down either side of a flap as a prel-
ude to raising it off the body, some days or weeks later. This
is done to encourage the blood supply of the flap to run par-
allel along its long axis. Such a manoeuvre opens up ‘choke’
vessels which connect adjacent areas of skin, and thus allows
the capture of territories which would not, under most cir-
cumstances, be supplied by the vessel within the pedicle of
the flap. This phenomenon is known as ‘delay’. It should not
be confused with the period of delay between inserting a flap
into its recipient site and dividing its pedicle. In the simple

flaps, shown in Figures 1.29 to 1.32, the pedicle is only
divided when the flap has established a blood supply from its
new site — a process which normally takes around 3 weeks.
Some of these older techniques are now used less frequently
in specialist practice as the variety of reconstructive flaps has
increased. Further reading is recommended for those general
surgeons with a particular interest."

Figure 1.29 Full-thickness skin cover is essential for the palm of
the hand. A simple direct flap technique which may still be of value
when more sophisticated reconstruction is not available.

Figure 1.30 Direct pedicle grafts from one leg to another. The
disadvantages of several weeks of immobilization were not
insignificant, and these flaps have been virtually replaced by more
advanced reconstructive procedures.
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Figure 1.31  Cross-finger flap. The flap has been raised from the
dorsum of the middle phalanx of the middle finger to cover a defect
on the tip of the index finger. (A split-skin graft will have adequate
durability on the donor site.) After 3 weeks the pedicle of the flap is
divided.

Figure 1.32 An historical illustration. The long abdominal or groin
skin flap was raised and its pedicle ‘tubed’ to protect the raw
surfaces. The end of the flap was implanted into the wrist. Once
safely established on the wrist, the pedicle was divided and it was
carried on its new blood supply to cover a defect on the face or neck.
More sophisticated reconstructive procedures have replaced this
ingenious technique.

FREE TISSUE TRANSFER

Many of the composite flaps described above can be raised
on their vascular pedicle, which is then divided to allow the
tissue to be transposed as a free flap to almost any recipient
site where there are suitable vessels to allow revascularization
of the free flap by microvascular anastomosis. This is a tech-
nique for the surgeon specializing in reconstructive surgery.
One of many examples of free tissue transfer is the use of the
radial forearm (Chinese) flap which can be moved with the
underlying radial artery and associated veins to a wide vari-
ety of locations for countless purposes.

TISSUE EXPANSION

This is a technique of gaining extra skin by the subcutaneous
insertion of a silicone bag which can be gradually expanded
by the injection of normal saline over a period of several
weeks. The expanded skin may be used to provide a local
flap, and has particular application in expanding the area of
hairy skin available to cover large scalp defects. The tech-
nique is also used to provide a pocket for a breast implant.
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SURGICAL ANATOMY

The breast

The breast is a skin appendage which develops from modi-
fied sweat glands deep to the nipple. Accessory breast tissue
may occur along a line from groin to axilla. The development
of the rudimentary breast is stimulated by hormones, and
commences as a nodule or breast bud deep to the areola in
early puberty. The adult breast lies predominantly on the
deep fascia of pectoralis major and extends from the second
to the sixth costal cartilages. Medially, it extends almost to
the midline and laterally it continues as the axillary tail of the
breast over the lateral edge of pectoralis major into the axilla.
Superficially, it is separated from the skin by subcutaneous
fat, except over the areola and the nipple. The breast sub-
stance consists of glandular tissue and surrounding fat.
Alterations in hormonal levels cause structural and func-
tional changes in the breast during pregnancy, lactation and,
to a lesser extent, throughout the menstrual cycle.

The blood supply of the breast is mainly from branches of
the internal thoracic (mammary) artery and the intercostal
arteries which pierce the intercostal muscles, and laterally
from branches of the lateral thoracic artery. The lymphatic
drainage of the breast follows all these routes, but the pre-
dominant drainage is to the axillary lymph nodes. There is
significant drainage to the internal thoracic nodes from the
medial breast (Fig. 2.1).

The axilla

The axillary contents are the fat and lymph nodes bounded by
the axillary walls. The medial wall is bounded by the chest
wall covered with serratus anterior. The anterior wall of the
axilla is formed by the pectoral muscles and the clavipectoral
fascia. The posterior wall comprises latissimus dorsi, teres
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Figure 2.1  Diagram of the left breast. The breast lies on the fascia
of pectoralis major except for the axillary tail which extends beyond
the lateral edge of the muscle into the axilla. The lymphatic drainage
is to the axillary and internal thoracic (mammary) nodes.

major and subscapularis. The axillary vessels and the brachial
plexus lie along the narrow superolateral wall of the axilla.
The axillary vein is the superolateral boundary of an axillary
dissection. The axillary artery, with the brachial plexus
around it, is superolateral to the vein and is thus safe and out
of sight during an axillary dissection. Some branches of the
plexus, however, will be encountered (Fig. 2.2). The thora-
codorsal nerve (the nerve to latissimus dorsi) and the thora-
codorsal artery (a terminal branch of the subscapular artery)
lie on the surface of the posterior wall, and the nerve to ser-
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Figure 2.2 The axillary vein is the superolateral limit of an axillary
dissection. The thoracodorsal vessels and nerve are preserved on the
posterior wall. The intercostobrachial nerve (shown divided) and the
nerve to serratus anterior are encountered on the medial wall. The
medial and lateral pectoral nerves which cross the apex of the axilla
and the medial cutaneous nerve of the arm, running below and
parallel to the vein, are not shown.

ratus anterior on the medial wall; they should be identified
and preserved. The nerves to the pectoral muscles cross the
apex of the axilla, and the medial cutaneous nerve of the arm
runs parallel and inferomedial to the axillary vein. The inter-
costobrachial nerves cross the axilla from medial to lateral.

The axillary lymph nodes lie in the fat of the axilla and
receive lymphatic drainage from the upper limb and the
superficial tissue of the chest wall in addition to the breast.
Lymphatic channels from the breast drain predominantly
first to the nodes lowest in the axilla, and then subsequently
to the higher nodes, and finally through the apex of the axilla
to the supraclavicular nodes. The axillary nodes are arbitrar-
ily divided into levels I, IT and III dependent upon their rela-
tionship to the pectoralis minor muscle (Fig. 2.3). Level I
nodes are lateral and below the muscle, level II nodes are
behind it, and level III nodes are above and medial.

As in malignant melanoma (see Chapter 1), there is
increasing appreciation that the lymph node drainage of the
breast is first to one or more specific nodes called sentinel
nodes. These are usually in the axilla but they can be in the
internal thoracic chain or, more rarely, within the breast
itself. Axillary sentinel node biopsy is discussed later in this
chapter.

_Pectoralis minor

Figure 2.3  Pectoralis minor is the landmark used to divide the
lymph nodes into level | (below and lateral), level Il (behind) and
level Ill (above and medial) to the muscle.

TREATMENT MODALITIES IN BREAST CANCER

Surgery of the breast is dominated by the surgery of breast
cancer, which affects up to 1 in 12 women at some time dur-
ing their lifetime. Cancer of the male breast is an uncommon
tumour, but the principles of treatment are similar. A com-
prehensive discussion of the management of breast cancer is
beyond the scope of a general operative textbook, but opera-
tive decisions cannot be taken in isolation and a brief sum-
mary of the issues therefore follows, although further reading
on general management is essential."”

Radical surgery for breast cancer traditionally involved the
excision of the whole breast and the axillary lymph nodes.
The original radical operation of Halstead radical mastec-
tomy’ included removal of the whole breast, the axillary con-
tents and the pectoral muscles. Extended radical mastectomy
was a logical extension to a Halstead radical mastectomy
which achieved more radical lymphatic clearance by excision
of the internal thoracic and supraclavicular nodes. However,
morbidity was increased without significant advantages in
survival or local control, and these extensive procedures were
for the most part abandoned.

Pectoralis major was excised in a radical mastectomy as
it was believed that the lymphatic drainage was mainly
through the muscle; in addition, removal improved access
to the axilla. Adequate access to the axilla is obtained by
pectoral muscle retraction, however, and it is now known
that there is no oncological benefit in removing the pectoral
muscles unless they are invaded by tumour. Even if
the pectoral muscles are invaded, other treatment modalities
may be more appropriate than surgery. The radical
surgical option is therefore now the Patey modified radical
mastectomy, or more simply described as a total mastectomy
and axillary clearance, in which pectoralis major is
retained.

Conservative excision of a malignant breast lump with no
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other treatment often resulted in a recurrence within the
breast. Similarly, performing a simple total mastectomy with-
out treatment to the axilla was often followed by axillary
recurrence. Large trials confirmed these clinical observa-
tions.*” However, some women were cured without disfigur-
ing surgery and others died of distant metastases before the
development of symptomatic local recurrence. Patients who
fall into either of these two groups are now easier to identify,
and unnecessarily radical therapy to breast or axilla may be
avoided.

Radiotherapy is effective in the treatment of breast cancer
and can be used as an alternative treatment to surgery both
for the breast and the axilla. Combining more conservative
surgery with radiotherapy gives results comparable to radical
surgery. This was first reported by McWhirter® and con-
firmed by many subsequent studies.*® The principle remains,
however, that radical treatment includes treatment of the
whole breast and axilla by one or other modality unless it can
be shown that the individual patient does not require it. Safe
avoidance of radical treatment of the axillary nodes in
selected patients relies on the axillary staging operations
described later in the chapter.

Breast cancer responds both to hormonal manipulation
and to cytotoxic chemotherapy. These approaches are useful
not only in the control of metastatic disease but, if used as
adjuvant treatment, they also increase survival. Decisions
on the use of adjuvant chemotherapy are based on
predictions of tumour behaviour such as the Nottingham
Prognostic Index.” Tumour size, histological grade and
node status have been found to be important. Patient age
and menopausal status, and the tumour receptor status
to hormones, are all taken into consideration when
considering options of hormonal manipulation and
chemotherapy.

The practice of optimal breast cancer surgery therefore
requires cooperation between surgeon, radiotherapist and
oncologist. Surgeons specializing in breast cancer have been
shown to have better results than generalists.® This is prima-
rily the result of the appropriate treatment modality being
chosen for the individual patient, and is dependent on a high
standard of histological, cytological and radiological diag-
nostic services. Surgeons practising in areas of the world
where these diagnostic services are suboptimal, or where
access to radiotherapy or chemotherapy is limited, can still
obtain excellent results although they may have to rely more
on the use of radical surgery.

A prophylactic bilateral mastectomy may be requested by
patients at high genetic risk of breast cancer. A subcutaneous
mastectomy is performed in which the whole breast except
for areola and nipple are removed via an inframammary
incision. No ellipse of skin is excised, and an immediate
reconstruction with a silicone implant can be undertaken
with good cosmetic result. Unfortunately, the operation does
not totally eliminate the risk of death from breast cancer as
not all breast tissue is removed.’

SURGERY FOR CARCINOMA OF THE BREAST

Diagnostic surgery

The first role of the surgeon is the confirmation or exclusion
of the tentative diagnosis. Triple assessment is the combined
evidence of the clinical, mammographic and cytological
examinations, and results in a confident preoperative diag-
nosis in almost all patients. If these assessments all suggest
malignancy, excision with a margin of normal tissue (wide
local excision) is usually the most appropriate next surgical
step. This will not only give final confirmatory histology but
also is often sufficient surgical treatment of the primary
lesion within the breast. When the results of the initial assess-
ment are contradictory, more information may be gained by
a core biopsy being taken for histology. The patient may have
presented with a palpable mass, or a suspicious area may
have been detected by screening mammography. If the lesion
is palpable, the surgeon can take the core biopsy with a spe-
cially designed needle passed through a small stab incision in
the overlying skin which has been infiltrated with local
anaesthetic. Core biopsy of an impalpable lesion detected on
imaging requires sophisticated stereotactic localization
devices, or guidance by ultrasound. A preoperative definitive
diagnosis can usually be made, but excision biopsy may have
to be the final diagnostic procedure.

Surgical treatment of the breast primary
tumour

EARLY BREAST CANCER

Radical treatment is undertaken with an intention to cure.
After local excision alone, recurrence may occur within the
remaining breast tissue.! It is, therefore, generally accepted
that the majority of patients should be advised to have more
radical treatment; either radiotherapy to the affected breast
after conservative surgery, or a mastectomy. Most patients
prefer to avoid mastectomy, and in most instances the two
treatment options are comparable in terms of both local con-
trol and long-term survival. However, a mastectomy is
known to offer superior local control when there is extensive
carcinoma in situ, or multifocal invasion. A mastectomy may
also be a better option in some medial or centrally placed
tumours when local excision is expected to give a disap-
pointing cosmetic result. Mastectomy may also be indicated
if radiotherapy is contraindicated or unavailable.

LOCALLY ADVANCED BREAST CANCER

Primary surgery is contraindicated if there is evidence of
extensive skin involvement by tumour or features of
advanced disease such as inflammation or cutaneous oedema
(peau d’orange). Similarly, when tumour or involved axillary
nodes are fixed to muscle, primary surgery is best avoided. In
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these circumstances primary systemic therapy with
chemotherapy or endocrine manipulation — or both — can
bring advanced locoregional disease under control. This
approach is also clearly indicated when distant disease is
found at presentation. Locoregional radiotherapy can also
achieve useful locoregional control. Since survival under
these circumstances is likely to be poor, surgery can often be
avoided, and is reserved for those cases where chemotherapy,
endocrine manipulation and radiotherapy have failed to
achieve useful local palliation. These operations follow the
standard pattern of wide excision of highly symptomatic
malignant infiltration followed by reconstruction onto
healthy surrounding tissue.'® The indications for such opera-
tions are, fortunately, rare.

PHYLLODES TUMOUR

This tumour is usually initially excised as a suspected
fibroadenoma. Phyllodes tumours require adequate wide
local excision. Although malignant potential varies, local
recurrence and rarely blood-borne dissemination may occur.
Lymph node metastases are not a feature." Wide local exci-
sion, or on rare occasions mastectomy without axillary sam-
pling or clearance, is thus the standard management.

Wide local excision

This is indicated for a proven malignancy or for a lesion that
is suspected to be malignant after full assessment. The lesion
is removed with a margin of macroscopically normal breast
tissue. If a subsequent mastectomy is likely, the scar should
be within the ellipse of skin which would be excised at mas-
tectomy. Invasion, or carcinoma in situ, beyond the primary
tumour may extend to the margins of the excision and neces-
sitate a later, more radical local excision or mastectomy.
Segmentectomy, and breast disc repair, can have oncological
and aesthetic advantages over a wide local excision.

If the lesion is impalpable, some method of marking the
area to be excised must first be undertaken. Similar stereo-
tactic and ultrasound methods can be used as for core biopsy
and a fine wire marker introduced into the lesion. This can
be done in the breast imaging suite under local anaesthesia
prior to surgery. After the excision, the excised tissue should
be X-rayed to check that the radiologically suspicious area is
within it.

Simple mastectomy

An appreciation of the development of the breast as a skin
appendage is fundamental to the concept of a mastectomy.
The whole breast is excised with an overlying ellipse of skin
which includes the nipple and areola. General anaesthesia is
routine, but the operation can be undertaken with infiltra-
tion of large volumes of dilute local anaesthetic agent. The
patient is placed supine with the arm abducted and

supported on an arm board. In order to prevent shoulder
capsular strain and nerve damage, abduction should be less
than 90 degrees and the elbow should not be at a lower level
than the shoulder.

The skin ellipse is marked. A horizontal ellipse lies in the
natural skin creases, but some obliquity affords better access
to the axilla and also the medial end of the scar will be lower
and below the area of visible ‘cleavage’ (Fig. 2.4a). The width
of the ellipse is decided by issues of skin closure. Tension
should be avoided, but excess skin may give an ugly folded
scar and haematoma formation is also more likely.

The skin is incised as planned and the incisions deepened
through the subcutaneous fat. The ideal plane of dissection is
between the subcutaneous fat and the breast tissue, but it is
not an easy plane to follow. Skin flaps that are too thick leave
residual breast tissue in situ, whilst if they are cut too thin the
skin is in danger of losing its blood supply or even being ‘but-
ton-holed’. The upper flap and then the lower flap are raised
until, at the edge of the breast, the plane comes down onto
the deep fascia (Fig. 2.4b). The breast is then dissected off the
deep fascia from above downwards and multiple bleeding
vessels secured (Fig. 2.4c). If an area is encountered where
the tumour has breached this plane, a disc of pectoralis fascia
and muscle should be excised with the specimen. The lateral
end of the dissection is the most difficult as the plane
between axillary tail of breast and the axillary fat is indistinct
and the deep plane is also less obvious beyond the lateral bor-
der of pectoralis major. After careful haemostasis, the skin is
closed over vacuum drainage. Avoidance of drains by metic-
ulous haemostasis and obliteration of the dead space with
sutures has proved possible without increase in morbidity in
a specialist centre.'”

Subcutaneous mastectomy

This is usually the preferred option for a prophylactic mas-
tectomy. The operation can be performed through a sub-
mammary incision, but the same mastectomy planes are
followed both between breast tissue and skin, and between
the breast and the deep fascia. The only difference is that all
the breast skin, the nipple and the areola are preserved. An
immediate reconstruction is then undertaken which can give
excellent cosmesis. When a mastectomy is indicated in
malignant disease, preservation of the nipple and areola will
usually be contraindicated.

Skin-sparing mastectomy

This alternative to a simple total mastectomy for breast can-
cer can be used when immediate reconstruction is planned,
and usually results in a better cosmetic appearance. A total
mastectomy is performed through a circumareolar incision.
The nipple and areola are excised with the rest of the breast,
but the breast skin is preserved as an envelope which receives
an immediate reconstruction."
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Figure 2.4 A right simple mastectomy. (a) A slightly oblique ellipse
keeps the medial end of the scar low and less conspicuous while also
giving good access laterally to the axilla. (b) Dissection of the upper
skin flap. The natural plane between subcutaneous fat and breast
tissue is followed. (c) The breast is then dissected off the deep fascia
from above downwards. When the lateral edge of pectoralis major

is reached the dissection of the axillary tail is continued into the
axilla.

BREAST RECONSTRUCTION AFTER CANCER
SURGERY

As a greater proportion of women are now able to be treated
for breast cancer without mastectomy, those who are advised
to have a mastectomy are increasingly interested in the pos-
sibility of breast reconstruction. This may be undertaken at
the initial mastectomy or even several years later. For late
reconstruction, a silicone implant can be used, after prior tis-
sue expansion (see Chapter 1, page 20). Permanent tissue
expander-implants with a surrounding silicone compart-
ment are available. However, the original mastectomy scar
traverses the summit of the new breast mound, and the final
appearance may be poor. The use of tissue expansion is con-
traindicated in areas which have been subjected to radiother-
apy. A superior cosmetic result can be achieved with a flap
which transfers skin and fatty bulk to create a breast replace-
ment. A pedicled flap of latissimus dorsi or rectus abdominis
with overlying skin can be used, and free flaps are an alterna-
tive in skilled hands.

Latissimus dorsi musculocutaneous flap

This is the most widely used method of breast reconstruction
following mastectomy. After completion of the mastectomy
and any axillary clearance, the patient is turned on her side
and a suitably sized ellipse of skin marked overlying the latis-
simus dorsi muscle. The long axis of the skin ellipse or ‘pad-
dle’, can be made in a variety of directions. It may be made
transverse to hide the scar under the bra strap, or it may be
made perpendicular to the muscle fibres as this is the line of
maximum skin laxity. The paddle is placed sufficiently poste-
riorly to afford adequate length to the flap (Fig. 2.5a). The
skin is incised, leaving it attached to the underlying muscle.
The skin and fascia are dissected off the muscle proximal and
distal to the skin ellipse, and the muscle freed on its deep sur-
face, prior to dividing its posterior attachment. It may then
be elevated as a flap based on the branches of the subscapular
vessels. Dissection is carried along the flap pedicle until it can
be rotated and passed subcutaneously round to fill the breast
defect (Fig. 2.5b). The vessels, on which the viability of the
flap depend, lie in the flap pedicle separate from the muscle
and on its deep surface. Care must be taken not to divide the
vessels. The anterior muscle attachment may be divided for
extra length but it is often left intact. The flap is then rotated
through the axilla to the anterior defect. Ideally, the muscle
should be denervated to avoid future painful contractions.
The donor site is closed over suction drains and the patient
returned to the supine position. The latissimus dorsi muscle
forms the tissue replacement for the excised breast, and its
overlying ellipse of skin is sutured to the upper and lower
mastectomy flaps. A latissimus dorsi flap is often used in
reconstruction in conjunction with a submuscular silicone
implant to provide adequate volume.
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Figure 2.5 A right latissimus dorsi reconstruction. (a) An ellipse of
skin is circumcised just below the scapula and raised with its
underlying portion of latissimus dorsi. The posterior origin of these
muscle fibres is divided to create a compound flap on a pivot point
close to the origin of the subscapular artery. (b) The myocutaneous
flap is rotated and tunnelled subcutaneously into the mastectomy
wound defect. The donor site is closed as a linear scar.

Alternative flaps

Reconstructive plastic surgery of the breast after excisions for
cancer has become increasingly sophisticated, and excellent
cosmetic results can be obtained. Although pedicled trans-
verse rectus abdominis myocutaneous (TRAM) flaps based
on the internal thoracic artery have a somewhat perilous
blood supply, free TRAM flaps, or free deep inferior epigas-
tric artery perforator (DIEP) flaps, based on the inferior epi-
gastric artery are increasingly employed where microsurgical
skills are available (see Chapters 1 and 12). These are pre-
ferred by some surgeons to latissimus dorsi flaps. A free supe-
rior gluteal artery perforator flap is another alternative. These
flap techniques are suitable both for immediate and for late
reconstruction.

Wide local excision of a medial or centrally placed tumour
can give a poor cosmetic result, especially if the tumour is

large and the breast is small. Latissimus dorsi mini-flaps have
proved useful as ‘fillers’ after large local excisions. A single
long incision down the lateral edge of the breast allows the
breast with the pectoral fascia to be reflected off pectoralis
major. A wide local excision of the tumour is performed
through the deep aspect of the breast. The limited latissimus
dorsi flap is then harvested from within the axilla through
the same incision, and is rotated into the breast defect to
replace the bulk of tissue excised."

Oncoplastic surgery

There is a growing appreciation that both oncological and
aesthetic principles should be applied when planning and
executing breast cancer surgery. Safe margins around a breast
cancer are essential to minimize the risk of local recurrence,
but this can result in an unacceptable appearance to the breast
following surgery. With an understanding of plastic surgical
techniques this risk can be reduced. For example, after seg-
mental excision the breast disc can be mobilized from the
overlying skin and the defect repaired. The skin is then re-
draped over a smaller breast mound. When appropriate,
excess skin can also be removed as in a standard breast reduc-
tion operation (see Fig. 2.11), although the underlying exci-
sion of breast tissue will differ as it has been planned around
the excision of the malignancy. To achieve symmetry, con-
tralateral breast reduction surgery might be necessary, and
this is usually undertaken at a separate and later operation.
Alternatively, new tissue can be used to fill the defect as in the
limited latissimus dorsi flap technique described above.

Similar considerations apply when a mastectomy is indi-
cated and breast reconstruction is requested. Is immediate or
delayed reconstruction more appropriate? If immediate
reconstruction is selected, should a skin-sparing approach be
undertaken? Breast surgeons need to appreciate all of these
possibilities to achieve the best result for their patients.

This approach might be termed ‘oncoplastic’ surgery, and
this sort of surgery can be undertaken with collaboration
between breast and plastic surgeon where the plastic surgeon
is involved in planning the approach and repairing the
defect. Alternatively, and with appropriate training, breast
surgeons can acquire plastic surgical skills.

AXILLARY SURGERY FOR CANCER

Surgical staging in the axilla

Breast cancer can spread early in the course of the disease to
the axilla, and radical treatment of the axilla by surgery or
radiotherapy at initial presentation reduces symptomatic
axillary recurrence.” Surgical clearance and radiotherapy
have similar success and morbidity. However, if the axillae of
all patients are treated, about 60 per cent of patients have
unnecessary axillary treatment as they have no nodal second-



Axillary surgery of cancer 27

aries. This group is difficult to identify, however. Clinical
staging of the axilla has little to offer, as shown beautifully in
the simple classic study by McNair and Dudley in 1954."
Imaging of lymph nodes for staging has been used mainly to
detect enlargement, and altered signal on imaging, of inac-
cessible intra-abdominal and intra-thoracic nodes. Imaging
techniques, however, have little to add in the assessment of
these relatively superficial axillary nodes in the staging of
breast cancer. Benign axillary nodal enlargement is common,
and normal-sized nodes containing small metastases within
them will elicit a normal signal. Surgical removal of nodes for
histology is the only accurate staging modality for the axilla.
The three operations which are commonly used to stage the
axilla are a level 1 dissection, lymph node sampling,'® and
sentinel node biopsy."”

A concern over all lymph node staging procedures is that
the more thorough the examination, the greater the chance
of detecting a small nodal metastasis. If a pathologist has only
one node to examine and takes multiple sections, the chance
of detecting a microscopic focus within it is obviously higher
than if the node is one of fifteen apparently normal nodes. A
further dimension has been added to this debate with the
advent of histocytochemistry techniques which can identify
single or small clumps of malignant cells in a lymph node. It
is impossible to know whether such cells are merely awaiting
their death by the action of the immune defences, or are in
the process of establishing their own microcirculation to
become a viable metastasis.'® In all staging surgery the advan-
tages of immediate frozen section histology have to be bal-
anced against a more thorough and accurate delayed
histological examination, but with the possibility of a second
operation being indicated.

AXILLARY SAMPLING

This is an operation in which the axilla is explored, and the
four most obvious nodes are removed for histology. It only
requires entry into the axillary fat to remove the most easily
palpable nodes. These are commonly in the lower axilla, and
a formal dissection of the axillary vein is seldom necessary.
When this procedure is combined with a mastectomy or the
excision of a lateral tumour, access from the breast wound is
often adequate, otherwise a small transverse incision will suf-
fice.

LEVEL | AXILLARY DISSECTION

A level I axillary dissection removes the lower axillary nodes
(below the lateral border of pectoralis minor). The operation
follows the same principles of dissection as the level III oper-
ation described below, but the dissection is only taken to the
level of the lower border of pectoralis minor.

SENTINEL NODE BIOPSY

This technique is similar to that used for malignant
melanoma as described in Chapter 1, page 10. Basically, the

first node in the axilla to receive lymphatic drainage from the
breast is the relatively constant sentinel node. This node is
identified, after injecting either a radiotracer or blue dye (or
both) into the breast, and is removed for pathological evalu-
ation. If negative for metastases, no further axillary surgery is
undertaken — that is, axillary clearance surgery is reserved for
those with proven metastatic disease. There has been debate
regarding the validity of this technique, and this resolves
into two basic issues. First, identification of the node can be
difficult; and second, there is a false-negative rate in terms of
predicting axillary involvement. Both of these problems can
be minimized to acceptable levels by appropriate selection of
cases suitable for the technique, and by perfecting the local-
izing procedures and the pathological evaluation of the sen-
tinel node. There is a learning curve — as with all new
techniques — and audit of outcomes is an essential part of
introducing the procedure. Some feel that results from ran-
domized prospective trials will be necessary before sentinel
node biopsy is introduced into routine clinical practice.
Others have undertaken their own evaluation and have
already introduced the procedure.

Surgical treatment or clearance of the axilla

The staging procedures discussed above are not surgical
treatment. A level III clearance (the removal of all three
groups of axillary glands) is a radical surgical treatment of an
axilla. Radiotherapy is an alternative and can be used after
axillary staging surgery. A surgeon may opt for surgical clear-
ance in those patients with a high predicted risk of nodal
involvement, but perform nodal sampling in those with a
low risk. If metastases are detected in the sampled nodes,
radiotherapy can then be given to the axilla, or an axillary
clearance undertaken. Radiotherapy combined with a level
III dissection increases morbidity, and should, if possible, be
avoided.

LEVEL Il AND LEVEL Il AXILLARY CLEARANCE

A level IT and level 111 axillary clearance may be performed in
conjunction with a simple mastectomy or a wide local exci-
sion of a lump in any part of the breast. It may also be under-
taken as an isolated procedure when earlier axillary node
sampling has shown tumour, and surgery is felt to be prefer-
able to radiotherapy. It may very occasionally be indicated
for obvious recurrent axillary disease in a patient who has
already had radiotherapy, but should be avoided if at all
possible due to the almost inevitable subsequent lym-
phoedema. Surgery after previous axillary surgery or radio-
therapy is often more difficult, but the operation is
essentially the same.

The patient is placed supine with the arm abducted in a
similar position as for a simple mastectomy. It is important
during the preparation of the skin with antiseptic that the
arm is lifted forwards so that the skin over the posterior axil-
lary wall is included, and a sterile drape is placed beneath it.
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Some surgeons then suspend the forearm, with the elbow
flexed, above the patient in preference to placing it on an
armboard. This produces less tension in pectoralis major
which can be retracted more easily.

The axilla is most often explored through a transverse
lower axillary incision. It may be the lateral end of a mastec-
tomy incision, or an extension of the incision for the wide
local excision of a laterally placed breast tumour. The axilla
can also be explored through the vertical oblique incision at
the lateral edge of the breast if this incision has already been
used for the breast surgery. When an axillary dissection is
undertaken as part of a mastectomy, the breast and axillary
contents are excised as a single specimen. The mastectomy
dissection can be completed, except for the axillary tail,
before entering the axilla. Other surgeons prefer to dissect up
the upper flap only and then dissect the axilla, leaving the
final freeing of the breast from the chest wall until later.

Thelateral border of pectoralis major is defined and the fas-
cia incised along its length (Fig. 2.6a) to allow entry into the
axilla. The axillary contents are retracted downwards and the
fat is carefully incised over and parallel to the axillary vein
until the vein is visible (Fig. 2.6b). This is the superolateral
border of the dissection. Tributaries entering the vein from
theaxillary fatare secured, divided and ligated with absorbable
sutures. The clearing of the vein continues until the vessels
lying on the muscles of the posterior wall of the axilla come
into view. The most obvious are the thoracodorsal vessels.
(This artery is the branch of the subscapular artery on which
a latissimus dorsi flap depends.) The thoracodorsal nerve to
latissimus dorsi emerges from behind the axillary vein just
medial to the thoracodorsal vessels and then runs obliquely
towards the vessels forming an easily identifiable triangle on
the posterior wall muscles (see Fig. 2.2). Both the vessels and
the nerve are preserved, but all of the fat and nodes should be
dissected off them. The lateral border of latissimus dorsi is
identified and marks the inferolateral limit of the dissection.
The vein is then cleared up towards the apex of the axilla,
behind pectoralis minor which will have to be firmly retracted.
To obtain sufficient access to perform a level I1I clearance, the
division of the tendon of insertion of pectoralis minor into
the coracoid process may be essential. The pectoral nerves and
accompanying vessels will be encountered, crossing the upper
axilla to the anterior axillary wall. The lateral pectoral nerve
may have to be sacrificed. The medial should be preserved if
atall possible. Before completing the apical dissection it is eas-
ier to turn attention first to the medial wall and dissect the
axillary contents off serratus anterior.

On the medial axillary wall, the large lateral branch of the
2nd intercostal nerve (the intercostobrachial nerve) is almost
immediately encountered entering the axillary fat. Most sur-
geons sacrifice it, although some try to dissect it out and pre-
serve it. Further posteriorly, the nerve to serratus anterior
tends to be lifted off the muscle with the axillary contents and
needs to be carefully freed and allowed to drop back. Once
this dissection joins the posterior wall dissection the remain-
ing apical fat and lymphatics are divided (Fig. 2.6¢).

Figure 2.6 A right axillary clearance. (a) The lateral border of
pectoralis major is defined and the fascia incised along its length to
gain access into the axilla. (b) The axillary contents are retracted
downwards and the fat over the axillary vein is carefully incised until
it can be identified. (c) The apical division of fat and lymphatics is
easier after the medial and posterior wall dissection has been
completed. (In this illustration the axillary dissection has been
combined with a mastectomy which has been completed first.)
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Finally, the fat which still attaches the specimen to the lat-
eral end of the lower flap is divided. Haemostasis should be
meticulous, but lymphatic drainage will continue and vac-
uum drainage of the axilla is favoured by most surgeons
despite recent evidence that drains can be avoided.'” This
drain may have to remain in situ for 2 weeks or more to pre-
vent collection of lymph. Reducing arm movement decreases
lymph production but increases the longer-term problem of
a reduction in the range of shoulder movement. Early shoul-
der movement is therefore encouraged.

SURGERY OF BENIGN BREAST DISEASE

Breast lumps

Improvements in diagnostic facilities, combined with a
greater understanding of the normal cyclical changes within
the breast, have reduced the number of benign breast lump
excisions. Palpable cysts can be aspirated and many nodular
areas can be safely left in situ. A solid, discrete breast lump
which is believed to be benign on all assessment criteria may
also be left, but some patients and surgeons prefer the exci-
sion of such lumps because of the small risk of a missed
malignancy. Surgeons who do not have access to reliable
mammographic or cytological diagnostic facilities will
inevitably have to excise more benign lumps to avoid a
missed malignancy.

Children in early puberty are sometimes referred to a sur-
geon with a tender lump deep to one nipple. This is a normal
developing breast bud, and one breast frequently starts
developing a few months ahead of the other. Excision biopsy
of this lump’ is a disaster in a girl as she loses all potential
breast tissue on that side.

LOCAL EXCISION OF A BREAST LUMP

Only the lump itself is excised, without a surrounding mar-
gin of normal breast tissue. This is, therefore, a suitable tech-
nique for the removal of lumps which are expected to be
benign on histological examination. A good cosmetic result
should be sought, and circumferential scars are better than
radial. A scar may sometimes be hidden in the inframam-
mary crease. This scar may, however, pose difficulties if the
lesion proves to be malignant as it does not lie naturally
within the ellipse of skin to be excised if a mastectomy is
indicated. Scars in the superomedial quadrant of the breast
often become hypertrophic and can sometimes be avoided
by an incision hidden at the areolar edge.

Haemostasis is important, and vacuum drainage should
be considered after large excisions. Absorbable sutures may
be used to reconstitute the breast tissue, and a subcuticular
suture is suitable for skin closure. A breast in pregnancy
is significantly more vascular but otherwise poses no
difficulties. A lactating breast continues to secrete milk at the
operation site. A vacuum drain may compound the problem

and establish a milk fistula, and the situation may be
better managed by repeat aspiration of the milk cyst as it
recollects.

Breast infections

Infection occurs most commonly — but not exclusively —in a
lactating breast. In the early stage of inflammation the appro-
priate antibiotic may be all that is required. Once pus has
formed drainage is required. Deep pus in the breast is diffi-
cult to assess clinically, but may be confirmed by ultrasound.
Good results have been obtained by ultrasound-guided aspi-
ration combined with aggressive antibiotic therapy,” and
this treatment has been shown to be effective even if ultra-
sound is not available.”’ However, open surgical drainage is
still sometimes required. Whichever treatment is under-
taken, there appears to be no contraindication to continuing
breast feeding, and this should be encouraged — especially in
areas of the world where it is crucial to the survival of the
baby.

A recurrent or chronic abscess at the areolar edge is most
often the result of an underlying mammillary fistula.
Recurrence will continue until the fistula is laid open by
deroofing of the track. Recurrent infections deep to the
nipple — often associated with nipple retraction and nipple
discharge — are usually secondary to periductal mastitis. A
major duct excision eradicates the source of the infection
and, if eversion of the nipple can be achieved, then cosmesis
is also improved.

Neonatal swelling of breast tissue in either sex is a physio-
logical response to maternal hormones. Occasionally there is
associated infection and a neonatal breast abscess. In a
female child care should be taken in draining this to cause
minimal damage to the rudimentary breast bud.

DRAINAGE OF A BREAST ABSCESS

General anaesthesia is preferable as the loculi of a deep
abscess must be broken down with a finger to obtain good
drainage; surface local anaesthesia is inadequate here. A lin-
ear incision should be made in a position where it will allow
dependent drainage, but cosmetic implications should also
be considered. An abscess in the upper breast may be drained
satisfactorily through an incision on the areolar edge. A cor-
rugated or similar drain should be left in situ to allow con-
tinuing drainage of the depths of the cavity and to prevent
premature skin closure (Fig. 2.7). This can also be achieved
by a more radical deroofing of an abscess, but it gives a less
satisfactory final scar.

LAYING OPEN OF A MAMMILLARY FISTULA

A probe is introduced into the chronic abscess cavity at the
areolar edge and the track gently sought with the probe
towards the apex of the nipple. The track is then laid open by
incision onto the probe and the wound left to heal by granu-
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Figure 2.7 A corrugated drain prevents premature skin closure.

lation from beneath (Fig. 2.8). These patients usually have an
underlying periductal mastitis, and recurrence is common.
They may be better served by a formal major duct excision
with the removal of all the diseased tissue.

Nipple discharge

The discharge from multiple ducts which occurs in galactor-
rhoea requires medical rather than surgical management.
Discharge from multiple ducts can also occur in duct ectasia,
and in association with periductal mastitis. When symptoms
cannot be controlled by other measures a formal major duct
excision is indicated. Discharge from a single duct is com-
monly secondary to a duct ectasia. However, if the discharge
is bloodstained there is the possibility that the underlying
pathology is an intraduct papilloma or carcinoma. A
microdochectomy (the excision of a single major duct) may
be performed for discharge from a single duct, either to alle-
viate distressing symptoms or to obtain a specimen for histo-
logical examination and exclusion of an underlying
neoplasm.

Figure 2.8 The fine probe is in a mammillary fistula which extends
from a chronic areolar edge abscess to the opening of a duct onto
the nipple.

MICRODOCHECTOMY

Local anaesthesia is satisfactory, but most patients prefer a
general anaesthesia for nipple and areolar surgery. The nip-
ple is squeezed to identify the appropriate duct into which a
fine blunt probe is introduced. A sawn-off needle has the
extra advantage of an eye which can be used to secure the
probe in place with a fine suture for the duration of the oper-
ation. The probe is then used to guide the surgeon in the
removal of 3-5cm of the appropriate duct. This can be
approached by a radial incision in the areola, or alternatively
by an areolar edge incision which may be cosmetically supe-
rior (Fig. 2.9). After removal of the duct, which is sent for
histology, the wound is closed with fine sutures.

MAJOR DUCT EXCISION

Antibiotic cover is recommended if there is chronic infec-
tion. All the ducts under the nipple and areola are excised
and it is, therefore, obviously contraindicated if future
breastfeeding is anticipated. The approach is via an incision
at the inferior areolar edge. A deep purse-string suture, to
encourage nipple eversion before the skin suture is inserted,
can improve the final cosmetic result.

BREAST REDUCTION AND AUGMENTATION
SURGERY

Although much of this work is cosmetic, there are often
sound medical or psychological indications for intervention.
Gynaecomastia in pubertal boys is so common as to be con-
sidered a variant of normal. Excision of the tender nodule
deep to the nipple is straightforward but seldom justified as
the condition usually settles spontaneously. However, occa-
sionally this breast disc spreads to form a noticeable ‘breast’

Figure 2.9 A blunt probe, or sawn-off needle, is introduced into
the discharging duct. Excision of this duct can be through either a
radial areolar incision or an incision at the areolar edge.
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which can cause great distress, and surgical intervention is
justified. Liposuction is an alternative to excision if the breast
tissue is fatty rather than fibrous.

Reconstruction after mastectomy is offered routinely in
many centres, and the reconstructive options have been
described above. Symmetry may not be possible without the
augmentation of a silicone implant, or a reduction
mammaplasty on the remaining breast. The patient may also
request the creation of a nipple (by local flaps) and areola (by
skin grafting or tattooing) on the reconstructed breast.
Complete or partial failure of breast development — either
bilaterally or unilaterally — causes major distress to a young
woman, and is another indication for reconstructive surgery.
Excessive breast development can cause a woman both dis-
comfort from the weight of tissue to be supported and
embarrassment at her appearance. General surgeons who
have not subspecialized in breast surgery should not under-
take these more complex operations. Even breast surgeons
often refer this work to a plastic surgeon unless they have a
special interest and further training in plastic surgery. Patient
expectations are high, and good cosmetic results will only be
obtained by those specializing in the field.

Figure 2.10 Excision for gynaecomastia can involve the removal
of breast tissue extending out over the whole shaded area. Lateral
and medial extensions to the initial areolar edge incision may be
necessary, but should be avoided if possible.

Excision of gynaecomastia

An inframammary scar is distressing as it is a continuing
source of embarrassment. It is usually possible to excise even
a broad-based breast through an inferior circum-areolar
incision. Dissection is commenced by lifting the areola and
nipple from the underlying breast. A little breast tissue
should be left attached to the undersurface of the nipple and

areola to safeguard the blood supply, and also to prevent a
hollow in this region due to a lack of subcutaneous fat. The
skin is then undermined circumferentially to the edge of the
breast tissue, where the plane of dissection comes onto the
pectoral fascia. The breast is then dissected off the pectoral
fascia and delivered out through the wound. Access is
restricted, and much of the dissection can not be under
direct vision; moreover, haemostasis is difficult until the
whole breast has been excised. If difficulty is encountered,
the breast can be transected and removed a quadrant at a
time. A small extension at either end of the incision improves
access but should be avoided, if possible, as the scar will be
more apparent (Fig. 2.10). Even if haemostasis is good, a

Figure 2.11 A breast reduction operation. (a) The shaded area of
breast tissue is excised. The ‘keyhole' area ‘A’ is to accommodate the
nipple and areola when elevated to the new position. They are
retained on a pedicle of inframammary skin and breast tissue. (b) The
nipple is now elevated to its new position ‘A", (c) The skin on ‘B’ is
shaved off and 'C' and ‘D’ are rotated over for skin closure.
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vacuum drain is recommended as haematoma formation
under the flaps is a common complication.

Breast augmentation

This can be achieved by a silicone implant. The commonest
approach is through an incision in the inframammary fold of
the breast, where it will be least conspicuous. The implant is
placed either deep to the pectoral fascia, or deep to the
pectoralis muscle. Early complications include haematoma
formation and infection. Complications can also occur years
later. Capsular contracture around the implant is not
uncommon with a worsening cosmetic result. Leakage of the
silicone into the tissues may occur and implants may rup-
ture. The safety of silicone gel implants has been extensively
studied following major public concern. Several govern-
ment-commissioned reports have affirmed that there is
no association with connective tissue diseases or breast
cancer.

Breast reduction

There are several techniques in which breast tissue and skin
are excised from the inferior portion of the breast, which is
then reconstructed by mobilizing and drawing round the
breast tissue from either side. Careful planning of the inci-
sions is mandatory to achieve good results. Symmetry of
both breast size and shape is important, and also the projec-
tion of the breast and the final position of the nipple and are-
ola, which must be moved cranially. The nipple and the
areola can be moved to their new position as a full-thickness
graft, but it is more satisfactory to move them with their
blood supply preserved by adjacent tissue. This can be with a
strip of de-epithelialized inferior breast skin (Fig. 2.11) or
with a cone of underlying breast tissue.” Early complications
include nipple necrosis. Careful preoperative counselling is
important or patients may be disappointed with the final
result. They should be warned of possible asymmetry,
reduced nipple sensation, and that subsequent lactation is
seldom an option.
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Although it is the orthopaedic surgeon who operates most
frequently on these tissues, an understanding of the surgical
principles is still essential to the general surgeon. Trauma
and infection occur in the soft tissue of both the trunk and
the limbs, and there is significant overlap between surgical
specialties. This chapter may also be of some value to the
general surgeon who is unable to obtain specialist help and
has to operate in unfamiliar ‘orthopaedic territory’.
However, the true surgical generalist may find that a large
proportion of his or her surgical practice is in this mainly
orthopaedic area, and will wish to supplement this chapter
with further operative texts.'

SURGERY OF SOFT TISSUE TRAUMA

The severity of damage both to muscle, and to other soft tis-
sue, is often underestimated as attention is focused on the
more obvious skin wound, or the fractured bone visible on
X-ray. For example, a high-velocity bullet which has passed
through the upper calf may have inflicted a small entry and
exit wound and a tibial fracture. The fracture appears to be
the most significant injury, and initially it may not be appre-
ciated that almost the entire calf musculature is necrotic, that
there is nerve and arterial damage, and that the viability of
the distal limb is under threat. Soft tissue trauma inflicts
three separate insults: direct tissue injury; tissue ischaemia;
and the introduction of infection.

DIRECT TRAUMATIC DAMAGE

A knowledge of the mode of injury is a useful predictor of the
likely damage. A stab wound with a sharp knife causes mini-
mal damage except to the tissue which is severed. A blunt
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impact may cause a small wound but a large surrounding
area of damaged, or even non-viable tissue. A high-velocity
missile imparts kinetic energy to the surrounding tissue, a
temporary cavity forms with traction forces on the tissue,
and disruption of small vessels. The cavity sucks in contami-
nants and then collapses. The final result is extensive con-
taminated tissue death surrounding an apparently
small-calibre track (Fig. 3.1).

DAMAGE TO THE BLOOD SUPPLY

An injury may sever a major vessel. However, the damage to
an artery may be more subtle with only a partial tear. In this
situation the distal circulation may initially be preserved but
deteriorate later. This is discussed more fully in Chapter 5.

Injury to a major vessel in the vicinity of a penetrating
wound must always be suspected, and evidence of associated
nerve damage should heighten suspicion further.

More commonly, the swelling of injured soft tissue within

Figure 3.1 A high-velocity missile causes extensive damage to the
tissue around the track.
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a closed fascial compartment allows the tissue pressure to
exceed perfusion pressure. This causes ischaemic muscle
damage (compartment syndrome), and finally muscle death
ensues some hours after the injury.

INFECTION

Any traumatic damage associated with breach of the skin, or
mucosa, has the potential to introduce infection. However, a
sharp injury inflicted with a non-sterile knife seldom results
in significant infection. In contrast, penetrating injuries with
blunt objects are associated with a high risk of infection, as
virulent organisms may be carried into tissue which has also
been contused, or rendered ischaemic, by the injury. Thus,
animal bites were always treated by delayed suture in the pre-
antibiotic era. Infection of damaged tissue leads to further
tissue necrosis. Gross contamination, with soil or clothing
carried into necrotic tissue, almost inevitably results in
severe limb- and life-threatening infection as the necrotic
debris and haematoma are an ideal culture medium.

Surgical removal of dead tissue and
contaminants

The nature of the injury gives a good preoperative indication
of the likelihood of extensive soft tissue necrosis, or gross
contamination. All dead tissue must be excised and all veg-
etable debris removed, or severe complications are
inevitable. A small skin wound may have to be extensively
enlarged in order to achieve adequate access. Any doubtfully
viable tissue can be left for a second inspection after
24-48 hours (see Delayed repair below). Metallic foreign
bodies, such as bullets, shotgun pellets and pieces of shrap-
nel, may remain quiescent for a lifetime and should not be
removed unless the surgery will be straightforward, other-
wise the surgeon is at risk of causing more damage than the
original weapon.” An exception is a lead-containing foreign
body which, if left in situ, may cause lead poisoning.

Surgical preservation of tissue perfusion

If a major vessel has been severed and there is distal
ischaemia, arterial repair is of the utmost urgency if amputa-
tion is to be avoided (see Chapter 5).

Oedema and swelling occurs with any injury, and is more
marked in blunt injuries with significant tissue contusion.
Elevation of the affected part (Fig. 3.2) reduces oedema, but
this can be counterproductive in a patient with peripheral
arterial occlusive disease, as it reduces further an already low
arterial pressure. Compartment syndrome, as outlined above,
leads to a loss of perfusion to the muscle. It is the result of
swelling within a restricted space leading to excessive inter-
stitial pressure. It can be caused not only by blunt trauma but
also by other insults. An acutely ischaemic limb, which has
been revascularized after a delay of some hours, will have

Figure 3.2 Elevation of an injured hand. The photograph was
taken by Eric Farquharson using a member of his family as the
model.

muscles which have suffered an ischaemic insult and will
later swell. Even severe unaccustomed exercise can cause a
compartment syndrome. Urgent decompression by fas-
ciotomy, before irreversible ischaemic muscle damage
occurs, is important. Minor compartment syndromes will
settle spontaneously with elevation and rest, and the decision
whether to operate is sometimes difficult. More is lost, how-
ever, by failure to act than by an unnecessary operation.
Severe muscle tenderness, and pain exacerbated by any con-
traction of the muscle, should at least alert the surgeon to
consider fasciotomy.

FASCIOTOMY

Fasciotomy is the treatment of a compartment syndrome.’
The fascia must be opened along the length of the muscle
belly. This can be achieved by a subcutaneous fasciotomy but
it is easier — and much safer — to incise the whole length of
overlying skin. This has the additional advantage of releasing
any associated skin constriction. Closure by secondary
suture is appropriate when the swelling subsides after a few
days, but skin grafts may be needed. Occasionally only one
fascial compartment is at risk. More often all compartments
need release.

In the leg an incision behind the medial border of the tibia
can be used to release the deep and superficial posterior com-
partments. A second incision, 4 cm lateral to the tibia, is
required if release of the anterior and peroneal compart-
ments is also indicated (Fig. 3.3). Alternatively, if flaps are
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Figure 3.3 An incision behind the medial border of the tibia
affords access to both posterior compartments of the calf. A second
incision 4 cm lateral to the anterior border of the tibia is required for
access to the anterior and peroneal compartments.
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Figure 3.4 Asingle incision over the fibula with elevation of flaps
allows access to all four compartments.

raised at the level of the deep fascia, a single lateral incision
will provide access to all four compartments (Fig. 3.4). When
the peroneal compartment needs to be released, the level of
the fibular head should be identified, and used as a landmark
to avoid damage to the common peroneal nerve as it winds
around the neck of the fibula. Although the leg is the com-
monest site for a compartment syndrome, it can also occur

in the thigh and upper limb, but these less frequently require
decompression.

Surgical repair of soft tissue injury

Primary suture

Primary suture of deep tissues and skin is suitable in clean
wounds. It may also be appropriate management in selected
contaminated wounds, but thorough wound toilet com-
bined with excision of devitalised tissue is essential prior to
closure. Antibiotic cover should be considered for any
potentially contaminated wound which has been closed pri-
marily.

Delayed repair

This is always the safer option. Before the advent of anti-
biotics it was considered mandatory for any potentially con-
taminated wound, and for any wound in which wound toilet
had been delayed. Antibiotics have merely moved the divid-
ing line between those wounds which can be treated by pri-
mary closure and those which cannot. If there is established
infection, and tissue of doubtful viability has been left in situ,
then primary closure is still potentially disastrous. The
wound is cleaned, dead tissue excised and the cavity lightly
packed with saline-soaked gauze. Some 48 hours later the
wound is re-explored. If there is no infection, and the doubt-
fully viable tissue is now healthy, the deep tissues can be
repaired and the wound closed. If, however, there is now fur-
ther necrosis and infection the wound is again debrided and
left open.

MUSCLE REPAIR

Longitudinal clean incisions of muscle do not require suture.
A loose suture is at best harmless, whilst a tighter suture
strangulates muscle fibres. However, the overlying fascia may
be sutured if there is no significant muscle swelling, and clo-
sure of the deep fascia prevents a potential muscle hernia. A
transverse incision of a muscle may, however, warrant repair.
Divided muscle fibres retract and finally heal with a fibrous
scar. The divided fibres atrophy and there is compensatory
hypertrophy of the remaining intact fibres. A surgical repair
is therefore usually only indicated for a laceration, or tear,
which has divided a significant proportion of the muscle.
When the fascia has also been divided, sutures to appose the
fascia may be sufficient to hold the muscle fibres in apposi-
tion. It is on this principle that the closure of a Kocher sub-
costal incision is based (see Chapter 12). If a muscle belly
repair is indicated, a figure-of-eight suture will be the least
likely to cut out (Fig. 3.5). An absorbable suture which
loses its tensile strength relatively slowly (e.g. vicryl) is suit-
able. Splintage for about 6 weeks after repair is recom-
mended.

Closed trauma in the form of a severe force may disrupt
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Figure 3.5 A figure-of-eight suture is less likely to cut through
muscle.

the muscle tendon unit. In children and adolescents the epi-
physis into which the tendon is inserted may be pulled away
from the bone, in the young adult a transverse muscle belly
tear occurs, in the older adult the tendon itself ruptures and
in old age the tendon may avulse a fragment of osteoporotic
bone. A partial muscle belly tear causes a ‘tumour’ proximal
to the injury when the muscle contracts. No treatment other
than reassurance is required unless a major portion of a mus-
cle has disrupted.

RECONSTRUCTION AND TISSUE COVER

This should normally be delayed until both the patient and
the wound have entered a healing phase, and there is no
longer any concern over non-viable tissue or infection.
However, sometimes there is an urgency to establish tissue
cover to allow healing, and so a compromise has to be struck.
A muscle flap (see below) may be utilized to cover exposed
bone.

INFECTION OF MUSCLE

Pyogenic muscle infection

This most commonly occurs secondary to penetrating
trauma, even if this is only in the form of a minor puncture
wound. Occasionally pus tracks into a muscle from an adja-
cent deep abscess. The commonest example is a psoas abscess
which is pointing in the groin, but is caused by an underlying
retroperitoneal infection which has tracked into the psoas
muscle. The original pathology may be vertebral, renal or
colonic (Fig. 3.6). In malnourished or immunocompro-
mised individuals, a primary pyomyositis of large muscles
may occur, and this is a common condition in some tropical

Figure 3.6 Colon, appendix, kidney and vertebral bodies are all
closely related to the psoas muscle. Infection originating from them
may present as a psoas abscess tracking to the groin insertion.

countries. Whatever the aetiology, adequate drainage of pus,
and the excision of any necrotic tissue, is indicated. A drain
should be left into the depths of the abscess to prevent pre-
mature closure of the track. A corrugated drain, sutured to
the skin, as used for a deep breast abscess (see Fig. 2.7, page
30), is satisfactory for this purpose.

Anaerobic muscle infection

Clostridium welchii, the causative organism of gas gangrene,
and Clostridium tetani, the causative organism of tetanus, are
found in soil and faeces, and these anaerobic organisms
thrive in necrotic and ischaemic muscle. Gas gangrene was a
common — and much feared — complication in the battle-
fields of the First World War.* Amputation was thus often
considered a safer option than attempting to save a severely
damaged limb which was already potentially contaminated
with bacterial spores.

GAS GANGRENE

Clostridium welchii multiplies in ischaemic damaged tissue.
The toxins produced by the bacteria damage previously
healthy tissue which is then colonized, and the infection
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spreads longitudinally within muscle sheaths. The patient is
usually profoundly unwell, and crepitus may be apparent
from small bubbles of gas.

Prevention consists of thorough early wound toilet with
removal of all necrotic tissue. A high-risk wound is then left
open as described above. Although the organism is sensitive
to penicillin, the use of the antibiotic for prophylaxis or
treatment may be disappointing as the high blood levels do
not reach the dead tissue in which the organism is multi-
plying.

Treatment of gas gangrene is primarily surgical for the
same reason. All infected tissue must be excised as soon as
the patient’s general condition allows. The patient may be
extremely ill with signs of multiple organ failure and require
general resuscitation, but a surgical delay of more than a few
hours will be counterproductive. This situation can pose a
similar dilemma regarding the optimum timing of surgery to
that encountered in patients with peritonitis, and this is dis-
cussed in Chapter 14. If gas gangrene in a wound is sus-
pected, it must be opened and explored. In the early stages of
anaerobic infection the affected muscle fibres are paler than
normal, a lustreless pinkish grey shade being described: later
they become deeply congested, slate blue or frankly gan-
grenous. Bubbles of gas are apparent. All unhealthy and
potentially infected tissue must be excised, as leaving trau-
matized, or ischaemic, tissue in the vicinity is an unaccept-
able risk. The possibility of saving a limb should always be
considered, but unfortunately amputation is often the only
safe option. Parenteral penicillin is administered at high
dosage and hyperbaric oxygen therapy, if available, may be
beneficial.

Tissue gas is not pathognomonic of gas gangrene as sapro-
phytic, non-pathogenic, gas-forming anaerobes may
multiply in necrotic tissue. This scenario is occasionally
encountered around a retroperitoneal colonic perforation.
The excision of the necrotic tissue alone is adequate in this
situation.

TETANUS

Tetanus is the other feared anaerobic infection of contami-
nated wounds. The incidence shows great regional variation,
possibly related to soil acidity, and infection can occur after a
very minor puncture wound. Immunization, antibiotics and
anti-serum are all effective in its prevention. In established
infection, there is no local tissue destruction, and excision of
the wound has no great therapeutic merit unless indicated
for other reasons. Penicillin is effective in destroying residual
organisms, and antiserum will neutralize any unfixed toxin.
However, by the time of presentation, much of the toxin is
already fixed within the central nervous system, and clinical
deterioration will continue for some days despite the admin-
istration of antibiotics and antiserum. The mainstay of
treatment is the control of spasms, and general intensive
support.

Necrotizing fasciitis and Fournier's gangrene

These are discussed in Chapter 1.

MUSCLE FLAPS

Healthy muscle has an excellent blood supply, and the over-
lying skin derives a significant proportion of its blood supply
from the muscles, by vessels passing through the deep fascia.
Many muscles have only one or two nutrient arteries supply-
ing the whole muscle. These enter near either the muscle ori-
gin or insertion, and this anatomical arrangement allows for
the isolation of a muscle, with the overlying skin if appropri-
ate, as a ‘flap’. A vascular pedicle at one end of the muscle is
carefully preserved, and the other end of the muscle is sepa-
rated from its origin or its insertion. This allows the muscu-
locutaneous flap to be rotated around a vascular pedicle, to
cover a tissue defect in an adjacent area.” The principles
underlying flap surgery are discussed in more detail in
Chapter 1. Numerous adaptations of this principle have been
developed in reconstructive surgery.

In sites to which no suitable flap can reach, a free flap of
tissue — such as muscle, or muscle and skin — is achieved by
detaching the tissue completely and dividing the nutrient
artery. The artery and its accompanying vein are then anas-
tomosed to suitable vessels in the recipient site using
microvascular techniques.

The latissimus dorsi flap is described in Chapter 2 in rela-
tion to breast reconstruction surgery, the rectus abdominis
flap in Chapter 12, the gracilis flap in Chapter 23, and the
pectoralis flap in Chapters 9 and 10. Reconstructive flap sur-
gery is the province of the plastic surgeon, but many general
surgeons are experienced with the technique for the one or
two flaps that are useful in their area of interest.

The gastrocnemius flap is useful in lower-limb trauma.
Tissue loss over a compound fracture of the tibia is an injury
which is slow to heal, and prone to complications. The rota-
tion of a musculocutaneous flap to cover the fracture site has
proved very beneficial in this situation. For example, the
medial head of gastrocnemius has a neurovascular bundle
close to its origin. The muscle can be divided distally at the
musculotendinous junction, and swung medially to cover an
exposed fracture of the upper tibia. The functional defect is
compensated for by the other muscles in the flexor compart-
ment. If a muscle flap is used without overlying skin, a split-
skin graft can then be used to cover the muscle.

SOFT TISSUE MALIGNANCY

These malignant tumours are sarcomata which metastasize
by the bloodstream, and not via the lymphatics. Treatment
of the primary lesion must be adequate, or local recurrence is
common, but no benefit is gained by lymph node dissection.
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The apparent ‘capsule’ of these sarcomata is merely a layer of
compressed tumour cells and, therefore, excision in the nat-
ural plane just outside this capsule inevitably leaves a tumour
bed which is contaminated with malignant cells. Surgical
excision should therefore include a circumferential margin
of normal tissue. When a sarcoma arises within a muscle the
excision usually includes the whole muscle, or fascial com-
partment. Frequently, an initial excision has been under-
taken for what was believed to be a benign lump, and a
second more radical operation is indicated once there is con-
firmatory histology of malignancy. Limb amputation can
usually be avoided. Radiotherapy may be an alternative to
radical surgery in those tumours which are highly radiosen-
sitive. Patients with these relatively rare tumours should have
the benefit of referral to centres with a special interest.®

Pulmonary metastases are usually the first indication of
metastatic spread, and occasionally surgical removal of iso-
lated metastases in liver or lung can still offer the chance of
cure. Chemotherapy and radiotherapy may both have a role,
in adjuvant and in palliative therapy.

TENDON REPAIR

A tendon is a condensation of fibrous tissue in continuity
with a muscle. The origin of a muscle is commonly fleshy
from a wide area of bony cortex, but if it arises from a local-
ized area it may be tendinous. The common extensor ten-
don, arising from the lateral epicondyle of the humerus, is an
example of this. The insertion of most muscles is tendinous,
as the muscle is commonly only inserted into a localized area
of bone. The tendon may be short in proportion to the mus-
cle belly (e.g. the patella tendon) or long, as in the tendons of
the finger flexors and extensors.

A tendon may be severed by a laceration, and the long
flexor and extensor tendons to the fingers are particularly
vulnerable, due to their superficial position. Tendon rupture
can also be caused by a blunt force. This may represent exces-
sive force on a normal tendon or a minor strain on a degen-
erative tendon. A tendon may also disrupt at its attachment
to bone or it may avulse the fragment of bony cortex to
which it is attached.

If no action is taken after tendon disruption, the muscle
tone pulls the tendon ends apart and any healing will be with
lengthening, and resultant diminution of function. On occa-
sion the ends can be approximated by extension, or flexion, of
the relevant joint, but results are better with a formal repair.
The suture material must be of adequate strength to over-
come the forces channelled through the tendon. In practice,
the tendency for the suture to cut through the fibres of the
tendon is more often the limiting factor than the strength of
the material used, and sutures should be placed so as to min-
imize this risk (Fig. 3.7). Catgut loses tensile strength too rap-
idly, while silk causes excessive tissue reaction. In the past,
wire was extensively used but this has been generally super-

Figure 3.7 The propensity of a suture to cut through a tendon can
be minimized by the suturing techniques illustrated. An additional
finer continuous suture can then be inserted circumferentially in the
paratendon.

seded by polypropylene (Prolene). Techniques using strips of
fascia as suture material have been tried for the large tendons.
If the tendon has severed at its bony attachment, then tendon
to bone fixation is required. This can be achieved by drilling a
hole through the bone and passing the Prolene (or wire)
suture through the hole. Two other methods are shown in
Figure 3.8. A spontaneous rupture of a degenerative tendon
can seldom be satisfactorily repaired, and the choice lies
between acceptance of the disability, attempted repair — with
a high chance of failure — or a tendon transfer operation.
Even after a tendon repair, splintage of the joint is then
used to reduce tension during healing. For example, an
Achilles tendon rupture treated surgically may still require
splintage of the ankle in plantar flexion for 6 weeks.

=4,

Figure 3.8 (a) The tendon has been passed through a hole drilled
in the bone and sutured to itself. (b) A suture passed through the
tendon and out through the terminal phalanx to the skin is tied over
a button. After 3-4 weeks the suture and the button are removed.
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EXTENSOR TENDONS IN THE HAND

These heal well, and may be repaired primarily by simple
apposition. Some surgeons favour an absorbable suture as it
is impractical to bury a knot in these flat tendons. Avulsion
of the extensor tendon from the base of the terminal, or less
commonly the middle, phalanx of a finger can be successfully
treated conservatively by splinting the affected joint in exten-
sion for 4—6 weeks.

EXTENSOR POLLICIS LONGUS

The repair of a spontaneous rupture of this tendon is seldom
practical. It may be ignored, or a tendon transfer performed
(see below). Eric Farquharson had a spontaneous rupture of
his extensor pollicis longus a few years before retirement. He
was advised to postpone a decision regarding a tendon trans-
fer repair until he had ascertained the severity of the disabil-
ity. Within 2 weeks he had adapted sufficiently to return to
operative surgery — much earlier than would have been pos-
sible after a tendon transfer.

FLEXOR TENDON INJURY IN THE HAND

Surgical repair can give disappointing results, even when
undertaken by specialist surgeons. Referral is therefore indi-
cated, if at all possible. In Zone 2 the tendons and their syn-
ovial sheaths are within the fibrous flexor sheath (Fig. 3.9). In
this zone — and also in Zone 4, behind the flexor retinaculum
— dense and permanent adhesions commonly form during
healing.’ It is recommended that no repair is attempted when
there is an isolated division of a superficial tendon within
Zone 2. If both flexor tendons are divided, only the profun-
dus tendon should be repaired and, except in very experi-
enced hands, primary repair is best not attempted. Instead, a
secondary repair is undertaken with a tendon graft of pal-
maris longus, or plantaris. At operation the fibrous flexor
sheath is excised except for three intact pulleys which are left
in situ to prevent bow stringing of the tendon graft. The
superficial tendon is excised, and the profundus tendon
excised from Zone 2. The tendon graft is then carefully
drawn through the pulleys. The two tendon suture lines, to
the distal profundus stump and to the proximal tendon in
the palm, are thus outside this area which is particularly
prone to fibrosis. After finger tendon repair splintage to pro-
tect against excess force is required for 6-8 weeks.

INFECTIONS IN THE HANDS AND FEET

Hand infections

Treatment is dominated by the need to prevent stiffness and
the subsequent loss of function.® The hand — whether injured
by infection or trauma — is at high risk of a poor long-term
functional outcome if restoration of mobility is prolonged.
Correct splintage during the early phase, followed by inten-

Figure 3.9  Primary repair of flexor tendons in Zones 1, 3 and 5 is
satisfactory, whereas repair in Zones 2 and 4 is often disappointing
due to the formation of dense adhesions.

sive physiotherapy, is essential (Figs 3.10-3.12). Early treat-
ment of an infected hand with an appropriate antibiotic is
often successful but, if rapid resolution does not occur,
trapped pus must be suspected and released. It is not always
immediately apparent in which compartment the pus is
trapped as the whole digit or hand will swell. Even the even-
tual ‘pointing’ may mislead if the anatomy is not appreciated
(Figs 3.13 and 3.14).

Figure 3.10 The ‘position of immobilization’ for the hand.
Relevant capsular structures are held at maximum length to prevent
Joint contractures. The wrist is slightly dorsiflexed, the
interphalangeal joints are extended and the metacarpophalangeal
Jjoints are flexed. The thumb lies parallel to the fingers.
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Figure 3.11 Injured joints seldom lie naturally in either the
‘position of immobilization’ or the ‘position of function’. Injured hips
and knees lie flexed, and the injured hand adopts this position (cf.
Fig. 3.10). The hand must be elevated to reduce swelling, and
splinted in the correct position to prevent secondary contractures.

Figure 3.12 The ‘position of function’. A hand fixed in this position
is still of functional use. This is not the correct position for
immobilization unless loss of joint movement is inevitable.

Figure 3.13 Infections which may affect a digit. A Tendon sheath
infection; B Septic arthritis; C Paronychia; D Subcutaneous infection
with a subcuticular ‘collar stud’ extension; E Subcuticular abscess;

F Osteomyelitis; G Pulp space infection; H Apical pulp space
infection.

pollicis F

Figure 3.14 The anatomy of hand infections, shown on transverse
section. A Subcuticular palmar abscess; B Subcutaneous palmar
abscess; C Subaponeurotic palmar abscess; D Tendon sheath
infection (radial bursa); E Tendon sheath infection (ulnar bursa);

F Thenar space; G Deep mid palmar space.

SYNOVIAL SHEATH INFECTIONS

Infection within the synovial sheaths of the flexor tendons
(Fig. 3.15) can result in fibrous adhesions within the sheath,
or even sloughing of the tendon. The sheath should therefore
be explored if pus is suspected, or if complete resolution has
not occurred within 48 hours of antibiotic treatment.
Surgical exploration is carried out through two skin crease
incisions — one placed over the proximal sheath, and the
other in the distal skin crease of the finger over the distal
sheath. The sheath is drained and then irrigated with saline
via a fine catheter which can be left in situ for further irriga-
tion over the ensuing 24-48 hours.

OTHER SOFT TISSUE INFECTIONS IN THE HAND

Early diagnosis and antibiotic therapy has reduced the need
for surgical intervention, but once pus has formed it should
be drained. It should be remembered that deep pus may be
difficult to diagnose if it fails to point superficially, and that
pus pointing superficially may be associated with a deeper
collection which also requires drainage. For example, a
paronychia may extend under the nail necessitating nail avul-
sion for adequate drainage, while a superficial septic blister
may connect with a deeper subcutaneous or pulp space col-
lection. Between the palmar aponeurosis and the flexor ten-
dons is the superficial middle palmar space. An infection of
this space is usually caused by a penetrating wound of the
palm; this presents as a ‘collar stud’ abscess in the palm (see
Fig. 3.14) and should be drained anteriorly. Behind the flexor
tendons are the deep mid palmar space and the thenar space.
Infection within these spaces is less common, and initially
presents with a generally swollen hand, this often being more
noticeable on the dorsum. Drainage is undertaken from the
web space, which is also where the pus will eventually point
after tracking via the lumbrical canals (Fig. 3.16).
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Figure 3.15 (a) The flexor tendon sheaths. (b) The incisions for
drainage of tendon sheath infections.

Foot infections

In contrast to infections in the hand, where the predominant
concern is regarding stiffness and loss of function, infections
in the feet carry a significant risk of loss of a limb. Penetrating
trauma is common in the barefoot farm worker in the devel-
oping world. The wound is contaminated by soil and then
often neglected until there is established deep infection, and
even infected gangrene. Treatment follows the general prin-
ciples in the management of soft tissue infections. Adequate
drainage of pus is essential, combined with removal of dead
tissue and contaminants. Systemic antibiotics, and repeated
local treatment, are continued until the infection has settled
and healing has commenced. Only then should secondary

Figure 3.16 (a) The thenar and deep mid palmar spaces
communicate with the web spaces via the lumbrical canals.
(b) Drainage is via the web space.

suture, or reconstruction, be considered. Amputation in the
presence of infected gangrene is discussed in Chapter 4. In
the developed world most foot infections follow very minor
trauma in diabetic patients. Diabetic neuropathy may have
rendered the patient oblivious both to the trauma, and to the
early stages of infection. Impaired circulation, from both
large vessel atheroma and diabetic microangiopathy, reduces
the tissue resistance, and the raised blood glucose provides
an excellent environment for bacteria. Underlying pus must
be considered if prompt resolution on antibiotics does not
occur. Associated osteomyelitis of phalanges and metatarsal
heads, and septic arthritis may also occur early. Pus can be
drained from a web space but often a ray amputation is
required, either for a gangrenous toe or when additional
bone or joint infection has become established (see also
Chapter 4).
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ELECTIVE TENDON SURGERY

Tenotomy for access

A tendon may have to be divided to allow access for surgery.
It is then repaired at the end of the procedure. Examples
include the tendon division to allow full exposure of the
popliteal artery for arterial reconstruction, and the tendon
division necessary to enable the transposition of the ulnar
nerve to the flexor aspect of the elbow.

Tenotomy and tendon lengthening

Here, the techniques rely on the principle that natural heal-
ing of a divided tendon occurs with lengthening as the mus-
cle tone distracts the cut ends. Whereas a simple tenotomy
may be satisfactory in some circumstances, a formal tendon
lengthening procedure is superior when the muscle is func-
tionally important (Fig. 3.17). Sternomastoid tenotomy may
be used to correct congenital torticollis. Division of the com-
mon extensor tendon from the lateral humeral epicondyle
may be undertaken for an intractable ‘tennis elbow’.
Adductor, hamstring and Achilles tendons can all be divided
or lengthened to allow correction of a flexion deformity.
Unfortunately, the tendon which is felt as the tight band
restricting movement is often only part of the problem, and
a further soft tissue release may be required. This is seen both
in the treatment of congenital talipes equinovarus, and in the
late contractures after neglected trauma and paralysis which
are so often encountered in areas with poor access to medical
care. In the latter situation there is often a fixed flexion of the
hip and knee with an equinus ankle deformity. The surgeon
is aiming for a plantigrade foot, and a weight-bearing limb
with possible caliper support. Very careful assessment before
surgery is essential. Shortened major vessels and nerves
crossing the flexor aspect of the joint may still prevent exten-
sion. In addition, the correction of an equinus deformity
may be counterproductive if it is compensating for a short-
ened limb.

Figure 3.17 A tendon-lengthening technique suitable for a short
Achilles tendon.

Tendon transfers

Tendon transfers are used to restore active movement where
it has been lost as a result of damage to muscles or tendons.
The muscle must be strong enough for its new role, with ade-
quate amplitude of motion in a similar direction. It is also
essential that it can be spared from its original function.

Extensor indicis fulfils these criteria when used to replace a
ruptured extensor pollicis longus. Tendon transfers can also
be undertaken to correct imbalance from neurological dis-
ease. Thorough assessment is essential before embarking on
surgery, and any fixed deformity must have been corrected.
Tendons may be joined as shown in Figure 3.18.

\\

Figure 3.18 A technique for joining two tendons.

The tibialis posterior tendon may be transferred to correct
the drop foot of paralysed peroneal muscles. The distal mus-
cle and proximal tendon are mobilized above and behind
the medial malleolus. The tendon insertion into the
navicula is divided through a separate incision. The tendon
is transferred anteriorly and, through a separate incision
over the base of the fifth metatarsal, it is attached to the
paralysed peroneus brevis. This is a useful technique for
surgeons practising in countries with a high incidence of
polio or leprosy.

Tendon grafts

The non-essential tendons of palmaris longus and plantaris
can be used as grafts to bridge gaps in essential finger flexor
tendons, as discussed above.

Tendon release

Stenosing tenosynovitis prevents free movement of a tendon
within its sheath. In trigger finger or thumb there is a nodular
swelling on the flexor tendon which catches as it is pulled
under the proximal end of the fibrous flexor sheath during
extension of the digit. Surgical release is indicated if steroid
injection fails, and is performed through a short transverse,
or longitudinal, incision just distal to the distal transverse
palmar skin crease. Extensor pollicis brevis and abductor
pollicis longus may be trapped in the first compartment of
the extensor retinaculum at the wrist. If steroid injection fails
to relieve pain and swelling, surgical release can be under-
taken. Care must be taken of the terminal branches of
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the radial nerve as intractable pain can occur if they are
damaged. Sometimes the compartment contains subdivi-
sions of the nerve which must be sought and released.

SURGERY OF LIGAMENTS AND JOINTS

Consideration must always be given to the position of any
injured or inflamed joint, as even a healthy immobilized
joint stiffens. If a joint requires splintage, it should be immo-
bilized in a position which holds the relevant capsular struc-
tures at their maximum length, rendering contractures less
likely (see Fig. 3.10). This is often a different position from
that which the injured joint assumes naturally (see Fig. 3.11).
If long-term loss of movement, and even bony ankylosis, are
inevitable it is important that the joint is in the best position
for any subsequent use of the damaged limb (Fig. 3.19; see
also Fig. 3.12). Ligaments are condensations of fibrous tissue
on which the stability of a joint depends. Some — such as the
cruciate ligaments of the knee and the ligament to the
femoral head — are within the joint, and the latter also carries
an important nutrient artery. More often they are outside the
joint, and are closely associated with the joint capsule. In
traumatic rupture the ligament itself may tear, or it may
avulse a fragment of bone from its insertion. Disruption of a
ligament should be suspected if there is a haemarthrosis, or if
a small fragment of bone is seen on X-ray in the vicinity of a

Figure 3.19 The ‘position of function' in the lower limb is with the
hip extended, the knee flexed to 10° only, and the ankle dorsiflexed
to 90°. Elbows fixed in acute flexion allow patients to feed
themselves; extended elbows allow them to attend to toilet needs.
When joint destruction is anticipated after an advanced septic
arthritis or injury, splintage to obtain a joint position consistent with
a functional limb is essential.

ligamentous insertion. Ligament disruption and instability
of a joint is confirmed on stress X-rays, taken under general
anaesthesia to overcome the stability being maintained by
the surrounding muscles.

Repair of ligaments and joints

Immediate repair using similar techniques to tendon repair
may be performed. However, as there is no muscle distrac-
tion of the cut ends of a ligament, a plaster cast to prevent
any ‘opening’ of the joint while healing takes place may be
sufficient in some circumstances. Unfortunately, some
patients present long after the initial injury with unstable
joints, and delayed reconstructive repair of ligaments must
then be considered. Good results can be obtained in ligament
reconstruction for unstable joints and, in particular, cruciate
reconstruction with a portion of the patella tendon has
proved very successful. However, these are operations for
experts in the field, and an occasional surgeon would expect
results worse than with conservative management.

Pyogenic arthritis

The management of joint infections forms only a small part
of the practice of a specialized orthopaedic surgeon, but in
some areas of the world they are common and a major cause
of long-term disability.” Urgent action is required to save the
joint. Differential diagnosis from traumatic haemarthrosis
and gouty arthritis may be obvious clinically, but if pus or
blood are suspected in a joint then aspiration is essential to
establish the diagnosis and facilitate appropriate treatment.
A needle is introduced through an area of locally anaes-
thetized skin. If pus or blood are encountered, a wide-bore
needle is required to ensure adequate drainage. There are
several routes for aspiration of most joints, and a grossly
swollen joint normally poses little difficulty in access with a
needle. Anatomical consideration must be given to avoid
overlying vessels and nerves. The hip joint however can be
more difficult as it is deep, and a joint effusion does not pro-
duce obvious swelling. A satisfactory method is to introduce
the needle just above the tip of the greater trochanter, and to
pass it upwards and medially, in the line of the femoral neck,
until the joint is reached.

When all blood or pus has been evacuated the joint is irri-
gated with normal saline. A septic arthritis requires high
doses of antibiotics — preferably given intravenously — and
repeat aspirations and irrigation should be performed daily
until inflammation has settled. If the pus is thick and cannot
be aspirated the joint requires formal exploration for
drainage. Consideration should be given to the best position
for splintage (see above).

In a young child, if there is as yet no epiphyseal barrier to
infection, a septic arthritis may be associated with an
osteomyelitis. Failure to recognize and treat the additional
pathology may have serious consequences (see Chapter 4).
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Elective surgery of joints

Ganglia

These arise most commonly from the wrist and interpha-
langeal joints. Often, no surgery is indicated, and some will
disappear spontaneously as a result of rupture. This can be
attempted therapeutically by aspiration of the contents with
a wide-bore needle under local anaesthesia, followed by fur-
ther disruption of the wall of the ganglion by multiple punc-
tures with the same needle. If a ganglion is to be excised, it
must be traced down to the joint capsule where, if there is a
connection, it should be transected but left open. Adequate
anaesthesia, and a bloodless field, are mandatory. Even if the
excision is complete recurrences are common.

Surgery within joints

This includes reconstructive ligament surgery, the trimming
of meniscal tears, the removal of loose bodies and synovec-
tomies. Many open surgical procedures have been virtually
replaced by minimally invasive techniques with the arthro-
scope. This is not surgery in which a general surgeon should
be involved without additional orthopaedic training.

Arthrodesis and excision arthroplasty

Ankylosis, or spontaneous bony union, may develop across a
joint which has been severely injured by trauma or infection.
Ankylosis may give a good functional result if fusion occurs
in the position of function. Arthrodesis, in which a joint is
surgically obliterated, inducing bony union, is based on the
same principle. A severely diseased, painful joint may be
excised as an excision arthroplasty, in which the aim is to
obtain a fibrous rather than a bony union. These procedures
are discussed briefly in Chapter 4 as they may be of value to
the isolated generalist.

Joint replacement

This is now a standard technique for hip and knee joints
badly damaged by degenerative and other pathologies.
Other joint replacements are performed less frequently.
Orthopaedic operative texts cover this enlarging field.'

NERVE INJURIES

A major peripheral nerve is made up of a large number of
fibres — for example, there may be as many as 50 000 in the
median nerve in the forearm. Each fibre consists of an axon
surrounded by its Schwann cell sheath. The axon is the
process of a nerve cell, the main body of which lies within a
ganglion or within the central nervous system. The periph-
eral nerves carry, to a varying degree, fibres concerned with
motor, sensory and autonomic functions. Groups of nerve
fibres are aggregated into bundles, or fascicles, which are
surrounded by a thin layer of connective tissue. There is a
strong and distinct layer of connective tissue, the epineurium,
which surrounds the fascicles which make up a nerve trunk
(Fig. 3.20). The connective tissues of a peripheral nerve are

surprisingly strong so that it is not uncommon to find the
major nerves as the only intact structures in a severely
injured limb. The peripheral nerves are supplied by many
small arteries which communicate freely within the nerve. It
is possible, therefore, to mobilize quite long lengths of nerve
without damaging the blood supply.

Nerve injuries may be divided into three degrees of
severity:

¢ In neurapraxia the axons are not disrupted, but nerve
conductivity is temporarily lost. Recovery occurs
spontaneously within hours or days of the injury.

¢ In axonotmesis the axon is disrupted but the supportive
connective tissues of the nerve remain in continuity. The
axon has to regrow along the intact sheath, and there is
no functional recovery until it reaches the end organ.
The growth rate is around 1 mm a day.

¢ In neurotmesis the nerve is completely divided. No recov-
ery occurs unless surgical repair is undertaken as the
ends retract, the axonal outgrowths fail to find an axonal
sheath, and scar tissue forms.

Surgical repair is an attempt to convert a neurotmesis into a
situation similar to an axonotmesis, but the result is never as
good as many axons still fail to grow down a sheath. In addi-
tion, sensory regrowth towards a motor endplate, and vice
versa, is of no functional benefit.

Nerve repair

A loss of nerve function in a closed injury is usually either a
neurapraxia or an axonotmesis, and the initial management
can be conservative. If recovery does not occur within a few
days, the injury is probably an axonotmesis, and there will be
a long wait as the axons regrow. However, the possibility that
the nerve is divided should be considered, even in a blunt
injury. If doubt continues, surgical exploration should be
considered. The integrity of a nerve in the vicinity of any
open injury should be checked and a loss of nerve function,
distal to a wound, always suggests a divided nerve. When the
wound is explored the severed nerve ends are identified and
a decision is then made as to whether to proceed with a pri-
mary nerve repair. A bloodless field with a tourniquet (see
Chapter 1) provides the best conditions for nerve repair, but
a tourniquet may be contraindicated in an extensively dam-
aged limb in which additional ischaemic insult should be
avoided. Primary repair may be the best option, but only in
clean, incised wounds of limited extent where surgeons have
the necessary experience, instruments and time at their dis-
posal. Most general surgeons will wish therefore to enlist the
help of an orthopaedic or plastic surgical colleague with
special expertise and, if not available, to opt for secondary
repair. An isolated general surgeon may have limited experi-
ence, combined with a lack of fine equipment but, if referral
is impractical, will have to proceed with either primary or
secondary repair.
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If repair is to be delayed, the nerve ends should be pre-
vented from retraction. If the ends reach with ease they can
be apposed with two or three inert sutures and await a more
formal repair. Correct orientation at this stage may be easier
than subsequently, and should be attempted and docu-
mented. If the severed ends cannot be apposed, they should
be fixed to surrounding tissue to prevent further retraction.
Attempts have been made to isolate the nerve ends with silas-
tic to prevent the formation of adhesions which can make the
secondary repair more difficult.

Nerve repair, if at all possible, should be performed with
the help of some form of magnification, either loupes or
operating microscope, to prevent further damage to the
nerve by clumsy dissection, and to ensure accurate orienta-
tion of the nerve and placement of sutures. Sutures should be
of a relatively inert material, such as nylon or Prolene and
very fine (8/0 or finer). Silk and absorbable sutures provoke
an inflammatory response and should not be used.

PRIMARY REPAIR

For primary suture only minimal trimming of the nerve ends
is required. It is carried out with a sharp razor blade with the
nerve resting on a firm surface. Correct orientation of the
nerve is facilitated by noting the arrangement of the fasicular
bundles within the nerve (Fig. 3.20) and the presence of any
blood vessels on the surface. The repair is then by epineural
suture. The first two sutures may be held as stay sutures to
steady and rotate the nerve (Fig. 3.21). Excessive suturing
should be avoided. For example, six to eight sutures are suf-
ficient for the median nerve, and two to three for a digital
nerve.

SECONDARY REPAIR

At a secondary repair, it is safer first to identify the nerve,
both proximal and distal to the scar tissue, and only then to
dissect the injured site. If the ends have been aligned at the
original exploration, guide sutures placed before excising the
bridge of neuroma and scar tissue will facilitate maintaining
correct alignment, and in addition these sutures can be used
to draw the ends together. The neuroma must be excised,
and both ends must be cut back to undamaged nerve beyond
the scar tissue (Fig. 3.21b). This is recognized when the nerve
bundles pout separately from the cut surface and may

Epineurium
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Figure 3.20 Diagrammatic cross-section of a peripheral nerve.

Figure 3.21 Nerve repair is by epineural sutures, and correct
orientation of nerve bundles is essential. (a) The initial guide sutures
hold the orientation and prevent inadvertent subsequent rotation of
one end. They can also be used to rotate both ends of the nerve
together so that the posterior sutures can be inserted. (b) In
secondary repair the neuroma must first be excised.

require up to 1 cm of excision. Orientation, alignment and
suturing are carried out as for a primary repair. The
epineurium is thicker than in a primary repair, and suturing
is easier. Mobilization of the ends will be required to achieve
apposition without tension, but if the defect is greater than
2-3 cm direct suture is not possible without shortening the
course of the nerve by transposition, or by flexion of a joint.
Alternatively, a nerve which can be spared — such as the sural
or saphenous — is used as a graft to bridge the gap.
Techniques for nerve grafting, and for the repair of partially
severed nerves, are for specialists with expertise in the field,
and will give disappointing results when used by generalists.

After any nerve repair, immobilization is indicated for 3
weeks to protect the suture line from tension. Flexion of a
joint may be required to prevent initial tension on a short-
ened nerve, but marked flexion should be avoided by the use
of nerve grafts. Subsequent extension of the joint must be a
controlled slow increase over several weeks to prevent dis-
ruption of the repair. While awaiting axonal regrowth —
whether after axonotmesis or nerve repair — the patient must
be advised of the need to protect anaesthetic skin from acci-
dental injury. The patient must also be shown how to retain,
by passive movement, the mobility of joints for which the
muscles are paralysed. It may be necessary to provide some
form of splintage to maintain function, and prevent contrac-
tures, during the recovery period.

Good functional recovery is dependent not only on the
technical success of the repair but also on the distance the
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axons have to grow to reach the end plates, and whether the
nerve is mixed, or mainly either sensory or motor. The tech-
nical challenges, and the functional results of repair, of dif-
ferent nerves therefore vary.

¢ Facial nerve: this nerve may be damaged, or
intentionally sacrificed for oncological reasons, during
parotid surgery. Direct apposition is seldom possible,
but good results can be achieved with nerve grafts. If this
is unsuccessful, management can be with dynamic
muscle transfer. Neurapraxia after a superficial
parotidectomy is not uncommon, but if the surgeon is
confident that all branches of the nerve were identified
and preserved, there can be reasonable confidence that
function will recover, commonly within a day or two if
there has been no axonal disruption (see also Chapters 9
and 10).

e Recurrent laryngeal nerve: this nerve may be injured in
thyroid surgery (see also Chapter 9). Neurapraxia will
recover but a severed nerve causes permanent cord
paralysis, with a resultant deepening, and reduced force
to the voice. A bilateral injury results in both cords
drifting medially. A tracheotomy may have to be
performed to maintain the airway. Any form of nerve
reconstruction is very difficult.

¢ Brachial plexus: injury to the brachial plexus is most
often seen after motor cycle accidents and is caused by a
severe traction force which may also have damaged the
proximal subclavian artery. The injury is often of mixed
severity, with some portions of the brachial plexus
suffering only neurapraxia, whilst other portions have
axonal disruption or are completely severed. The
prognosis is therefore very varied. Surgical repair of a
severed nerve is seldom practical as the commonest site
of damage is an avulsion of the roots from the spinal
cord. Some surgeons advocate early exploration, but as
access is difficult and often little can be achieved in the
way of a repair, this is unlikely to appeal to the generalist
who, with limited experience of the problem, is in danger
of causing more harm than good.

¢ Radial nerve: this nerve is vulnerable to damage from
the bone ends in a humeral shaft fracture. Repair of the
nerve may produce good results as it is mainly a motor
nerve. The distance to the end plates, however, delays
recovery for a year or more and a splint for wrist drop is
required. If the nerve repair is unsuccessful the wrist
drop can be treated by tendon transfer.

¢ Median nerve: this nerve is most often divided in a
laceration of the wrist or forearm. The radial or ulnar
artery may also have been divided, and additional
tendon damage is also common. At the wrist the median
nerve is flattened and easily mistaken for a tendon. It is
therefore important that exploration, as well as repair, is
undertaken under optimum conditions; this requires a
bloodless field with a tourniquet. Postoperative flexion
of the elbow reduces tension on a median nerve repair at

the wrist, and is preferable to palmar flexion of the wrist.
If the wrist is held in acute flexion during healing, the
adherence of the nerve at the site of injury to adjacent
tissues can cause traction problems when the wrist is
mobilized.

¢ Ulnar nerve: this nerve may be divided at the wrist,
where the challenges in diagnosis and successful repair
are similar to those encountered in median nerve
damage. If the ulnar nerve is severed at the elbow, it is
advisable to bring the divided ends anteriorly for a
tension free-repair. Anterior translocation of an intact
ulnar nerve is described below.

¢ Sciatic nerve: repair of this nerve, although technically
straightforward, gives poor functional results.

¢ Autonomic nerve repair is not a surgical option, as these
are non-myelinated nerve fibres; effective axonal
regrowth is not possible in the absence of axonal sheaths,
even if the ends are approximated. Pelvic surgery endan-
gers both the sympathetic and parasympathetic nerves to
the bladder and sexual organs and great care must be
taken to cause the minimum of damage.

Nerve infections

In the early stages of a herpes zoster infection (shingles) the
dermatome pain precedes the skin rash and can cause major
diagnostic confusion. Renal colic or cholecystitis are fre-
quently suspected at this stage. Poliomyelitis presents to the
surgeon with limb paralysis and deformity. The nerve infec-
tions in leprosy also lead to paralysis and deformity, but in
addition the loss of sensation results in distal soft tissue dam-
age. The surgical implications of polio and leprosy are sub-
stantial but the surgery is not on the nerves themselves.

ELECTIVE SURGERY OF NERVES

Nerve release

This is indicated if a nerve is suffering repeated trauma or
constriction resulting in an ‘entrapment’ neuropathy. The
neuropathy may take the form of pain, altered sensation or
muscle weakness and wasting. Conservative measures include
rest and/or local steroid injection to reduce local oedema, but
surgical release is still often indicated. It should not be delayed
until irreversible damage to the nerve has occurred.

¢ Thoracic outlet syndrome presents with a mixed pattern
of nerve and arterial compression. A prominent Ist rib,
or an accessory cervical rib, causes trauma
predominantly to the axillary artery and the C8 and T1
nerve roots, whereas prominent scalene bands may
traumatise C5 and C6. The surgery to release the
compression of vessels and nerves in this area is
described in Chapter 6.
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¢ Intercostal nerves may be trapped as they emerge from
under the costal margin, but more commonly the
entrapment occurs as they enter the rectus sheath.
Surgical release is seldom indicated as symptoms usually
settle with steroid injections, but they can present
diagnostic problems.

e Carpal tunnel release is indicated when conservative
management has failed to relieve median nerve
compression. The operation is performed under regional
or general anaesthetic with a tourniquet. The incision
(Fig. 3.22) is deepened through the palmar fascia to
expose the flexor retinaculum. The flexor retinaculum
must be divided completely to release the median nerve
and the proximal edge sought under the skin, if the skin
incision stops short of the wrist crease. An incision to
the ulnar side of the nerve is safer than directly over it.
Only the skin is sutured. The operation may be
performed as a minimal access technique through a
small proximal incision, and this has advantages in
avoidance of a potentially troublesome scar. A surgeon
inexperienced in the operation would, however, be at
greater risk of performing an inadequate release or
damaging the nerve.

¢ Ulnar nerve transposition to the front of the elbow
shortens the course of the nerve, and reduces tension.
Through an incision over the medial epicondyle, the
common flexor tendon is divided, the ulnar nerve is
transposed anteriorly, and the tendon repaired. To
ensure sound healing of the tendon, the elbow should be
immobilized for 3 weeks.

¢ The lateral cutaneous nerve of the thigh may be trapped
under the inguinal ligament, and symptoms usually settle
with steroid injections.

Figure 3.22 The incision for carpal tunnel decompression is placed
slightly towards the ulnar side of the midline to avoid palmar
cutaneous branches of the median nerve. The skin incision can stop
short of the wrist crease.

Nerve division

Intentional surgical division of nerves is now restricted to
vagotomies and sympathectomies. Historically, phrenic
nerve-crushing techniques were used to cause an axonoteme-
sis. The diaphragm was paralysed, and ‘rest’ of the tubercu-
lous lung was believed to encourage healing. As the axons
regrew the function recovered.

¢ Truncal, selective and highly selective vagotomies are
discussed in the section on the upper gastrointestinal
tract (see Chapters 16 and 17).

¢ Cervical sympathectomy is the somewhat misleading
misnomer for the operation performed to obliterate the
sympathetic innervation to the upper limb. (The inferior
cervical ganglion, which may be fused to the first
thoracic ganglion as the composite stellate ganglion, is in
fact carefully preserved to prevent a Horner’s syndrome.)
The operation has a declining role in the management of
vasospastic disorders, but has proved valuable in the
treatment of hyperhidrosis. The upper thoracic
sympathetic chain lies on the necks of the ribs (Fig.
3.23), and the outflow to the upper limb is from the 2nd
to the 5th thoracic ganglia. One traditional surgical
approach was through a limited lateral thoracotomy in
the axilla, but this operation is now almost exclusively
performed by a transthoracic endoscopic approach (this
is described in Chapter 7). The alternative anterior
cervical approach, which is also now rarely performed, is
described in Chapter 9. Whichever approach is
employed, the operation on the sympathetic chain is
similar. A T2 sympathectomy consists of division of the
sympathetic chain below the neck of the 2nd rib, and
destruction of the 2nd thoracic ganglion. This is the
standard operation for palmar hyperhidrosis. If repeat
surgery is indicated after initial failure of this operation
a T3 sympathectomy is performed, and the lower half of
the stellate ganglion on the neck of the first rib may also
be sacrificed. Any damage to the upper portion of this
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Figure 3.23 The sympathetic chain lies on the neck of the ribs.
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ganglion will result in a Horner’s syndrome. Control of
axillary hyperhidrosis requires a T2/T3 sympathectomy,
whilst extension to a T4 sympathectomy may be
indicated if repeat surgery is required. However, more
extensive destruction of sympathetic innervation often
results in troublesome compensatory sweating."

¢ Lumbar sympathectomy has a limited role in increasing
skin perfusion in an ischaemic lower limb. It is now
most often achieved with a chemical ablation of the
sympathetic chain, by a paravertebral injection under
radiological control. The alternative surgical
sympathectomy is performed through a retroperitoneal
approach via an oblique loin incision. The sympathetic
chain is found lying in the groove between the vertebral
bodies and the psoas muscle. On the right it is behind
the inferior vena cava (Fig. 3.24), and on the left it is
beside the left margin of the aorta. The 1st lumbar

Lumbar sympathetic
chain

Lumbar vein

Figure 3.24 The lumbar sympathetic trunk lies in the groove
between the psoas muscle and the vertebral bodies. On the right, the
inferior vena cava may overlap it and must be gently retracted.

ganglion is high up under the crus of the diaphragm,
and the 4th may be obscured by the common iliac
vessels. Removal of the 2nd and 3rd ganglia obliterates
the sympathetic innervation distal to the mid thigh and
is normally sufficient. If the 1st lumbar ganglion is
destroyed bilaterally, ejaculatory failure will be
inevitable.

Splanchnectomy: bilateral thoracoscopic splanchnec-
tomy has been employed for relief of pain in chronic
pancreatitis. The sympathetic chains are exposed from
the level of T5-T12 ganglia, and their splanchnic
branches divided."
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Although skeletal surgery is perceived to be almost exclu-
sively within the province of the orthopaedic surgeon, all
surgeons must have an understanding of the principles of
surgery on bone. Rib resection, and division of the sternum
or clavicle, may be required for access to intrathoracic struc-
tures, and access through bone is required for surgery to the
brain and spinal cord. A general surgical operation may
include the excision of bone en bloc with the main specimen,
ranging from the central portion of the hyoid bone with a
thyroglossal sinus, to part of the sacrum with an advanced
intra-pelvic malignancy.

Trauma to bone — and the resulting fractures — do not
occur in isolation, and general and orthopaedic surgeons,
caring jointly for a patient with multiple injuries, must
understand the challenges in the other specialty. Vascular
and orthopaedic surgeons may have to work in parallel to
save a limb with an unstable compound fracture and a sev-
ered major artery (see Chapter 5). Unstable pelvic ring frac-
tures with massive pelvic haemorrhage, and abdominal
organ trauma, require close interdisciplinary cooperation.
Many cranial, sternal and rib fractures are of little signifi-
cance in themselves, and healing will occur without treat-
ment, but they are indicators of major impact and signify the
possibility of injury to underlying organs. Conversely, a sur-
geon caring for a patient with severe intra-abdominal, chest
or head injuries must understand the priorities — and princi-
ples — of the management of the associated orthopaedic
trauma.

Amputations in the developed world are most commonly
performed for peripheral arterial occlusive disease. These
amputations are routinely undertaken by general or vascular
surgeons, whereas the amputations for trauma are the
province of the orthopaedic surgeon.

For these reasons — and as many isolated general surgeons
may feel the need to offer a limited orthopaedic service —
some basic orthopaedic techniques, the principles of stabi-
lization of fractures, and the treatment of osteomyelitis are
discussed. A true surgical generalist who has the necessary
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facilities and resources to offer a more comprehensive
orthopaedic service however will find this chapter lacking in
detail, and further orthopaedic training and reading will be
essential."”

INFECTION IN BONE

Most elective orthopaedic surgery is ‘clean’ surgery, in as
much as the bone is approached through prepared skin,
and the risk of contamination from respiratory, urinary or
gut organisms is minimal. If infection is introduced into
bone the consequences can be disastrous, especially if for-
eign material (e.g. an internal fixation device or a prosthe-
sis) is to be left in situ. Meticulous aseptic technique is
mandatory and, for joint replacement work, a dedicated
theatre and additional methods to maintain extra clean air
are needed if infective complications are to be avoided.
Elective surgery should be postponed if the patient has any
septic focus. The surgery is routinely covered with prophy-
lactic antibiotics (see Appendix II), but general methods of
preventing the conditions predisposing to infection, as dis-
cussed in Chapter 1, are equally important. Surgical
trauma can be minimized by gentle tissue handling and
haematoma formation can be reduced by meticulous
haemostasis, with postoperative vacuum drainage when
appropriate.

A compound fracture is already contaminated, and early
wound toilet is mandatory to prevent infection becoming
established. Risk of infection in compound fractures varies.
The fracture may be compound merely because the fractured
sharp end of a superficial bone has punctured the skin from
within. Alternatively, there may be extensive soft tissue dam-
age from a direct blow from without, which has also carried
soil and clothing into the shattered bone and damaged soft
tissues. The management of the associated soft tissue and
vascular damage is discussed in Chapters 3 and 5.
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Osteomyelitis

ACUTE OSTEOMYELITIS

This condition requires urgent treatment with antibiotics,
which are most effective when administered intravenously to
guarantee high blood levels. The commonest organism is
Staphylococcus aureus, and an appropriate antibiotic for this
organism is chosen, while results of blood cultures are
awaited. Salmonella infections are common in patients who
have sickle cell disease. If there is not a dramatic improve-
ment within 24 hours, trapped pus must be suspected and
drained. With late presentation pus may already have
formed, and delaying surgical drainage further for a trial of
antibiotics is contraindicated. In the developed world
osteomyelitis is no longer common; when it does occur it
usually presents early, settles on antibiotic therapy, and sur-
gical drainage is seldom required.

The increased pressure from the inflammatory swelling
and trapped pus, compromises bone perfusion. In addition,
subperiosteal pus strips the periosteum with the nutrient
arteries off the underlying bony cortex. Thus, untreated
osteomyelitis rapidly progresses to ischaemic necrosis of
bone. A state of chronic osteomyelitis is then established
which can last a lifetime. In the child, damage to the adjacent
growth plate may cause long-term sequelae and, in the very
young, metaphyseal osteomyelitis may spread into a neigh-
bouring joint with resultant septic arthritis.

Surgical drainage consists of an incision down to bone at
the level of maximum tenderness and swelling. Any sub-
periosteal abscess is evacuated, and several drill holes are
then made through the cortex of the metaphysis to allow the
release of an intra-osseous abscess. The skin incision may be
closed over a vacuum drain, but the wound should remain
visible for inspection. A plaster cast should be applied if there
is any danger of a pathological fracture developing, but a
window must be cut for wound inspection.

CHRONIC OSTEOMYELITIS

This condition is characterized by chronic bony sepsis asso-
ciated with necrotic bone. The dead bone forms a ‘foreign
body’, and any organisms which persist within it are safe
from high blood levels of antibiotics. Eradication of infec-
tion, and finally healing, is only possible after the removal of
any sequestra of dead bone. At operation, abscess cavities
within the bone are deroofed, and any sequestra — which are
recognized by their white appearance — are lifted out. This is
usually easy if all overhanging bone has been removed, and
sequestra are lying free within the pus. Involucrum (new
bone) laid down around a sequestrum may make the surgery
more difficult. All the dead bone must be removed and, if
encased within involucrum, much of this healthy new bone
may have to be sacrificed. However, if the need for major
bony reconstruction is to be avoided, the retention of some
involucrum may be essential to maintain the integrity of the

bone. The dead space can then be filled with viable soft tissue
such as a muscle flap (see Chapter 3).

SURGERY OF BONE: BASIC SURGICAL
TECHNIQUE

Most surgery on soft tissue consists of dissection, following
an anatomical plane, and the approximation of tissues with
sutures. The skills required for surgery on bone are very dif-
ferent.? Bone cutters will cut a thin bone, and small pieces of
bone can be removed with bone nibblers. Larger bones may
be cut with a classical hand saw, while the soft tissues are
retracted so that they are not damaged. Retraction is difficult
in some circumstances. A Gigli saw is useful where access is
difficult (Fig. 4.1), and a combination of techniques may
solve a difficult problem. Hand-held electric saws with an
oscillating circular blade have overcome many of the prob-
lems, both of access and of potential soft tissue injury. Bone
may also be cut using an osteotome and hammer. Drill holes
in bone can be made by a hand-held brace and bit but, now
more commonly, by an electric drill. Drills have many fur-
ther uses in the surgery of bone. They are used to introduce
Kirschner wires and guide wires, and the pins for skeletal
traction. They may be used to drill a hole through the bone

Figure 4.1 Access to bone with a classical saw may be obstructed
by soft tissue. A Gigli saw overcomes this problem. It can also be
used to divide a flat bone (e.g. ilium or cranium) between two drill
holes. Modern electric circular saws are now preferred in most
situations.
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for a screw, or to make a shallow hole which can be gripped
by the tongs used for skull traction. A hole may also be
required for a ligature for soft tissue re-attachment, or for a
wire to fix two pieces of bone.

Bone cannot be sutured directly, and alternative methods of
attaching soft tissue to bone have been devised (see Chapter 3).
If bone-to-bone apposition requires stabilization, this may be
achieved by placing a screw (Fig. 4.2a), an intramedullary rod
(see Fig. 4.10) or a Kirschner wire (see Fig. 4.5) from one piece
of bone into the other. This may require open apposition of
bone ends or, in some techniques, the apposition can be
achieved by a closed method, and the wire or pin inserted per-
cutaneously at a distance from the fracture site. Bone can also
be wired together around pins inserted into the bone (see
Fig. 4.6), or a plate may be laid over the fracture, and the plate
fixed to both segments with screws (Fig. 4.2b). A bone staple is
another method of fixation (Fig. 4.3a). An alternative to fixa-
tion within the tissues is a rigid external ‘fixator’ outside the
limb, to which pins are fixed which have been drilled into the
bony fragments (see Fig. 4.12).

BONE HEALING IN FRACTURES AND IN
ELECTIVE ORTHOPAEDIC SURGERY

Bone ends in apposition normally heal. Initially there is a
haematoma between the ends, and fibroblasts and capillary
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Figure 4.2  (a) Screw fixation across a fracture. The screw should
cross the fracture at right-angles. ‘Overdrilling’ of the proximal
cortex results in compression of the fracture as the thread ‘bites’ in
the distal cortex. (b) Internal fixation of a fracture with a plate must
hold the bone ends in apposition. Additional compression of the
fracture can be achieved by a variety of techniques. The simplest is a
plate with obliquely bevelled oval screw holes. As the sloping

shoulder of the screw is tightened against the plate the small lateral
movement compresses the fracture.

loops grow into the haematoma. As the first bone is laid
down the callus between the bone ends becomes visible on X-
ray. Organization within the callus results in increasing
strength. Finally, remodelling of the bone occurs which com-
pensates for minor mal-alignment of the fracture. This
process occurs spontaneously after most fractures, and many
heal satisfactorily without any intervention. Skull, rib, minor
vertebral, pubic, clavicular, humeral, metacarpal and digital
fractures are all examples. Some form of splintage may
reduce pain, but is not essential for healing.

MAL-UNION

If a grossly displaced fracture is allowed to heal without
reduction into a satisfactory alignment, the fracture is
described as ‘mal-united’. Compensatory remodelling will be
insufficient to restore normal anatomy. The deformity may
be from overlap of bone ends and subsequent limb shorten-
ing, from angulation, or from rotation at the fracture site.
Even after an initial satisfactory reduction, significant mal-
alignment recurs if the forces across the fracture displace the
alignment of the bone ends. In these situations stabilization
of the fracture site is essential for satisfactory healing. In
some instances traction is suitable, whilst in other fractures
either external or internal fixation of the fracture may be
more appropriate.

Fractures into a joint form a subgroup in which even minor
degrees of malalignment are unacceptable. Accurate apposi-
tion of articular surfaces is essential to avoid post-traumatic
arthritic changes in the joint.

NON-UNION

A non-united fracture is one in which no rigid bony bridge
has formed between the bone ends. Instead, there is a bridge
of fibrous tissue. A few fractures are notorious for problems
with non-union. The distal tibia, the scaphoid and the
femoral neck are probably the three most common, and in
the latter two cases the underlying problem is, at least in part,
a poor blood supply to one fragment of bone. Rigid immobi-
lization of the fracture site improves the chances of satisfac-
tory healing.

Fracture immobilization

EXTERNAL SUPPORT

If a fracture requires immobilization, the simplest method is
an external plaster of Paris splint, after reduction of the
fracture if necessary.’ In order to immobilize the fracture of
the shaft of a long bone, the plaster must extend to include
the joint both proximal and distal to the fracture. However,
fractures in the vicinity of a joint can normally be satisfacto-
rily immobilized by a cast which includes that joint, but
which stops short of the second joint. For example, a fracture
of the tibial shaft requires a plaster of Paris splint which



52 Surgery of bone and amputations

ST

Shallow
socket

Figure 4.3  Osteotomy. (a) Osteotomy of the proximal tibia to
correct a varus deformity. A wedge of bone has been excised and the
new position held with a bone staple. (b) An innominate osteotomy
which alters the angle of the shallow acetabulum of a congenital
dislocated hip. The wedge opening is packed with cancellous bone
chips. (c) Wilson's osteotomy for hallux valgus.

includes the knee and ankle, whereas a malleolar fracture
only needs a below-knee cast, and a tibial platform fracture
requires a plaster cylinder extending from the upper thigh
to above the ankle. The disadvantages of an external rigid
cast are immediately apparent. One or two joints are to be
held immobilized for 6-12 weeks, with resultant stiffness
(see Chapter 3) and the plaster may be very heavy and
make nursing difficult. (This is a particular problem when
a hip spica is applied for a fractured femur.) The injured
limb is hidden from view, and if there is an associated soft
tissue injury which needs attention, windows have to be
cut in the plaster. In addition, an external plaster cannot
hold accurate bone apposition, as is ideal for an intra-
articular fracture.

OPEN FIXATION

Open fixation of a fracture overcomes many of these prob-
lems.* Fracture apposition, which is so important in an intra-
articular fracture, can be more accurate. The healing phase is
generally more efficient and precise, without the need to lay
down a large mass of callus followed by remodelling. The
fractured bone is stabilized but the joints are kept mobile, and
soft tissue wounds are more accessible. There is, however, the
disadvantage of a skin wound. Healing of this wound, which
is often through tissues that are already traumatised, may be
troublesome and there is the possibility of introducing infec-
tion. Compound fractures may be grossly contaminated, and
the introduction of an internal fixation device in this situa-
tion can increase the danger of osteomyelitis. The cosmetic
implications of the scar may be distressing to some patients.
The later removal of the plate or screw may be indicated, and
this will require a second operation. (If a plate is left in situ
the natural stress lines within the bone are distorted, and it is
at increased risk of further fracture, usually at the ends of the
plate.) In addition, a bone is at increased risk of a fracture for
a period after the plate is removed. Internal fixation also has
the potential for increasing the chance of non-union by hold-
ing the bone ends apart. Most plates and screws are now
designed so that they compress the fracture to reduce this
problem (see Fig. 4.2a and b).

If a pathological fracture occurs through a bony metasta-
sis healing will not occur spontaneously. Local radiotherapy
may allow the fracture to heal and is often all that is
required in, for example, a fracture of the pubic ramus or
vertebral body. If, however, the fracture itself requires pro-
longed immobilization or traction, open fixation — in addi-
tion to radiotherapy — will improve the quality of the
patient’s remaining life.

Elective surgery on bone

Principles of bone healing are used by orthopaedic surgeons
in some simple elective procedures:
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e Osteotomy. A bone may be cut, and realigned, to correct
a deformity. Three variants are shown in Figure 4.3.

e Arthrodesis. If the articular cartilage of a joint is
destroyed by inflammation, spontaneous bony union
(ankylosis) may occur. This can produce a rigid, but
stable and pain-free, joint. It is therefore most important
that the joint is immobilized in the optimum position
for function (see Chapter 3). A similar situation can be
achieved surgically by arthrodesis. The articular cartilage
and underlying cortical bone are excised, and the two
denuded bone ends are then fixed in apposition (see Fig.
4.14). The addition of a bone graft across the joint is
also sometimes employed.

e Excision arthroplasty. If fractured bone ends are not in
apposition, a non-union or loose fibrous union may
result. This principle is used in excision arthroplasty. It
gives good results in non-weight-bearing joints such as
an interphalangeal joint, where it can be useful for a
claw toe deformity (Fig. 4.4). Despite the fact that the
hip is a major weight-bearing joint an excision
arthroplasty (Girdlestone’s operation) is a valuable
operation for a severely damaged hip, if a joint
replacement is not possible (see Fig. 4.11).

¢ Joint replacements. Artificial joint replacements
(arthroplasties) are now possible for many damaged
joints. The fixation of the prosthesis to the bone, to
maintain a long-term rigid bond, was one of the most
difficult early challenges for this surgery. This specialist
orthopaedic surgery cannot be covered in a general
surgical operative text.

* Bone grafting. This may be performed with either can-
cellous or cortical bone. Bone grafts do not survive, but
act as a trellis for the formation of new bone. Bone allo-
grafts, if available, are as satisfactory as the patient’s own
bone; both are absorbed and replaced, and therefore
immunological rejection is not an issue. Small grafts are
more rapidly replaced than large, and the least possible
amount of bone should be used. Cancellous bone is
more easily vascularized, and offers less volume of bone
to be re-absorbed. It is therefore preferred unless there is
an overriding mechanical requirement which demands
the denser, stronger cortical bone. A cortical bone graft
can be used as a ‘strut’, or as a stabilizing ‘pin’ or ‘plate’.

Figure 4.4 Excision athroplasty is a satisfactory operation for a
painful non-weight-bearing joint.

The fibula, or a portion of rib, make an ideal strut or pin,
and a rectangle of cortical bone can be cut from the tibia
and used as an on-lay plate. A cortical strut of bone can
be used in reconstructive surgery; for example, to bridge
a mandibular defect after a radical excision for cancer of
the floor of the mouth. The iliac crest is the favoured site
for harvesting the more useful cancellous bone. Bone
grafting techniques are of value in arthrodesis of some
joints, and may also be used across a fracture which has
formed an unstable fibrous union. They are, however,
used less frequently with the development of more
sophisticated internal fixation devices.

A general surgeon, whose practice also includes
orthopaedics, may wish to undertake some of the simpler
elective orthopaedic procedures. Unfortunately, space does
not permit their inclusion in a general surgical operative
textbook, and orthopaedic texts should be consulted.
However, individual fractures and the surgical approaches to
the long bones are discussed briefly, along with a few selected
orthopaedic procedures. It is hoped that this, combined with
the general principles outlined above, may be of some value
to a general surgeon who finds him or herself forced by cir-
cumstance to stray into orthopaedic territory.

SURGICAL EXPOSURE AND THE MANAGEMENT
OF SPECIFIC FRACTURES

Cranial bones

Fractures of the skull and access to the brain are discussed in
Chapter 8.

Faciomaxillary skeleton

Fractures of the zygoma, maxilla and mandible are discussed
in Chapter 10.

Vertebral column

Minor stable fractures may need little treatment other than
pain relief. In unstable fractures the major concern is protec-
tion of the spinal cord, and this can often be achieved by the
external support of special beds or plaster shells or, in the
case of cervical fractures, with traction. Operative fixation
has many advantages in allowing early mobilization, but
these are not operations for a surgeon unfamiliar in this ter-
ritory, as the potential for secondary spinal cord damage
should not be underestimated. Internal fixation between ver-
tebral bodies requires an anterior approach which can be
technically demanding and, in the thoracic spine, will neces-
sitate a thoracotomy. A posterior approach is directly onto
the more superficially placed veterbral arches, but the patient
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must be turned, and additional spinal cord insult can occur
from this manoeuvre alone. Additionally, in general,
anterior fixation between vertebral bodies gives greater
skeletal stability than posterior fixation between vertebral
arches. Conservative management will often be the safer
option for a general surgeon.

The position of an unstable cervical spine fracture can be
maintained in cervical traction, which can also be used for
the reduction of a cervical dislocation. Traction is attached
to skull callipers, which grip the outer table of the skull,
and the patient is nursed on his or her back in a 10-degree
head-up tilt. The patient’s weight in this position provides
the counter-traction. Alternatively, a four-point skull
fixation to an external halo attached to a body jacket will
allow the patient to be ambulant. When there is an unstable
cervical fracture, the drill holes for the pins of the skull
callipers are safer established under local, rather than
general, anaesthesia. The anaesthetic agent must be infil-
trated deeply to include the pericranium. A 2- to 3-cm
incision is made a few centimetres above the external
auditory meatus on both sides. The pericranium is incised
and a small area of bone bared. The outer table of the skull
is then drilled, with the guard preventing the drill from
penetrating too deeply.

Surgery to decompress a spinal cord, perhaps threatened
by a disc prolapse or an abscess, is an emergency, but one
which should be transferred if at all possible to specialist serv-
ices. Occasionally an isolated surgeon may have to proceed
and, if pus causing the compression can be drained, there is a
good chance of success. This is discussed further in Chapter 8.

Elective surgery of the vertebral column is highly special-
ized, and is unsuitable territory for the occasional operator in
this field.

Ribs, sternum, scapula and clavicle

Surgical stabilization of these fractures is seldom required.
The injuries are important, not in terms of their damage to
the skeletal system but as an indicator of likely damage to
underlying organs. A fractured sternum may be associated
with contusion to the heart. A severely displaced fracture or
dislocation of the clavicle can be associated with trauma to
the major vessels of the superior mediastinum, or with com-
pression of the trachea. A fractured rib may tear an inter-
costal vessel, or the underlying lung, with subsequent
haemothorax or pneumothorax, and there will also
inevitably be underlying lung contusion. Multiple rib frac-
tures may cause mechanical difficulties with breathing. The
management, however, is mainly of the underlying organ
trauma and is discussed further in Chapter 7.

Clavicular fractures, even when displaced, seldom
require formal fixation. However, in a severe avulsion-type
upper-limb injury there may be a partial brachial plexus
injury and associated concern over major vessel damage in a
severely injured patient. A fractured clavicle may be the only

apparent skeletal injury in the region, even though there is
often significant tearing of scapular musculature and the
whole shoulder girdle is ‘floating’. These patients may have
severe head and chest injuries, and it is easy to ignore an
apparently minor clavicular fracture. However, in this
situation, internal fixation of the clavicle is indicated to
stabilize the shoulder girdle. A simple plate across the
fracture site is suitable. Sternal division, rib resection and
clavicular division are all employed to gain access to the
heart, great vessels and lungs. The techniques are discussed
in Chapter 7.

Humerus

Many humeral neck and shaft fractures heal with minimal
intervention. External stabilization with a plaster cast is
unsatisfactory and, if rigid fixation is deemed necessary, an
intramedullary nail is the usual choice. For example, rigid
fixation of any fracture is normally mandatory in circum-
stances when there has been associated damage, and
subsequent repair, to an artery or nerve. The radial nerve
is occasionally torn by a mid-shaft fracture and, if
division is suspected, surgical exploration is indicated (see
Chapter 3).

Supracondylar fractures are common in childhood. The
elbow, with the distal humoral fragment, is displaced
posteriorly; this causes the brachial artery to be stretched over
the deformity and to be endangered by the sharp bone ends.
If the artery is undamaged, closed reduction of the fracture
usually restores the radial pulse, and the elbow is then held in
acute flexion in a high collar and cuff sling. If the pulse is
again lost, it may be only due to compression from swelling,
and straightening the elbow may restore it. The fracture can
then be managed temporarily by skin traction, while resting
the limb on a splint until any swelling has subsided. If any
concern remains over the artery, it should be explored as
described in Chapter 5. The surgeon should be alert for a
developing compartment syndrome (see Chapter 3), which is
a not uncommon complication of this injury. Increasing
pain, exacerbated by passive extension of the fingers, is an
indication for fasciotomy of the flexor compartment of the
forearm. Supracondylar fractures, and fractures of the medial
and lateral epicondyle, can also be managed by open
reduction and fixation with a Kirschner wire (Fig. 4.5). The
wire is drilled into the distal fragment, the fracture reduced,
and the wire advanced across the fracture into the main
portion of the humerus.

The shaft of the humerus can be approached anteriorly or
posteriorly. The anterior approach to the proximal shaft is
between deltoid and pectoralis major, and a cephalad exten-
sion of this incision is used for anterior access to the shoulder
joint. More distally, the anterior approach is through an inci-
sion placed just lateral to the lateral border of biceps. The
cephalic vein and biceps are retracted medially to expose
brachialis, which is then split in the direction of its fibres. The
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Figure 4.5 The reduction of an unstable supracondylar fracture
may be held with Kirschner wires.

posterior approach to the shaft of the humerus is between the
long and lateral heads of triceps. The radial nerve must be
identified and preserved. The humeral condyles are superfi-
cial and access is straightforward through a medial, lateral or
posterior longitudinal incision, depending upon the position
of the fracture. The ulnar nerve, lying posteriorly on the
medial side, must be safeguarded.

Radius and ulna

Olecranon fractures cross an articular surface, and the triceps
pulls the fragments apart. Open fixation is therefore indi-
cated, and tension wiring may be employed. Two Kirschner
wires are introduced across the reduced fracture, via a poste-
rior approach. A drill hole in the ulna allows a wire figure-of-
eight to be formed around the Kirschner wires and through
the hole and then tightened (Fig. 4.6). Radial head fractures
may be treated conservatively but, if comminuted and dis-
placed, the radial head is better excised. A dislocated radial
head requires surgery for accurate reduction, and repair of
the annular ligament. The radial head can be approached pos-
teriorly in both these situations. The associated ulnar fracture

Figure 4.6 A hole is drilled in the ulna and Kirschner wires are
inserted across the fracture from the olecranon fragment. Tension
wiring compresses and further stabilizes the fracture.

then requires open fixation. Mid-shaft combined radial and
ulnar fractures cannot be held satisfactorily by external splin-
tage. Open fixation with plates is performed through two sep-
arate incisions. The ulna is easily approached posteriorly,
where it can be felt subcutaneously. The radius is approached
anteriorly by an incision along the medial border of brachio-
radialis. The muscle is then retracted laterally, together with
extensor carpi radialis longus and brevis. The radial nerve is
on the deep surface of brachioradialis and is displaced later-
ally. The radial vessels are retracted medially with the anterior
muscles. Distal radial fractures seldom require operative
intervention. If reduction cannot be maintained, a Kirschner
wire across the fracture site may be helpful.

Hand

Most fractures of the hand heal without intervention. A
scaphoid fracture requires rigid immobilization, but closed
treatment is usually satisfactory. Metacarpal and phalangeal
fractures often require little treatment. Displaced unstable
fractures may be held with Kirschner wires, and this is more
often indicated in fractures of the thumb and first
metacarpal. Compound fractures, associated with tendon
and digital vessel trauma, require very careful assessment as
early amputation may be the best option (see later). If it is
possible to save useful digits, any flexor tendon repair
required should probably be delayed. Preservation of func-
tion in a severely damaged hand by splintage and physiother-
apy is most important (see Chapter 3).

Pelvis

Many minor fractures of the pubic rami, or blade of the
ilium, without disruption to the pelvic ring, require no inter-
vention. Displaced anterior fractures may be associated with
bladder or urethral injuries (see Chapters 24 and 25). An
unstable anterior fracture can be stabilized by using a simple
plate. Fractures through the acetabulum often lead to later
arthritis of the hip. They may be treated with skeletal trac-
tion, as discussed below, but more accurate open reduction
of the bone, and internal fixation, allows earlier mobilization
and may give a better final outcome. These injuries are some-
times associated with pelvic organ, or vascular damage, and
cooperation in management is needed between specialist
surgeons.

Major pelvic ring disruption may be a life-threatening
injury. It most often takes the form of an anterior fracture
which opens on a ‘hinge’ formed by a disrupted sacro-iliac
joint, or a fracture in the vicinity of this joint. Major force has
caused this injury and there may also be damage to bladder,
urethra and rectum. The initial life-threatening problem,
however, is haemorrhage from torn pelvic veins. The
retroperitoneal pelvic haematoma further opens the pelvic
ring, and the increasing distortion of normal anatomy results
in additional venous disruption. The patient may also have
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severe injuries in the upper abdomen and chest, and the cor-
rect decisions over surgical priorities are essential for a suc-
cessful outcome. The pelvis must be stabilized urgently in the
accident department to prevent further opening of the pelvic
ring with subsequent venous tearing (Fig. 4.7). Stabilization
also compresses the haematoma and reduces the venous
haemorrhage.” Laparotomy, unless mandatory for some
other intra-abdominal injury, is not indicated. Exploration
of the haematoma will obviously remove all tamponade
effect, and venous bleeding will again increase.

If the haematoma is still increasing after pelvic fixation —

Figure 4.7 External stabilization of a pelvic fracture is the most
effective manoeuvre to reduce venous bleeding from torn posterior
pelvic veins. The lateral pins are inserted percutaneously into the
lateral surface of the ilium and the two side arms pulled inwards to
close the opened pelvic ring. Rotation of the device allows access for
a laparotomy.

and especially if additional arterial bleeding is suspected —
then interventional radiology, if available, is the best
management option. Angiography, and embolization of
bleeding vessels, can be very successful.® The alternative
of surgical exploration is difficult. The bleeding site itself, of
torn veins within a haematoma, is relatively inaccessible,
and veins which have torn where they emerge from the
ilium may not be amenable to surgical suture. Ligation of
the internal iliac artery or vein on the affected side is less
effective than selective embolization as the ligation is some
distance from the bleeding point, and the extensive cross-
circulation within the pelvis maintains blood flow through
the damaged vessels.

ILIAC BONE GRAFTS

Cancellous bone may be harvested from the iliac crest for use
as a bone graft. An incision is made parallel to, and just
below, the crest extending from the anterior superior spine
posteriorly as far as required. The lateral surface of the ilium
is exposed subperiosteally, the crest with its attached muscles

is detached with an osteotome and reflected medially, care
being taken to leave the anterior spine undisturbed. The
medial aspect of the ilium is then exposed. Thin slivers of
cancellous bone are cut from the exposed margin of the
ilium, with five or six slivers, each 6-10 cm in length, being
sufficient for most purposes. The detached crest is then
sutured back to the periosteum and muscles on the outer
face of the ilium.

Femur and hip joint

Intertrochanteric fractures, and fractures of the femoral
neck, are mainly fractures of the elderly. Although the for-
mer may heal with traction they are better treated by internal
fixation. Femoral neck fractures heal poorly. They require
rigid intramedullary fixation across the fracture line, or pros-
thetic replacement of the femoral head. Stabilization must be
of sufficient strength to allow immediate weight bearing and
avoid prolonged immobilization of an elderly patient
(Fig. 4.8). The treatment of these common fractures
involves skills which the true surgical generalist may wish
to acquire if his or her practice is to include orthopaedics.
The operations are not included here as, unless a general
surgeon has planned a relatively comprehensive ortho-
paedic service, he or she will not have the equipment and
skills necessary to undertake these operations. In addition,
the technique varies with the equipment available. The
operative management of congenital dislocation of the hip,
and the surgery for hip replacement, are excluded for the
same reasons.

Figure 4.8 Internal fixation of a hip fracture should be sufficiently
robust to allow early weight-bearing. Intraoperative X-rays are
necessary for the accurate placement of the pin or screw along the
femoral neck into the proximal fragment.
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Fractures of the femoral shaft may be treated with a plaster
of Paris cast, but the method is seldom used except in child-
hood. The plaster is very heavy as it extends both up around
the pelvis and down to below the knee. It does however allow
a child to be nursed at home. Accurate apposition, and rigid
immobilization, are not essential for the healing of these
fractures, but overlap and shortening must be avoided. The
simplest form of treatment is therefore traction, with the
limb supported on a Thomas splint (Fig. 4.9a). The alterna-
tive ‘gallows’ traction is suitable for a baby or toddler (Fig.
4.9Db). Skin traction is very satisfactory in children as the skin
is relatively strong, the traction required is less, and the
duration of traction required is approximately half that
required for an adult. Skeletal traction is usually preferred in
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Figure 4.9 Accurate apposition and rigid immobilization are not
essential for femoral shaft fractures, but traction is required to
prevent overlap. (a) Skeletal traction in a Thomas's splint. (b)
‘Gallows’ skin traction in a baby.

an adult and, with balanced traction, allows flexion of the
knee to maintain the range of movement. A Steinmann or
Denham pin is introduced, under general or local anaesthe-
sia, through the upper tibia just posterior to the tibial
tubercle. The weight required is around 10 kg in an adult.
Alternatively, intramedullary nailing of the fracture can be
used to avoid the long period in traction (Fig. 4.10).
Fractures of the femoral condyles, and supracondylar
fractures, are often better treated with a pin to stabilize the
reduction. The possibility of associated popliteal vessel
damage must be considered.

The upper femoral shaft is most satisfactorily approached
through a posterolateral incision. The vertical skin incision is
continued through tensor fascia lata, and then deepened to
bone at the posterior border of vastus lateralis. Distally, the
femoral shaft is more easily approached anterolaterally
between vastus lateralis and rectus femoris.

The optimal treatment of a severely damaged hip joint is a
prosthetic replacement, and this is now one of the com-
monest elective orthopaedic operations in the developed
world. Many patients are elderly, and the commonest under-
lying pathology is osteoarthritis. In areas of the world with a
poor standard of living and limited health facilities, severely
damaged hip joints are common and the patients are often
young. The original underlying pathology may be a tubercu-
lous or pyogenic arthritis, or a premature osteoarthritis in a
joint damaged by untreated trauma. Prosthetic hip replace-
ment is often unavailable to these patients, but a Girdlestone
excision arthroplasty can restore a pain-free weight-bearing
limb with a good range of hip movement. No specialist
equipment or skills are needed and, as it may be of value to
the isolated generalist, this now almost historic operation is
described.

The patient is placed on his or her side. The incision is
from the posterior superior iliac spine, over the greater
trochanter, and then distally in line with the femur. Gluteus
maximus is divided in line with the skin incision, exposing

Figure 4.10 An intra-medullary nail in situ after an open
insertion. More sophisticated closed locked intramedullary nails
are now widely used.
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the short rotator muscles of the hip joint. Figure 4.11 shows
the portion of bone which is excised. Postoperatively, trac-
tion for 4-6 weeks allows firm scarring and prevents flexion
deformity, telescoping and limb shortening.
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Figure 4.11 Extent of the bone resection in a Girdlestone
pseudarthrosis. This old operation still has a role when a joint
replacement is not possible.

Tibia and fibula: the knee and ankle joint

The possibility of damage to the popliteal vessels must be
considered in any severe skeletal injury around the knee.
Angiography should be employed if there is any concern over
distal pulses, and if this does not exclude arterial injury the
vessel should be explored. The surgeon must remember that
an intimal tear in an intact artery can progress to a throm-
botic occlusion which can easily be overlooked in a patient
whose limb is encased in plaster of Paris (see Chapter 5).
Fractures of the tibial plateau that cross the articular surface
of the knee joint require accurate reduction to reduce the risk
of later osteoarthritic changes. The reduction often has to be
held with a pin. Small bony fragments separated from the
upper tibia should alert the surgeon to a possible avulsed lig-
ament. A patella fracture which is not reduced will cause
underlying arthritis. The reduction must then be held by a
screw, or tension wiring, but if comminuted, the patella is
better excised.

Tibial shaft fractures can often be treated satisfactorily by
closed reduction and immobilization in a full-length plaster
of Paris cast. Open fixation with a plate (Fig. 4.2b) may be
preferred, but a plate which does not compress the fracture
site — or which introduces infection — will cause major prob-
lems. Severe injuries, with associated vascular and soft tissue
damage, require interdisciplinary cooperation to save the
limb (see Chapters 3 and 5). Restoration of blood supply is
crucial but the vascular surgeon requires limb stability to
proceed with fine vascular anastomoses. Rigid external fixa-
tion is ideal in this situation (Fig. 4.12).

Fibular fractures are of little significance except in the dis-
tal quarter where they may compromise the alignment, or
stability, of the ankle joint. Fractures of the medial and lateral
malleoli are important if there is disruption of the ankle
mortis. Minor fractures may be reduced and held in plaster
of Paris. More major fractures should be stabilized by inter-
nal fixation (Fig. 4.13).

Figure 4.12 A tibial fracture can be reduced and then stabilized
with an external fixator. This can be a temporary solution while a
vascular repair is undertaken, or it can be the chosen method of
stabilization during bony healing. It is of particular value when
extensive soft tissue trauma and contamination makes the use of
internal fixation unwise.

Figure 4.13 Accurate apposition is necessary when a fracture
involves a joint.
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A patient with an unstable knee may benefit from recon-
structive ligament surgery, whilst one with a painful arthritic
knee may benefit from a joint replacement. These are both
specialist orthopaedic operations. Arthrodesis of a knee can
give a sound weight-bearing limb and may still have a place
when a joint replacement is not available (Fig. 4.14).
Through an anterior transverse incision, the knee joint is
entered by division of the patella tendon. The knee is flexed
to expose the cruciate and collateral ligaments which are
divided. The joint surfaces are then resected, and the cancel-
lous bone ends held in compression apposition as shown.
Correct alignment, and 15 degrees of flexion, are important
for good function.
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Figure 4.14 Arthrodesis of a severely damaged knee is an option
when a joint replacement is not possible. The articular surfaces are
resected and Steinmann pins inserted to which the Charnley
compression apparatus is fixed.

Feet

Most fractures of the feet need no intervention other than
support for pain relief. A crush fracture of the calcaneum,
however, distorts the subtalar joint making subsequent
degenerative change inevitable. The articular surface can be
levered back into position with an instrument inserted into
the body of the calcaneum from a posterolateral approach.
Severe degeneration can be managed with a triple arthrode-
sis of the subtalar and midtarsal joints. Much of the elective
orthopaedic surgery of the feet follows the general principles
of osteotomies to correct malalignment, and excision arthro-
plasties of damaged joints.”

AMPUTATIONS: INDICATIONS AND GENERAL
CONSIDERATIONS

The amputation of a limb — or part of a limb - is required
when the vitality of the part is destroyed by injury or disease,
or when the life of the patient is threatened by infective or
malignant pathology in the extremity. Amputation may also
be indicated for a deformed or paralysed limb, which is of
little functional use to the patient, particularly in those
instances where an artificial limb would be of greater value.

Trauma

In severe trauma the decision of whether to amputate or per-
severe with limb salvage is not always straightforward.
Vessels and nerves can be repaired, and it may even be possi-
ble to re-attach a totally severed limb if the injury has been a
sharp amputation rather than an avulsion. However, in gen-
eral, if a limb has received a blunt injury which has severed
the bone, in addition to causing vascular and nerve damage,
the final result from salvage surgery is likely to be disap-
pointing. The division of bone is often already completed
and can be accepted as the level for amputation, if adequate
soft tissue cover is possible (Fig. 4.15). In other situations,
the considerations of soft tissue cover dictate the level of
bone division (Fig. 4.16). In some instances, the stump
length will have to be shortened to make it suitable for a
future prosthesis, but in general extra length is beneficial. If
the trauma is recent and relatively clean, it may be possible
after careful wound toilet and with antibiotic cover, to
appose the soft tissue definitively with a few loose sutures
over a drain. This may also be appropriate when a patient
presents early with an injury such as that sustained from a
landmine explosion, provided that wound toilet is meticu-
lous.” However, when a patient presents late with such a
wound, it is unwise initially to do anything other than excise

Figure 4.15 In severe trauma bone division is often complete and
dictates the level of amputation if soft tissue cover is possible. A
single flap may make the best use of viable soft tissue.
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Figure 4.16 Severe soft tissue loss of palmar skin and tendons
necessitates a proximal amputation despite intact bone.

non-viable tissue, and proceed to the fashioning of the defin-
itive stump several days later. Occasionally, amputation is
necessary when trauma has caused little damage except that
it has severed a major vessel, and vascular reconstruction has
been impossible or unsuccessful. The considerations are then
more ischaemic than traumatic, but with the advantage that
the patient does not have the generalized advanced athero-
sclerosis which complicates most amputations for limb
ischaemia.

Deformity and paralysis

In considering the indications for amputation it is necessary
to make a clear distinction between the upper and lower
extremities. It is important to preserve length and stability in
the lower limb. Stability of a paralysed limb, without associ-
ated deformity, can usually be achieved with external calliper
support. A deformed, shortened, unstable lower limb may be
the result of a congenital malformation, or the end result of
severe trauma, septic arthritis or osteomyelitis, especially if it
occurred in early childhood and the growth of the bone was
arrested. Whatever the initial pathology, if corrective surgery
cannot achieve a weight-bearing limb, the patient will be bet-
ter served by an amputation to allow the fitting of a prosthe-
sis.

Stability and length are not crucial to useful function in
the upper limb, and a grossly deformed, or shortened, limb is
often of more use than a prosthesis. However, the retention
of a paralysed upper limb is of little benefit to the patient who
may request an amputation.

Malignancy

In most soft tissue sarcomata, the excision of a compartment
of soft tissue is adequate local treatment. In bone sarcomata,
advanced reconstructive techniques have allowed radical
excision of the bone primary with preservation of the limb.

However, a limb amputation is still occasionally the only sur-
gical option. In subungual melanoma a distal digital amputa-
tion is necessary to achieve a radical tissue margin.

Infection

Amputation is indicated as an urgent life-saving intervention
in infective gangrene. Gas gangrene is the most serious form
of this, and is discussed in Chapter 3. Gangrene was tradi-
tionally divided into ‘wet’ and ‘dry’ gangrene. An infective
gangrene is always a ‘wet’ gangrene. There is a rapid deterio-
ration of the patient due to absorption into the systemic
circulation of chemicals released from dead tissue, and delay
in amputation inevitably leads to death from multiple organ
failure.

Peripheral arterial occlusive disease

This accounts for over 90 per cent of amputations in the
Western world. Unless there is already irreversible ischaemic
damage, restoration of tissue perfusion by arterial recon-
struction (or angioplasty) must be considered initially in an
effort to avoid amputation. Amputation is reserved for situ-
ations where this has failed, or has been shown to be imprac-
tical. An amputation may be carried out at the stage of severe
intractable ischaemic rest pain and incipient gangrene, or for
established gangrene. An ischaemic gangrene may be either a
‘wet’ or a ‘dry’ gangrene. Urgent amputation is mandatory
for wet gangrene. The ‘dry’ variety, with black desiccated dig-
its or distal foot, is associated with minimal systemic toxicity.
There is no urgency for amputation, and eventually demar-
cation and separation will occur. Awaiting this natural reso-
lution may sometimes result in preservation of more tissue
than if an early surgical amputation is performed, but a sur-
gical amputation is usually preferred. This form of dry gan-
grene is also seen in frostbite.

In general, in peripheral arterial occlusive disease the
amputation is performed at the most distal level consistent
with healing. Many of these patients have widespread disease
of the vascular tree with major vessel involvement, and sur-
gery for gangrene of the toes usually necessitates an amputa-
tion at mid calf, or even above the knee, unless perfusion of
the limb can be improved by arterial reconstruction, or
angioplasty. It must be remembered when planning an
amputation that the tissue perfusion necessary to heal an
amputation wound is much greater than that merely
required to sustain tissue viability. A relatively small number
of patients, particularly those with diabetes, have predomi-
nately small vessel disease and consequently relatively local-
ized peripheral ischaemic changes. In these circumstances it
is possible to consider one of the more conservative amputa-
tions. In diabetic patients the gangrene is often of mixed aeti-
ology. Neuropathic trauma occurs in a foot with poor
perfusion from both major and small vessel disease and
infection then adds the final insult. However, many diabetic
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patients unfortunately still require major amputations as the
overriding pathology is often one of accelerated atheroma
formation in major vessels.

Many patients are elderly, with poor general mobility and
cardiorespiratory reserve. They may manage to walk again
with a below-knee amputation, but only a minority manage
after an above-knee amputation. If, however, there is no
prospect of future walking, an above-knee amputation,
which results in faster and more secure stump healing, may
allow an earlier return to mobility in a wheelchair. It must be
remembered that patients with peripheral vascular disease
have similar pathology in their coronary and carotid vascula-
ture. Perioperative mortality, and poor late survival after
amputation, reflects this.

Stump length

Consideration must be given to the function desired of the
stump. Even the most fragmentary portion of a hand is of
great value to the patient, and should be preserved (Fig.
4.17). Overzealous attempts to preserve a foot may be mis-
guided, although the preservation of a weight-bearing heel
is of value. Above the wrist or ankle the stump should be
fashioned with the aim of fitting a prosthesis. In the upper

Figure 4.17 Even a fragmentary portion of a hand is of great
value. The drawing is taken from the X-ray and photograph of a man
injured in the 1914-18 war. He retained sufficient strength of grip
between the 5th finger and the 1st metacarpal to return to manual
employment.

arm and forearm, a 20-cm stump is recommended. For the
lower leg a 14-cm tibial stump is ideal, and a stump of less
than 8 cm is difficult to secure in a prosthesis. In an above-
knee amputation a 25-30 cm stump measured from the tip
of the trochanter is optimum. Amputations through joints
are often difficult to fit to a satisfactory prosthesis. These
general guidelines should be modified to adapt to local cir-
cumstances and the available prostheses (see Figs 4.24 and
4.27).

Stump length in childhood is difficult to judge as the
divided bone loses its distal growing epiphysis, and propor-
tional amputation is therefore not appropriate. Bony over-
growth in the immature stump does not significantly increase
the length of the stump, but periosteal spikes of new bone
cause discomfort and frequently require revisional surgery. In
an above-knee amputation in childhood, the major growing
epiphysis of the femur is lost and thus very little increase in
length occurs. It is therefore essential that as much length as
possible is preserved and, if at all possible, a through-knee
amputation is to be preferred. Growth in length of the stump
is also diminished after a below-knee amputation as the
proximal tibial epiphysis fails to contribute its full expected
growth. When feasible, a Syme’s amputation — which retains
the distal growing epiphysis of the tibia — is therefore a good
alternative in childhood. Alternatively, a proportionally long
13-cm tibial stump is recommended.

Division of skin and muscle

A stump, to which a prosthesis is to be fitted, should be firm
and smoothly rounded, and it should be conical in shape,
tapering distally. A bony stump has inadequate muscle cover,
while a bulbous floppy stump has the retention of excessive
muscle and skin, distal to the division of bone. The skin and
soft tissue division must therefore be carefully planned. A
racquet incision, in which a straight incision is carried
proximally from a circular or elliptical incision, is used for
disarticulation at the metacarpo- or metatarso-phalangeal
joint (see Fig. 4.19), and is applicable for amputation at the
shoulder or hip (see Figs 4.21 and 4.30). Amputation using
flaps is the most widely used method of amputation. Either
two flaps cut from opposite sides of a limb, or a single longer
flap, may be used. In order that the bone may be adequately
covered, it is essential that the combined length of the two
flaps, or the total length of a single flap, should be equal to 1.5
times the diameter of the limb at the level that the bone is
divided. Each flap should be cut to a semicircular, rather than
rectangular, shape since a conical, and not a cylindrical,
stump is desired. Unequal flaps may be indicated because of
tissue loss, or to maximize the use of tissue with good perfu-
sion. This also avoids a terminal scar. When unequal flaps are
used, the shorter flap should be rather broader than the
longer flap so that the skin edges to be sutured are of equal
length. A good blood supply to the skin of the flap must be
assured, and is a particularly important consideration in
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amputation for peripheral arterial occlusive disease. As the
blood supply of the skin is often partly from the underlying
muscle, by vessels which pierce the deep fascia, there are obvi-
ous advantages in a combined myocutaneous flap. The mus-
cle, however, may need to be thinned distally to avoid a bulky
stump (see Fig. 4.26). The alternative is to plan separate flaps,
and this is more suitable for some amputations. The initial
flaps are of skin and subcutaneous fat alone, and the muscle
flaps are raised separately.

NERVES

Nerves are divided cleanly with a knife and allowed to retract
into the soft tissues, thus avoiding a troublesome neuroma.
Ligation of a major nerve with a fine ligature prevents bleed-
ing from accompanying vessels, but the ligature may be
implicated in neuroma formation. Ligation of the sciatic
nerve may be necessary if the small accompanying artery has
become enlarged as a significant collateral vessel. Phantom
pain after amputation may be significantly reduced by peri-
operative epidural anaesthesia.

BLOOD VESSELS

Blood vessels require ligation. Large superficial veins will be
encountered in the subcutaneous fat, and can be simply lig-
ated. The major vessels of a limb require careful ligation,
with ligatures of a gauge and strength appropriate to their
size. Double ligation, or a transfixion technique as described
in Chapter 1, is reccommended. A tourniquet should not be
used in amputations for peripheral arterial occlusive disease
as any reduction in the perfusion of the flaps may be critical
for healing.

BONE

Bone is divided by any of the methods discussed above, and
rough edges removed with a rasp or file. Care must be taken
to avoid soft tissue damage while dividing the bone.

CLOSURE

Opposing muscle groups are sutured together over the bone
ends, both to cover the divided bone and to balance the mus-
cle action on the stump. Younger patients may benefit from a
more formal myodesis in which the muscle is secured to the
bone ends by sutures passed through drill holes in the bone.
Tension-free skin closure is important and, in a major ampu-
tation, vacuum drainage is recommended. Postoperatively
the first priority is healing, but care must be taken to maintain
the mobility of proximal joints. A stiff hand, or a flexion
deformity at the hip, is easier prevented than treated. In major
lower-limb amputations there are some advantages in early
bandaging of stumps to improve the shape for a prosthesis,
and in the application of a plaster to allow early weight-bear-
ing through a prosthetic extension. However, these manoeu-
vres carry some risk of compromising healing in vulnerable
stumps with marginally adequate perfusion.

UPPER-LIMB AMPUTATIONS

Hand

The amputation of fingers is most commonly undertaken for
severe trauma in which there is skin loss combined with
additional bone, vessel or tendon damage. The advantages of
alternative lengthy reconstruction procedures must be con-
sidered, and the correct decision may depend on the patient’s
occupation and preference, as much as on the extent of the
injury. The type of amputation is often determined by the
availability of skin and soft tissue, rather than by following
formal procedures (see Fig. 4.16). It is, however, always
preferable to cover the bony stump with volar skin and soft
tissue. Every effort must be made to preserve as much of the
thumb as circumstances will allow, as it is of pre-eminent
importance in the hand. Even a stump composed of the
metacarpal alone, or part of the metacarpal, is of great value
(see Fig. 4.17). A stiff or deformed finger from previous
infection, or trauma, may hinder the use of the hand and the
patient may request amputation. Occasionally a finger must
be amputated for adequate local treatment of a malignancy.
In general, amputation through the base of a phalanx is
preferable to disarticulation at the joint immediately proxi-
mal, as this preserves the attachments of tendons and intrin-
sic muscles and results in a stronger grip. An amputation
through the base of the proximal phalanx, or through the
metacarpo-phalangeal joint, of the index or little finger
leaves a somewhat conspicuous deformity. The hand has a
better cosmetic appearance if the metacarpal head is sec-
tioned obliquely, preserving the attachment of the
metacarpal ligament, and the metacarpal arch (Fig. 4.18).
After oblique removal of the metacarpal head, the stump of
the metacarpal should be covered by interosseous muscle.

Figure 4.18 Amputation through the base of a proximal phalanx
gives a strong grip. An oblique metacarpal amputation results in a
more satisfactory appearance if the index or little finger has to be
sacrificed.
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Distal amputations of the fingers are best covered by a single
volar flap, whereas an equal lateral flap technique is suitable
for more proximal amputations. A racquet extension to the
incision allows the transection of the metacarpal head (Fig.
4.19). Difficulty is encountered in digital amputations if
the flaps are too short. This will occur if the surgeon is not
aware of the surface marking of the joints when planning the
flaps. The joints are more distal than is immediately apparent
(Fig. 4.20).

Figure 4.19 Asingle volar flap is preferable for a distal digital
amputation. Equal lateral flaps are suitable for more proximal
amputations. A racquet extension affords access to the metacarpal
head.

Figure 4.20 A surgeon unfamiliar with the surface markings of
the joints will have difficulty in planning satisfactory flaps. The
measurements given indicate the distance of each joint distal to the
angle of the knuckle.

Arm and forearm

These amputations are not commonly indicated except for
major trauma, and follow the general rules of amputation
discussed previously. Bilateral amputations often deprive a
patient of independence, although sophisticated functional
prostheses have greatly improved in recent years.
Occasionally after a clean traumatic amputation, a limb has
been successfully reattached with microsurgical techniques.
Unfortunately many of these injuries occur during periods of
war and its aftermath in areas of the world with limited
resources. The Krukenberg amputation may have a place
when a bilateral forearm amputation is inevitable in these
circumstances. The operation separates radius and ulna, thus
providing a crude pincer grasp.®

Shoulder

These major amputations are seldom indicated. Amputation
through the humoral neck preserves the normal contours of
the shoulder and is preferable to the more proximal amputa-
tions unless they are specifically indicated. For disarticulation
through the shoulder joint a racquet incision is used (Fig.
4.21a). The incision commences at the tip of the coracoid
and extends distally in line with the humerus to the axillary
folds where it splits to encircle the arm. The vertical part of
the incision is deepened to bone, by the division of clavicular
fibres of the deltoid and pectoralis. The posterolateral part of
the circular incision is then deepened to bone, by the division
of the deltoid muscle close to its insertion. The deltoid mus-
cle is retained in the large lateral flap. The joint capsule and
capsular muscles are then divided to allow dislocation of the
humeral head. The brachial vessels are secured, and the
nerves and remaining muscle divided. A forequarter amputa-
tion is an even more radical procedure, and the loss of the
normal shoulder contour is a significant deformity. The

Figure 4.21 (a) The incision for disarticulation of the shoulder.
(b) The incision for a forequarter amputation.
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linear portion of the racquet incision is along the clavicle, the
lateral two-thirds of which is excised (Fig. 4.21b). The
clavicular excision affords access to the subclavian vessels
and the brachial plexus, both of which require division. The
pectoral muscles are divided. Posteriorly the scapula is
excised after division of all muscles attaching the scapula to
the trunk.

LOWER-LIMB AMPUTATIONS

Foot and ankle

These amputations may be for infective gangrene, trauma or
frostbite. Ischaemic gangrene of the toes, or forefoot, from
peripheral arterial occlusive disease nearly always indicates
that tissue perfusion will be inadequate to sustain the
increased requirements of a healing amputation wound at
any site below mid calf. A more proximal amputation is thus
indicated unless tissue perfusion can be improved by arterial
reconstruction, or angioplasty.

A distal amputation is sometimes appropriate in diabetes.
A patient with diabetic neuropathy may be unaware of minor
trauma and subsequent infection, and present with localized
infective gangrene. Even if there is an ischaemic element to
the gangrene, it may only be due to diabetic microangiopa-
thy, and a distal amputation wound may still heal. However,
many diabetic patients also have major vessel disease and this
should be carefully assessed before recommending a limited
amputation. Furthermore, the spread of web space infection
can be particularly rapid in diabetic patients.

RAY AMPUTATION

The most common amputation in the foot is a ray amputa-
tion of the affected toe with the distal half of the associated
metatarsal (Fig. 4.22). This also allows good drainage of
infected deep spaces of the foot, and the wound is left open.

Figure 4.22 A ray amputation of a toe with the distal half of the
metatarsal will often suffice if distal gangrene is of infective origin.

The advisability of a first or fifth ray local amputation should
be carefully considered, as healing is more likely to be
troublesome.

TRANSMETATARSAL, TARSOMETATARSAL AND MIDTARSAL
AMPUTATIONS

These are also satisfactory amputations for distal gangrene
with adequate perfusion of the hindfoot, and leave a patient
with a weight-bearing heel. The amputation is undertaken
using a long plantar flap which covers the end of the stump,
and the dorsal incision is at the level of bone division
(Fig. 4.23).

SYME'S AMPUTATION

This classical ankle amputation, first described by Syme in
1842, produces a durable weight-bearing stump, which is
often superior in the long term to the forefoot amputations
described above. It is particularly suitable in young patients
who have sustained a crushing injury to the foot, and is of
special value to patients who do not have access to modern
artificial limbs. The end of the stump is at a height of about
6-8 cm from the ground, and may be walked on without a
prosthesis. Alternatively, a simple appliance which raises the
stump is inexpensive to manufacture (Fig. 4.24). The ampu-
tation fell into disfavour in the developed world as there were
difficulties in fitting a cosmetically acceptable prosthesis.
There has, however, been renewed interest in this amputa-
tion.” Syme’s amputation may have a place in diabetics but if
there is significant large vessel atheroma it is not suitable.
The incision starts below the tip of the lateral malleolus
and is drawn across the sole to a point 2 cm below the medial

Figure 4.23 A transmetatarsal amputation for distal gangrene is
only satisfactory if the hindfoot perfusion is good. A single plantar
flap has the optimum blood supply and also covers the stump with
the skin which is most suitable to withstand trauma.
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Figure 4.24 A primitive ‘elephant boot’ prosthesis that can be
used after a Syme's amputation.

malleolus (Fig. 4.25). The two ends of the incision are then
joined by the shortest route across the front of the ankle
joint. Throughout the incision, all structures are divided
down to bone. Extensor, flexor and peroneal tendons are
divided, as are the anterior tibial and plantar vessels and
nerves. Vessels are ligated and nerves cut short as discussed
previously. The ankle joint is then entered anteriorly and the
lateral ligament divided. The foot is then dislocated in a plan-
tar direction to expose the back of the joint.

The next part of the operation is the most important and
the most difficult. It consists of the division of the posterior
ligaments of the joint, the detachment of the insertion of the
Achilles tendon and the dissection of the calcaneum out of
the heel flap. There is great danger in injuring the posterior
tibial and peroneal arteries, as both arteries are closely
applied to the back of the posterior ligament. Their branches,
which supply the skin of the heel, are also in danger when the
calcaneum is dissected out of the flap. The knife is kept
closely applied to the bone to prevent damage at this stage.
The malleoli and a thin slice of tibia are then removed. The
saw is applied exactly at right-angles to the long axis of the
tibia. The heel flap is folded over the bone ends and sutured
in position over a vacuum drain.

Modifications

Modifications have been sought to increase the length of the
stump. The distal articular surface of the tibia may be left in
situ, and a larger heel flap fashioned by siting the incision
more distally, starting 1 cm in front of the medial malleolus.
In Pirogoff’s modification, the posterior part of the calca-
neum is retained in the heel flap, and is opposed to the sawn
surface of the tibia. It is fixed in place by periosteal sutures, or
fixed internally with a pin. However, the advantages of a full-
length, weight-bearing stump is offset by the delay in mobil-

Figure 4.25 Syme's amputation. (a) The incision. (b) The
calcaneum has been dissected out of the heel flap. The malleoli and
the distal articular surface of the tibia have been excised.

ity while awaiting bony union, and this can be a major con-
sideration in the elderly.

Below-knee amputations

These operations are most commonly performed for periph-
eral arterial occlusive disease, and the standard techniques
are designed to maximize the use of well-perfused tissue. It is
not always possible to retain the ideal 15 cm of tibia, but if
less than 8 cm can be retained there will be difficulty in fitting
a satisfactory prosthesis. The long posterior flap is marked
out, and should be of a length 1.5 times the diameter of the
leg. The anterior flap, which has the poorer blood supply, is
cut down to bone at the level of bone division. Elevation of
the anterior flap of skin and muscle off the underlying bone
is kept to a minimum, and 1 cm is adequate. The tibia is then
divided and bevelled anteriorly. The fibula is divided 1 cm
more proximally. The posterior flap should retain deep
fascia, and some underlying muscle, throughout its length to
safeguard skin perfusion. However, the muscle bulk must be
reduced to obtain a tapered stump. The posterior muscles
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are divided obliquely so that virtually all of the deep muscle
is removed and, distally, only a thin remnant of the superfi-
cial gastrocnemius remains (Fig. 4.26). Arteries are ligated as
they are encountered, and nerves divided so that they can
retract. The muscles of the flaps are opposed over the bone
with sutures through deep fascia, and the skin is closed over
suction drainage.

Variations
Variations of the standard method are numerous:

¢ A ‘skew’ flap technique is favoured by some surgeons."’
Skin and muscle flaps are fashioned separately. Equal
skin flaps are based on the blood supply of the skin,
which in this site is anatomically related to the venous
drainage of the long and short saphenous veins, and
relies on collateral vessels running with the sural and
saphenous nerves. A single posterior muscle flap is still
used.

e If the patient does not have peripheral arterial occlusive
disease, two rather than one musculocutaneous flaps

a

Figure 4.26 Below-knee amputation. (a) The single long posterior
flap utilizes the superior blood supply to the calf skin which is
critical for successful healing in peripheral vascular disease. (b) The
posterior muscle groups are divided obliquely from the tibia to the
skin to reduce the bulk of the flap. (c) The scar is away from the
weight-bearing end.

may be preferred. Unequal length of these flaps has the
advantage that the scar is away from the end of the
stump. Periosteum may be raised from the tibia distal to
the level of bone resection, preserved and swung over to
the fibula to form a periosteal bridge between the bones.
This may form a better stump for a young active
amputee.

¢ A very short stump, although generally unsatisfactory,
may be ideal for a primitive prosthesis (Fig. 4.27).

Disarticulation through the knee

This amputation produces a stump which is functionally sat-
isfactory and which can sustain end weight-bearing. As
discussed previously, a through-knee amputation has advan-
tages in children in order to preserve final femoral length.
However, the bulbous end, and the external hinge usually
required in the prosthesis, can make it cosmetically inferior
to other alternatives. In peripheral arterial occlusive disease,
if the tissue perfusion will not sustain the healing of a below-
knee amputation, a through-knee amputation will probably
also be problematic, and an above-knee amputation
becomes a better option.

Figure 4.27 A young man from a remote village presents 5 years
after trauma requesting an amputation of a useless flail extremity.
There is a flexion deformity of the knee, an ununited fracture of the
tibia and a deformed foot in fixed equinus. He is already ambulant
with a home-made prosthesis in which he kneels. The limb fitting
services are rudimentary. A high below-knee amputation, although
unconventional, may be the best solution. Individual patient
requirements and local prosthetic facilities should influence the
choice of amputation.
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The operation may be performed with equal medial and
lateral skin flaps, or with unequal anterior and posterior
flaps. The patient is placed prone, and the flaps raised. The
access to the joint is from the popliteal fossa where the artery
is ligated and nerves divided. The posterior muscles and joint
capsule are divided, and the knee flexed before the division of
the patellar tendon at its attachment to the tibia. After divi-
sion of the cruciate, medial and lateral ligaments the ampu-
tation is complete. The patella is retained. The patellar
tendon is sutured to the cruciate ligaments, and the remains
of the extensor retinaculum to the hamstrings.

Variations

Variations of this operation include the classical
Gritti-Stokes amputation (Fig. 4.28) and various subsequent
modifications of it. The Gritti—Stokes operation is normally
performed with the patient supine. Unequal anterior and
posterior flaps are raised. The long anterior flap extends
down to the patella tendon insertion, which is divided and
the knee joint entered. All soft tissue posteriorly is divided,
and the femur is then divided immediately above the femoral
condyles. The patella, from which the articular surface has
been removed, is swung over so that the patella lies over the
divided femur. Stabilization can be achieved with wire
sutures, passed through drill holes in the bone of the patella
and femur, and the patella tendon is sutured to the ham-
strings. This amputation lost popularity because of difficul-
ties with prostheses but, with this overcome, there has been
some renewed enthusiasm." The removal of the femoral
condyles makes it more suitable than a through-knee ampu-
tation if the tissue perfusion is marginal. An oblique division
of the femur with a 30° angle has been a useful recent variant
giving better early stability (Fig. 4.28b).

Above-knee amputations

These are common amputations for ischaemia, and for
trauma, and the priorities for the surgeon in different cir-
cumstances vary. In general, the longer the stump the better
the control of the prosthesis, and ideally 70 per cent of the
femur (or around 25-30 cm as measured from the tip of the
greater trochanter) should be retained. If the stump is longer
than this, the same problems arise with the knee joint of a
prosthesis as with the through-knee and Gritti-Stokes
amputations. In a child every effort should be made to pre-
serve the whole femur, as already discussed. The underlying
pathology sometimes dictates an amputation in the upper
third of the femur, but if less than 10 cm of femur can be pre-
served then disarticulation through the hip joint may be
preferred in a younger patient in order to fit a more satisfac-
tory prosthesis. In contrast, a short femoral stump, even one
with a flexion deformity, is better for the wheelchair-bound
amputee.

The operation can be performed with equal anterior and
posterior myocutaneous flaps, or unequal flaps with a longer
anterior flap (Fig. 4.29). The quadriceps muscle is sutured to

Figure 4.28 (a) Gritti-Stokes amputation. A long anterior flap
brings the scar posteriorly. The femur is transected immediately
above the condyles. The patella is retained, but its articular surface
is removed, before it is fixed to the divided femur. (b) A modification
in which the femur is transected at an angle to give superior early
stability.

the hamstrings so that muscle action on the stump remains
balanced. In a younger patient some form of more formal
myodesis should be carried out.

Gas gangrene is a much feared postoperative complica-
tion, particularly after an above-knee amputation for
ischaemia. Prophylactic antibiotics must be chosen which
are effective against Clostridium welchii.

Disarticulation at the hip joint

This radical amputation may sometimes be indicated if
insufficient femur can be preserved to make a satisfactory
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Figure 4.29 An above-knee amputation. A two-flap technique is
suitable for an amputation through the lower, middle or upper
femur. A slightly longer anterior flap avoids a terminal scar.

femoral stump. Two classical methods have been described:
the method of the anterior racquet; and that of the single
posterior flap. The second method may yield a better stump
for limb fitting. The incisions for the two methods are
shown in Figure 4.30. In the anterior racquet incision the
‘handle’ is placed in the line of the femoral vessels, and
the medial flap is longer, so that the scar will fall away from
the perineum. In the alternative single posterior flap
method, the length of the flap should be 1.5 times the
anteroposterior diameter of the limb at the level of the hip
joint; the anterior part of the incision is 2.5 cm below and

Figure 4.30 Incisions that may be used for amputation at the hip.
(a) A racquet incision with a longer medial flap. (b) A single posterior
flap.

parallel to the inguinal ligament. In each method the first
part of the operation consists of exposure and ligation of the
femoral vessels. The anterior muscles are divided in the line
of the incision, and the joint is opened from the front. The
adductors, the hamstrings and gluteus maximus are cut so
that portions of them remain in the flaps. The sciatic nerve is
found deep in gluteus maximus and is cut short.
Disarticulation is completed by division of the capsule and
of the remaining short muscles which are inserted into the
trochanteric area. The flaps and muscles are trimmed to give
reasonable bulk, without flabbiness, to the stump.

Hindquarter amputation

This mutilating radical amputation is fortunately seldom
performed, but is occasionally indicated for locally advanced
malignancy'” or, in exceptional circumstances, when an
above-knee amputation has failed in a patient with periph-
eral arterial occlusive disease. An elliptical incision affords
access, first to the anterior abdominal muscles which are
divided in line with the incision. The deep epigastric vessels
are ligated and the symphysis pubis divided. The peritoneum
and ureter are swept medially to expose the common iliac
vessels which are ligated in continuity to reduce blood loss
during dissection. Alternatively, this initial ligation can be
solely of the internal iliac artery, distal to the origin of the
superior gluteal artery, to safeguard the blood supply of
the posterior buttock flap. The ilium is divided through the
greater sciatic notch, and the major portion of gluteus max-
imus is retained. The remaining soft tissue is divided and all
nerves are cut cleanly. The external iliac, obturator, gluteal
and pudendal vessels must be ligated before division, even if
the common iliac was ligated, as there is usually considerable
cross circulation from the other side.
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ANATOMY

An artery consists of three coats:

¢ The outer coat or tunica adventitia is composed of
fibrous and elastic tissue, and contains the periarterial
sympathetic nerves; it is attached only loosely to the
middle coat, and can be stripped from it without
difficulty.

* The middle coat or tunica media constitutes the main
thickness of the arterial wall; it is composed of smooth
muscle with a proportion of elastic tissue, this
proportion being greater in the large vessels.

e The inner coat or tunica intima lines the lumen of the
vessel. In a healthy artery, without atheromatous
plaques, it is a thin layer consisting only of endothelial
cells, supported on a basement membrane of elastic tis-
sue which lies in contact with the tunica media.

A vein has a structure very similar to that of an artery, except
that all coats — especially the tunica media — are much
thinner.

DISSECTION OF VESSELS

When exposing an artery it is important to mobilize enough
of the vessel and its branches to allow proximal and distal
control. The best plane of dissection for this arterial mobi-
lization is deep to the adventitia. Veins should be mobilized
by dissection directly on the surface of the vein. This plane is
usually outside the adventitia. All vessels should be handled
gently, since trauma to the wall commonly leads to throm-
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bosis, and in particular they should never be grasped or
clamped with an instrument likely to cause damage. Any
clamp should be applied with the minimal compression
required to control flow. Remember that the intima can be
split without visible damage to the adventitia.

HAEMORRHAGE AND VASCULAR CONTROL

Vascular surgery may have to be undertaken in an emergency
for situations such as vascular trauma or spontaneous rupture
of an aneurysm. The initial overriding concern is to arrest
exsanguinating haemorrhage. Major bleeding in limb trauma
can normally be controlled by elevation combined with firm
local pressure by pad and bandage to occlude the vessel at the
point of injury. This temporary control allows the patient to
be resuscitated and prepared for a definitive operation with
adequate lighting and necessary facilities. No attempt should
be made in an emergency to apply artery forceps blindly
within a profusely bleeding wound as it is impossible to iden-
tify the damaged vessel with any accuracy, and there is a seri-
ous risk of injuring neighbouring structures.

When haemorrhage is from an intrathoracic or intra-
abdominal vessel, local external pressure is impractical.
Maintenance of circulating volume is essential, but surgery
to gain proximal vascular control must proceed alongside
resuscitation. This initial control may have to be more prox-
imal than is ideal, but speed is important. It can be revised
for more appropriate control closer to the site of damage as
soon as possible.

The focus of management then shifts to the restoration of
distal perfusion by repair or reconstruction of vessels. The
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surgical conditions for this should now approximate the
elective situation. Vascular surgery requires precision and
gentle handling of tissue which is not possible in the presence
of haemorrhage from open vessels.

Limb tourniquet

A limb tourniquet will arrest haemorrhage and give excellent
operative conditions but, as it prevents any distal limb perfu-
sion from other undamaged vessels, tissue ischaemia is more
profound than when the injured vessel alone is controlled. In
an emergency, local pressure will usually suffice, and once
the damaged artery has been isolated, proximal and distal
control of the damaged section of vessel is then preferable to
a tourniquet. A tourniquet is therefore normally reserved for
situations where a bloodless operative field is necessary for
the repair of tendons and nerves in addition to the repair of
blood vessels.

Vascular clamps or tapes

Vascular clamps or tapes placed above and below the site of
an arteriotomy or injury are the most versatile method of
control (Fig. 5.1). Great care must be taken to avoid injury to
a thin-walled vein lying in close proximity to an artery; for
example, the inferior vena cava (IVC) is easily damaged dur-
ing cross-clamping of the aorta. Vascular occlusion clamps
are designed to hold a vessel occluded but with minimal
crushing damage to the vessel wall. Unfortunately, if a vessel
is diseased the distortion of its shape by the clamp can frac-
ture an atheromatous plaque, and a flap of intima and
atheroma may lift away from the vessel wall. It may then
occlude the vessel, or detach as an embolus. Alternatively, the
plaque fracture is a potential focus for thrombosis, or a pos-
sible initial entry point for a dissection. Damage often occurs
when a clamp twists after application. Securing the handles
of clamps to the drapes reduces the likelihood of this. Slings
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Figure 5.1 Methods of controlling blood vessels. (A) Fogarty soft
jaw clamp; (B) bulldog clamp; (C) atraumatic metal-jawed vascular
clamp; (D) double ligature sling; (E) sling with snub.

of tape, fine silastic tubing or heavy silk ties are alternatives to
a clamp, and are safer on the smaller distal arteries. A side
clamp on a major vessel may be sufficient and has the advan-
tage that distal flow is preserved (Fig. 5.2).

A temporary cross-clamp — placed at some considerable
distance proximal to the site of injury — is occasionally indi-
cated for major haemorrhage if immediate access to the
damaged vessel is problematic. For example, the aorta can be
cross-clamped above, or just below, the diaphragm for the
initial control of life-threatening upper abdominal haemor-
rhage. Opening the chest to control intra-abdominal haem-
orrhage adds significant morbidity, and has little advantage
over an aortic clamp applied just below the diaphragm.

Intra-luminal balloon

An intra-luminal balloon is a solution to vascular control if
the vessel is inaccessible for the application of a clamp or
sling above or below the site of surgery (Fig. 5.3). A Foley
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Figure 5.2 Anangled or curved side clamp can isolate part of the
circumference of a large vessel while maintaining patency. (a) The
control of an iatrogenic laceration in the inferior vena cava (IVC)
with a Satinsky clamp. The laceration can now be repaired without
continuing haemorrhage. (b) A curved side clamp is isolating the
root of the brachiocephalic artery with its traumatic tear. Flow
through the aortic arch is maintained.
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catheter is suitable for a large vessel, and a Fogarty catheter
for a smaller vessel. The central lumen of the Foley catheter
can be used as intravascular access for resuscitation.

Dangers of vascular occlusion

The surgeon must be aware of the deleterious effects of vas-
cular occlusion. A proximal aortic clamp increases periph-
eral resistance and may precipitate severe cardiac failure. The
release of such a clamp has even more profound cardiovas-
cular effects. Skilled anaesthetic care is required, especially as
many patients are arteriopaths with compromised coronary
and cerebral vasculature.

The surgeon must remain aware of the deterioration
which occurs distal to the operative field. An excellent tech-
nical reconstruction, capable of restoring long-term perfu-
sion, is wasted if irreversible damage to distal tissue has been
allowed to occur during the perioperative period. Speed is
important to reduce ischaemic time. The circulation can
sometimes be restored before completion of the procedure.
For instance, after completion of the proximal anastomosis
in a femoral-popliteal bypass, perfusion can be restored to
the profunda system before the distal anastomosis is com-
pleted.

Stasis in the vascular tree distal to a clamp is inevitable,
and thrombosis may follow. Heparinized saline (5000 units
of heparin in 500 mL saline) should be instilled into the ves-
sel distal to the clamp, often in addition to systemic
heparinization.

TISSUE ISCHAEMIA

The sensitivity of different tissues to ischaemia varies.
Irreversible ischaemic damage to cerebral cortex occurs
within minutes, but a limb remains salvageable for several
hours after total vascular occlusion. The kidneys, liver and
gut form an intermediate group. It is often difficult to predict
whether vascular occlusion is complete, or whether perfu-
sion continues at a slightly, or significantly, reduced level.
There are anatomical variations in arterial arcades. In
addition, there may be changes in other arteries secondary to
disease which may take the form of additional stenoses, or
enlarged compensatory collateral channels. An alternative
route for perfusion may be adequate when the patient is
normotensive, but inadequate if the patient is shocked. If
there is a danger that during temporary arterial occlusion
distal perfusion may be inadequate to prevent damage to
distal tissue a temporary shunt should be considered (see
below).

Ischaemic damage to muscle results in swelling and a rise in
pressure within a closed fascial space. Perfusion decreases as
interstitial pressure approximates perfusion pressure and
secondary ischaemic damage from compartment syndrome
follows, as discussed in Chapter 3. It is of particular concern
in the management of vascular lower-limb trauma, especially
in a crushing injury where there may be additional muscle
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Figure 5.3 An intra-luminal balloon catheter is valuable for
proximal arterial control in situations where direct access to the
artery is difficult. In (a) the catheter has been introduced through a
ruptured aortic aneurysm to occlude the inflow, while in (b) it has
been introduced through the femoral artery to occlude the root of
the subclavian artery proximal to a traumatic rupture.
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swelling as a direct result of the trauma. A fasciotomy should
always be considered after a vascular repair in these circum-
stances.'

Renal function is often compromised after major vascular
surgery, and especially after emergency surgery for a rup-
tured aortic aneurysm.” It has sometimes been necessary to
cross-clamp the aorta above the renal arteries, even if only
for a few minutes, with some resultant renal ischaemic dam-
age. More often, the renal insult has been partly that of hypo-
volaemic shock followed by an ‘ischaemia—reperfusion’ insult.
Any ischaemic tissue below the aortic cross-clamp releases
inflammatory cytokines, free radicals, activated white cells
and other toxic metabolites into the circulation. These sub-
stances invoke a cascade of damaging reactions throughout
the body, and in particular cause damage to the lungs and
kidneys. Impairment of renal and pulmonary function
greatly increases postoperative morbidity and mortality.
Skilled anaesthetic care, fast but meticulous surgery with a
short ischaemia time and good intensive care facilities all
improve results.

Temporary shunts

Temporary shunts are indicated when there is concern that
irreversible damage may occur to distal tissue during the
period of ischaemia (Fig. 5.4). They are frequently employed
during carotid surgery (see Chapter 6). Even though a
normal Circle of Willis will maintain adequate perfusion to
the whole cerebral cortex from a single carotid artery, this
cannot be guaranteed in an individual patient. They also
have a place in the severely damaged limb with unstable
skeletal damage. The fractures should, if possible, be
stabilized prior to vessel reconstruction, or damage to the

Figure 5.4 A temporary shunt maintains distal tissue perfusion
while still allowing the surgeon good access in a dry field.

reconstructed vessel may occur during manipulation of the
fracture. However, any further delay before revascularization
of the distal limb is critical when there has already been
several hours of ischaemia during transfer to hospital. A
temporary shunt — both arterial and venous — followed by
skeletal fixation and finally a meticulous vascular recon-
struction undertaken in optimal circumstances may be the
best solution.” Silastic tubing is satisfactory for a temporary
shunt, but a specially designed shunt has either a balloon cuff
which when inflated fits snugly against the intima
(Pruitt-Inahara shunt), an expanded end with specially
fitted clamps (Javid shunt) or, alternatively, a shunt with a
groove at which point an external tape, when tightened, will
form a good seal.

BASIC ARTERIAL SURGICAL TECHNIQUES

Surgery to repair or reconstruct arteries is delicate, and
must be undertaken in optimum conditions. Sterility,
adequate access, a good light and control of haemorrhage
are all essential. Non-absorbable monofilament sutures are
used which will slide atraumatically through the vessel wall
and create the least tissue reaction. Soft, pliant, mono-
filament polypropylene is most favoured. A useful standard
size of suture for femoral and popliteal arteries is 5/0. Finer
sutures are used for smaller vessels, whilst as large as 2/0
may be used for the aorta. Round-bodied needles are the
most suitable for normal vessels, but a tapercut needle may
be better for suturing dense graft material or heavily
diseased arterial wall. During closure, special care must be
taken to include the intima in every stitch (unless of course
an endarterectomy has been performed) as the dissection of
an intimal flap is probably the commonest cause of early
thrombosis after reconstruction. A needle passed from
without-in is in more danger of lifting a flap of diseased
intima than a needle passed from within-out. When a
needle has to be passed from without-in, the intima should
be supported against the vessel wall as the needle is inserted
(Fig. 5.5). Sutures with a needle at both ends (a double-
armed suture) are extensively used in vascular surgery. Fine
monofilament sutures are easily damaged, and if one end is
to be held temporarily a rubber-shod clamp should be
employed. Monofilament sutures must not be handled with
metal instruments as they tend to fracture and are then
prone to breaking with minimal strain.

Arterial ligation

A ligature of appropriate diameter and strength for the size
of the artery must be selected. A transfixion ligature gives
extra security, especially if the stump of an artery beyond the
ligature is short. An over-sew technique will give an even
more secure closure than a transfixion ligature when a very
major vessel must be closed. For example, there is the danger
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Figure 5.5 (a) A needle passed from within-out presses an intimal
atheromatous plaque safely against the vessel wall. (b) When passed
from without-in, it may separate off the plaque and initiate a
dissection. (c) This separation is prevented by supporting the intima
with an instrument.

of a ‘blow-out’ of the aortic stump when the aorta has to be
divided and the distal perfusion restored with a bypass graft
with inflow from a more proximal site.

Arteriotomy

This should, as a general rule, be made longitudinally, allow-
ing the surgeon to see a greater area of the inside of the ves-
sel. It can be extended and it provides access to the orifices of
branches — advantages which outweigh the only benefit of a
transverse incision, which is that it can be closed with less
tendency to narrow the lumen. However, in vessels of 4 mm
diameter or less — especially if made simply for the purposes
of embolectomy — a transverse incision may be preferable
and, unlike an arteriotomy in a large vessel, it should be
closed with interrupted sutures. Closure of an arteriotomy is
most commonly performed with a continuous suture seek-
ing to obtain slight eversion of the cut edges, and to encour-
age intimal apposition with exclusion of the non-intimal
layers from the lumen. As the end of the closure is
approached, it may become more difficult to ensure that all
layers are included in the stitch. It is therefore advisable that
a separate end stitch should be placed at the opposite end of
the incision, as shown in Figure 5.6. When dealing with
medium to small vessels (as distinct from microsurgery), the
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Figure 5.6 Closure of an arteriotomy.

use of magnification (X2—4) by means of loupes, or spectacles
fitted with binocular lenses, is often advisable. Accurate
suturing is more important in vascular surgery than in most
other areas.

A clean sharp injury to an artery may occur iatrogenically
during surgery on adjacent structures, or may be the result of
penetrating trauma. Repair is as for the closure of an arteri-
otomy, but see the section on vascular trauma below.

Vein patch

Closure of an arteriotomy must not result in any significant
narrowing. Simple sutured closure of a longitudinal incision
in any artery smaller in diameter than the common femoral
will commonly cause unacceptable narrowing. Unacceptable
narrowing will also occur on the closure of an arteriotomy in
a segment of diseased common femoral artery. A vein patch
should be used in any such closure (Fig. 5.7). Autogenous
saphenous vein is the most suitable material for a vein patch
as the thinner-walled jugular or cephalic veins are less able to
withstand arterial pressure. The proximal part of the long
saphenous vein should not be sacrificed for this as it may be
required for future reconstructive vascular surgery. A suit-
able patch can be harvested from the ankle, or often more
conveniently from one of the groin tributaries to the
sapheno-femoral junction. The ends of the patch are where
technical difficulties arise. It is therefore recommended to

Figure 5.7 Simple closure of an arteriotomy may result in a
stenosed segment. This can be avoided by using a vein patch.
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start with a double-armed suture at one side, to work around
the ends, and to complete the anastomosis at the opposite
side. A patch of expanded polytetrafluoroethylene (e-PTFE) or
Dacron can be used if no suitable vein is available.

Balloon embolectomy

The slender balloon embolectomy catheter, originally
designed by Fogarty,* is available in sizes 3 to 7 F. It is 80 cm
long and has a delicate inflatable balloon close to its tip. The
catheter is threaded into the artery through an arteriotomy,
to a level beyond which no clots are thought to be present.
The balloon is then inflated with sterile saline until slight
resistance is felt, and the catheter is withdrawn with the bal-
loon inflated, bringing with it any clots present within the
lumen. The inflation should be gradually increased to
match the widening calibre of the artery if the catheter is
being withdrawn from the distal arterial tree. If it is being
withdrawn from larger proximal arteries, the balloon must
be gradually reduced in size. Gentleness is essential to mini-
mize intimal damage. Atheromatous plaques can be felt as
areas of roughness as the balloon is drawn up or down the
artery. The artery may narrow significantly at these points,
and if the operator does not actively let fluid in or out at
each point significant damage can result, including strip-
ping of the endothelium. A similar technique can be
employed for thrombotic occlusion of a bypass graft. In a
synthetic graft, which lacks an intimal lining, successful
clearance can be achieved even after several days have
elapsed.

Vascular anastomoses

There are many different techniques for joining blood ves-
sels to each other, or to synthetic grafts. In constructing an
end-to-end anastomosis, care must be taken to avoid nar-
rowing the lumen, and it is always preferable, except in the
largest vessels, to bevel the ends (see Fig. 5.9). It is usually
more convenient to use continuous sutures, but interrupted
sutures should be used in children where subsequent
growth is anticipated. Children’s vessels must be handled
with great care as they are particularly prone to spasm.
Interrupted sutures are also preferable in very small or deli-
cate vessels.

Broadly, there are two techniques for performing either an
end-to-end or an end-to-side anastomosis. The first is to
place anchoring sutures and rotate the vessel so that all
sutures are placed from outside. The second technique, of
parachuting the anastomosis together, is necessary when
there is insufficient mobility.

END-TO-END ANASTOMOSIS

In an end-to-end anastomosis, three interrupted anchoring
sutures are placed equidistantly around the circumference

and used to rotate the vessel for access during the remainder
of the anastomosis (Fig. 5.8). This technique is only possible
where the mobility of the vessel is not impaired by branches.
More commonly, a posterior row of continuous sutures is
initially placed intra-luminally, with the cut ends of the ves-
sel still some distance apart (Fig. 5.9). The frictionless quality
of polypropylene allows the ends to be parachuted together.
The front of the anastomosis is then completed from with-
out, using both ends of the double-armed suture. The clamp
is released before the two ends of the suture are tied together.
The returning blood distends the anastomosis and prevents
too tight a tie causing a ‘purse-string’ stenosis. Minor leakage
from an anastomosis will cease after local pressure. A signifi-
cant leak will require a further suture, and clamps should be
reapplied before doing this as the vessel may tear and the sit-
uation worsen. Areas of leak in an anastomosis can be
sutured with a figure-of-eight or a mattress suture. The
suture can be buttressed with a Dacron or e-PTFE pledget.
This is a particularly helpful manoeuvre if the reason for
leakage is that the vessel is tearing, and it is commonly used
for leaks at the top end of an aortic graft.

Figure 5.8 Interrupted anchoring sutures are placed first to unite
the vessel equidistantly around the circumference. The ends of these
sutures are left long and held in forceps. The anastomosis is then
performed with a continuous suture between these anchoring
sutures which are used to rotate the vessel for access. The
continuous suture should slightly evert the edges.
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Figure 5.9 When access or mobility is too poor for the technique
illustrated in Figure 5.8, a running, posterior monofilament suture
draws the ends together and is continued around the front of the
vessel.

END-TO-SIDE ANASTOMOSIS

An end-to-side anastomosis follows similar principles. It is
commonly placed between a diseased vessel and a bypass
graft of either vein or synthetic material. An arteriotomy in
the vessel — the length of which is two or three times the
diameter of the graft — forms the ‘side’ for the anastomosis.
The ‘end’ of the artery, vein or synthetic graft is bevelled, as
this allows it to lie naturally, reduces the angles of flow both
into and out of it, and produces a wider end for the anasto-
mosis. An incorrect angle will predispose to folding or kink-
ing. If access is unrestricted a double-armed suture is placed
first at the ‘heel” and a second similar suture at the ‘toe” (Fig.
5.10). All sutures can then be placed from without. If access
is more restricted, a double-armed suture is placed at the heel
and then the back row of continuous sutures placed from
within before the ends are ‘parachuted’ into apposition. The
anterior portion of the anastomosis is then completed from
without (Fig. 5.11).

Endarterectomy

The atherosclerotic pathology which occludes arteries is
mainly within the intima, with a variable extension into the
media. It is possible to find a surgical plane of cleavage
between the atheromatous plaques and the relatively healthy
vessel wall. A variable thickness of media will thus be excised
with the atheroma. Endarterectomy is undertaken through
an arteriotomy with proximal and distal arterial control, as
described above. It is important to leave a smooth interior to
the cleared artery. This can be difficult when there is thick-
ened, but less severely affected, intima beyond the limit of
the excision. In particular, any intimal step at the distal
extent of the excision must be avoided as the blood flow will

Figure 5.10 The initial anchoring sutures have been placed at the
heel and toe of the anastomosis between the native artery and the
vein graft, and as access is unrestricted the remainder of the
anastomosis will be completed from without.

Figure 5.11 When access is limited, the initial stitch with a
double-armed suture should be at the heel, and the back of the
anastomosis is completed from within in a similar fashion to that
illustrated in Figure 5.9. The front of the anastomosis is performed
from without and on completion the two ends of the suture are tied
together.
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tend to lift residual plaque off the vessel wall, with the risk of
dissection. If a gently shelving intimal plaque edge cannot be
achieved then fine sutures may have to be used to hold this
thickened intima against the vessel wall. The arteriotomy is
then closed, most frequently with a vein patch.
Endarterectomy has now been superseded in most situations
by reconstructive arterial surgery with bypass grafts, or alter-
natively by angioplasty. It is, however, still the most appro-
priate operation for carotid stenosis, and carotid
endarterectomy is described in more detail in Chapter 6.

VASCULAR RECONSTRUCTION

Vascular reconstruction with grafts may be required for a
long congenital stenosis or for trauma where a segment of
vessel wall has been lost or severely damaged. In these situa-
tions the surgeon is handling healthy artery above and below
the area that has to be replaced. However, the commonest
indication for reconstructive arterial surgery is, unfortu-
nately, in patients with degenerative arterial disease causing
stenosis, occlusion or aneurysmal dilatation. The patient has
generalized disease throughout the arterial tree. The arteries
to which the surgeon has to anastomose a graft are often
affected at least to some degree by the same process. Vessels
both proximal and distal to the operation site are also
affected and outflow, or inflow, may be compromised. Most
importantly, the patient is by definition carrying an
increased risk of complications due to occlusive disease in
vessels supplying vital organs — the brain, kidneys and heart.
All of these factors should influence the surgical decisions
and are discussed further in Chapter 6.

Vascular reconstruction in trauma is commonly with a
replacement graft of vein, or prosthetic material, used to
bridge the defect between undamaged proximal and distal
portions of the artery. Autologous vein is preferable if there
has been penetrative trauma. This is best harvested from the
contralateral limb in order to avoid exacerbating any poten-
tial venous compromise. Two end-to-end anastomoses
between the graft and the native vessel are constructed.

Vascular reconstruction for occlusive degenerative disease
is more often with a bypass graft. The native artery is left in
situ and the graft is anastomosed end-to-side above and
below the obstructed segment (Fig. 5.12). Certain advantages
are claimed over an end-to-end replacement technique.
There is less potential for narrowing of the vessel at the
anastomoses, dissection is minimized, and collaterals are
preserved. In addition, the graft does not have to follow the
anatomical route of the native vessel if an alternative is prefer-
able. In-flow above the graft must be adequate, and a good
run-off into distal vessels is essential for success. Vascular
reconstruction for aortic aneurysmal disease is commonly
with an in-lay technique. The aneurysm is opened and the
graft placed within it. The anastomosis is end-to-end, but half
of its circumference is sutured from within (Fig. 5.13).
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Figure 5.12 A bypass graft with end-to-side anastomoses is
frequently used for reconstruction in occlusive vascular disease. The
diseased native vessel is leftin situ.

Autologous vein

Autologous vein is the material of choice for reconstruction
of small and medium-sized arteries. A successful vein graft
quickly becomes thickened to take on many of the character-
istics of an artery. A normal long saphenous vein is the ideal
substitute for an artery of comparable size. If the long
saphenous vein is unavailable, or diseased, then alternative
superficial arm veins can be used, and for coronary artery
surgery the internal mammary vein is a suitable alternative.
The vein may be used to bridge a gap resulting from the
excision of an injured segment, or to bypass a diseased
segment.

‘Vein harvest’ must be meticulous to avoid unnecessary
trauma to the vein, and is described in more detail in
Chapter 6. All tributaries must be identified and ligated
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Figure 5.13 Anin-lay technique is suitable for the graft
replacement of an aortic aneurysm. The aneurysm is opened and the
graft laid within it. The back of both the proximal and the distal
anastomosis is sutured from within.

2-3 mm from the main vein in order to avoid crimping of
the adventitia. When the vein is removed from its bed, it is
then commonly reversed to avoid the effect of its valves. It is
sutured end-to-end to bridge a traumatic defect, or end-to-
side as a bypass for obliterative disease. The suturing meth-
ods are described above. The vein should be sutured under a
moderate degree of tension, otherwise it stretches when arte-
rial blood is admitted, becomes tortuous and prone to
thrombotic occlusion. A vein graft, which is to be used for a
bypass in the thigh, may be left ‘in sit’. It is exposed, isolated
and its tributaries ligated in a similar manner, but it is not
lifted from its bed in the subcutaneous fat. The proximal
end-to-side anastomosis is then performed and the vein graft
is allowed to fill from above, which shows the locations of the
venous valves. The valves are then cut with a valvulotome
inserted into the vein from below. Valvotomy can also be
performed under direct vision using angioscopy.

Prosthetic grafts

Prosthetic grafts are satisfactory for the reconstruction of
large arteries in situations where a vein graft is seldom prac-
tical due to considerations of size. They are inferior to vein
grafts for the reconstruction of small arteries, but are an
alternative for smaller vessels when a vein graft is not possi-
ble. Indeed, with recent improvements in graft material and
surgical techniques, the long-term patency of synthetic

grafts, even when carried down to the ankle, continues to
improve. They are more prone to clotting at low flow veloci-
ties and, in addition, platelet adhesion is a greater problem
than in vein grafts. This will occur especially where blood
flow is turbulent, and the distal end-to-side configuration on
a small vessel is particularly vulnerable.” Cuffs and patches of
vein have been incorporated into these distal anastomoses in
an attempt to improve patency (Fig. 5.14), and when insuffi-
cient vein is available for a whole bypass a composite graft
can be formed reserving the vein for the distal portion.
Prosthetic grafts do not become lined by endothelium, but a
smooth inner luminal surface develops which consists
mainly of collagen.
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Figure 5.14 Vein is the ideal graft material for distal
reconstruction, but insufficient vein may be available. A cuff or a
patch of vein incorporated into the anastomosis between the
synthetic graft and the native vessel may improve long-term
patency.

DACRON

Dacron has proved a durable replacement for the aorta and
iliac vessels. It is less suitable for distal vessels as it becomes
less flexible with time, and damage to its structure occurs
where it crosses joints. The inert polymer thread is woven or
knitted to form a straight tube, or bifurcated graft, of varying
sizes. Knitted grafts have the advantage of greater porosity
which allows more in-growth of native tissue, but the initial
porosity necessitates pre-clotting unless they have already
been sealed during the manufacturing process with collagen,
gelatin or albumin. These sealing agents prevent initial
porosity and leakage, but as they are absorbed tissue in-
growth can occur. These grafts are now in routine use, and
most operating theatres in the UK do not stock grafts that
require pre-clotting. Pre-clotting may still have to be
performed by those surgeons working under financial
restrictions. About 20 mL of the patient’s own unheparinized
blood is passed through the prepared unsealed knitted
Dacron graft to coat the interior. The residual blood is left in
a dish and, after about 4 minutes this residual blood will be
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seen to have clotted. This indicates that blood will also have
clotted in the pores of the graft and partially sealed them. The
procedure is then repeated twice more with further unhep-
arinized blood. On each occasion clotting occurs faster as
activated clotting factors accumulate in the graft wall. The
pores of the graft are now sealed with fibrin and platelets, and
any excess clot is squeezed out of the lumen. Heparin
(20 000 units) is then mixed with 50 mL of blood and flushed
through the graft. This both reverses the thrombogenic
potential of the build-up of mural activated clotting factors
and checks for residual leaks.

Dacron is also valuable as a patch when vein is unavailable.
A small piece can be used as a buttress over which a suture is
tied when suturing friable diseased arterial wall, and a collar
of Dacron can be placed over an aortic anastomosis to sup-
port the vessel wall.

EXPANDED POLYTETRAFLUOROETHYLENE (E-PTFE)

e-PTFE retains flexibility and is usually preferred for infra-
inguinal bypass, although recent trials have shown little dif-
ference between the patency rates of e-PTFE and Dacron.
The material is non-compliant and stitch holes will leak.
Small-diameter needles should therefore be used. It also has
no longitudinal elasticity, and tension must be avoided — in
contrast to the technique with a vein graft where tortuosity is
of greater concern. Research continues into other graft mate-
rial and into modifications of biological material such as
human umbilical vein.

Assessment of vascular reconstruction

Assessment of flow at the end of any reconstructive proce-
dure is important, and on-table angiography is the ‘gold
standard’. Failure of a graft in the first few hours is usually
due to a technical failure which could have been detected
before the wound was closed. The graft may be twisted,
kinked or tortuous. Alternatively, there may be residual
undetected clot in the distal vasculature, or an anastomosis
may be leaking and the resultant haematoma is compressing
the graft. Re-exploration is mandatory.

Failure of a vein or prosthetic graft may occur early or late
as a result of thrombosis. Long-term patency of vein grafts is
superior to that of prosthetic grafts, and this difference
increases in smaller vessel reconstructions. Late atheroma and
stenosis can develop within a vein graft, but more commonly
there is disease progression in the native vessels that impedes
the inflow or the outflow. Aneurysmal change, in which the
vein becomes tortuous and dilated, can also occur. Sluggish
flow then predisposes to thrombosis. Tortuosity, dilatation
and atheromatous stenosis do not occur within prosthetic
grafts. However, the bond between the prosthesis and the
native vessel remains vulnerable and late anastomotic disrup-
tion and false aneurysm formation may occur. Infection is a
major concern with prosthetic grafts, but less so with vein
grafts.® Once established, infection is very difficult to eradi-

cate and usually heralds the loss of the graft. Grafts impreg-
nated with antibiotics have been developed in an attempt to
overcome this complication. Prophylactic antibiotic cover is
routine for all reconstructive vascular surgery.

Grafting techniques in different anatomical locations and
varying circumstances are discussed in Chapter 6, where the
surgical challenges of the occluded, disrupted and infected
graft are also addressed.

MICROVASCULAR SURGERY

Advances in operating microscopes, miniature instruments,
suture materials and surgical techniques have led to the
development of microsurgery, mainly as a subspecialty of
plastic surgery. It has enabled reconstruction of arteries pre-
viously considered too small for any attempt to be worth-
while. Digital vessels can be repaired, and the small nutrient
arteries of free flaps anastomosed to allow free tissue transfer.
This is discussed in more detail in Chapter 1. Microvascular
surgery is restricted to specialist units, where the volume of
work is such that expertise can be developed, and patients
should be transferred to these centres.

RADIOLOGICAL INTERVENTIONAL
ALTERNATIVES

Minimally invasive endoluminal vascular interventions have
found an increasing place in the management of vascular
pathology.” Angioscopy is performed by some vascular sur-
geons, but for most intra-luminal procedures reliance is
placed on radiological imaging. The minimally invasive intra-
luminal techniques have in the main been developed by radi-
ologists, as an extension to their diagnostic angiography skills.
Interventional radiologists work in close cooperation with
vascular surgeons and there is considerable cross-over
between the disciplines. The most appropriate management
for an individual patient will depend not only on the vascular
lesion which is present but also on the patient’s overall condi-
tion and on the skills and facilities that are available.

A femoral artery approach is the most versatile for inter-
ventional procedures, but the brachial artery is an alterna-
tive. Floppy-ended catheters can be passed up the femoral
artery into the aorta, or any of its branches, under X-ray con-
trol. They can be advanced into the left heart. The catheter
can be used for injection of contrast for angiography. In the
Seldinger technique a floppy-ended guide wire is advanced to
the appropriate position and a catheter is then introduced
over the guide wire. This is a standard method of delivering a
balloon catheter or stent through a stricture.

Angioplasties
Angioplasties are a satisfactory alternative to reconstructive
surgery for many arterial stenoses. Inflation of the balloon



Varicose veins 81

splits the atheromatous plaque and enlarges the lumen. In
general, this approach is more successful in short stenoses.
The success of a false lumen created by the accidental sub-
intimal passage of the balloon has led to deliberate sub-inti-
mal angioplasties with superior results in some centres for
long strictures. Angioplasty is also appropriate for fibromus-
cular stenoses. However, these frequently re-stenose quickly
and consideration must be given to primary stenting or
surgery.

Stents

Stents can be introduced using a similar technique and
allowed to expand once in position. They may be employed
to maintain a lumen after dilatation of a large artery. Intra-
luminal stenting of aortic aneurysms is now an established
technique, though its value is still under review. Venous
stents (introduced through the femoral vein) may maintain
iliac venous patency when the vein is compressed by malig-
nant pelvic lymph nodes.

Fibrinolysis

Fibrinolysis is now often a superior alternative to surgery in
an acutely ischaemic limb, provided that the limb is not so
acutely threatened that any further delay would be critical to
tissue survival. Streptokinase and other newer agents are
delivered into the clot via a catheter sited at angiography.
Streptokinase is strongly antigenic, and repeat treatment
risks anaphylactic reactions. The more expensive tissue plas-
minogen activator (t-PA) is safer, and is widely used by vas-
cular surgeons because it is much more effective in clearing
both occluded grafts and the large vessels of the lower limbs.
A variety of regimes have been developed with slow infu-
sion, pulsed-spray delivery and high-dose bolus infusion. In
some methods there is a mechanical element to the clot dis-
ruption in addition to the pharmacological. During treat-
ment there is often an initial deterioration in perfusion and
a worsening of ischaemic pain as the clot fragments, and
careful monitoring and pain relief are essential. Although
the fibrinolytic agent is delivered locally, there is a systemic
risk of haemorrhagic complications, exacerbated by the need
to keep the patient fully anticoagulated with heparin. These
have to be balanced against the alternative risk of operative
intervention. Trial data suggest that female patients over 80
years of age are particularly prone to haemorrhagic compli-
cations.

Embolization

Embolization of arteriovenous malformations and inaccessi-
ble bleeding arterial vessels is another area where the inter-
ventional radiologist may be able to achieve better results
than conventional surgery. In both situations vascular oblit-
eration is desired at the site of the pathology, but at open
operation the surgeon can often only ligate feeding vessels.
This is less satisfactory as inflow is re-established from
collateral vessels.

BASIC VENOUS SURGICAL TECHNIQUES

Many of the basic vascular techniques are similar for arter-
ies and veins. Principles of proximal and distal vascular
control are similar. Venous bleeding may be profuse but
local pressure — and the utilization of gravity to reduce
venous pressure — will normally control the immediate
problem. A small vein can then nearly always be safely
ligated. A large vein can be sutured in a similar fashion to
an artery, but the wall is more delicate, and more elastic.
Venous thrombectomy and embolectomy have been
virtually replaced by intra-vascular thrombolytic tech-
niques.

Vein has, however, proved to be the ideal material for arte-
rial reconstruction. A small piece of long saphenous vein can
be harvested and shaped into a patch or cuff, as discussed
above. A short segment of vein can form a bridge between
arterial ends severed by trauma, and a longer length of long
saphenous vein is the ideal bypass graft for infra-inguinal
occlusive arterial disease. These techniques are discussed in
more detail above and in the relevant sections of the next
chapter.

Venous reconstructive surgery has been disappointing in
comparison with the results for arteries, as the low velocity
flow in veins predisposes to thrombus formation.
Sophisticated techniques, sometimes involving the creation
of a controlled arteriovenous fistula to increase flow, have
however been associated with success and are discussed in
more detail in Chapter 6. Arteriovenous fistulae are also cre-
ated for venous access for renal dialysis and are described in
Chapter 6.

VARICOSE VEINS

Patient demand for the treatment of varicose veins is high.
Many patients are only troubled by the unsightly dilated
superficial veins, but others complain of aching legs on
standing. A minority have complications of chronic venous
insufficiency, including venous eczema, lipodermatosclero-
sis and chronic venous ulceration. Varicose vein surgery
should be strongly advised for those who are developing
signs of venous hypertension, when it can be shown that
venous reflux into superficial veins is a major contributory
factor. In 40 per cent of cases varicose veins will be the sole
cause, and in a further 40 per cent there is a mixed superficial
and deep component. However, venous hypertension in 20
per cent is due to deep venous incompetence and insuffi-
ciency alone. These patients may attribute their symptoms to
their coexistent varicose veins, but simple varicose vein sur-
gery will offer little benefit, and may even harm these
patients.

Careful preoperative assessment of patients with varicose
veins is essential.®
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AETIOLOGY AND ASSESSMENT

The majority (80 per cent) of varicose veins originate from
the long saphenous vein (LSV). Either the entire LSV or the
segment below the mid-thigh perforator is incompetent.
However, the remaining 20 per cent of varicose veins
originate from the short saphenous vein (SSV) and therefore
require a different approach. The proportion of limbs
demonstrating calf perforator and SSV reflux grows as the
burden of chronic venous insufficiency increases,” such that
over one-third of patients with a leg ulcer will have SSV dis-
ease on duplex scanning. Careful preoperative assessment is
therefore essential. Given the labour-intensive nature and
often limited availability of colour-flow Doppler scanning, a
pragmatic approach is to perform a clinical and hand-held
Doppler assessment on all patients with varicose veins in
the out-patient department, referring those with either
ambiguous distribution of reflux, or audible venous reflux in
the popliteal fossa to the vascular laboratory for further
imaging. Reflux heard while insonating over the popliteal
fossa or the posterior aspect of the calf is difficult to interpret,
even by the most experienced clinicians. Furthermore, an
unnecessary exploration and/or failure to find an unusually
situated sapheno-popliteal junction are hazards that can be
minimized by the judicious use of preoperative duplex.

Duplex scanning provides anatomical and physiological
information that is invaluable, and is increasingly employed
in the routine preoperative assessment. In patients with
recurrent varicose veins and those with complications of
chronic venous insufficiency this assessment has increasing
importance. It is only after a full assessment that optimum
treatment can be planned.

ANATOMY

The great saphenous vein is almost universally known to sur-
geons in the UK as the long saphenous vein, and this more
familiar name is therefore used in the text. It commences on
the medial aspect of the foot and lies along the medial aspect
of the limb in the subcutaneous fat until its termination at
the sapheno-femoral junction. It passes in front of the
medial malleolus at the ankle, and behind the femoral
condyle at the knee. Superficial tributaries, and connections
with the short saphenous system are variable. There are,
however, always several tributaries to the proximal few cm of
the vein. There are also connections with the deep venous
system via perforators (veins which perforate the deep fascia).
In the thigh, perforators form a junction with the long saphe-
nous vein itself; in the leg the junction is with a posterior
tributary of the LSV, the posterior arch vein (Fig. 5.15).

The small saphenous vein is also more commonly known
by its old name of the short saphenous vein. It is formed on
the lateral side of the foot, ascends behind the lateral malleo-
lus, and lies on the lateral and then posterior aspect of the leg
until its termination at the sapheno-popliteal junction. To
reach its termination, the vein must pierce the dense deep
fascia of the popliteal fossa, and this occurs at a variable point

Figure 5.15 The anatomy of superficial veins is very variable
except for the main long and short saphenous trunks. The thigh
perforators communicate directly with the long saphenous vein
(LSV). Below the knee the perforators marked N and K communicate
only with tributaries of the main trunks.

from the upper mid calf to just above the skin crease behind
the knee. The sapheno-popliteal junction is also variable in
position, as is the length of vein lying beneath the fascia. This
anatomical variation is itself a strong indication for routine
duplex scanning prior to short saphenous surgery.

Sclerotherapy

Injection sclerotherapy was widely practised for many years,
but its use declined when it became clear that lasting benefits
were rare and that there were frequent skin complications.
Good results can, however, be obtained by injection scle-
rotherapy alone in a selected group of patients who have
minor cosmetic varices that are not associated with an
incompetent sapheno-femoral or sapheno-popliteal junc-
tion. Incompetent junctions require surgical ligation, after
which sclerotherapy can be successful in closing any residual
varices. A delay of around 6 weeks will allow any natural
improvement to occur and avoid unnecessary treatment.
However, as most of the dilated superficial veins can be
removed at the time of surgery by a combination of venous
stripping and avulsions, many vascular surgeons have aban-
doned sclerotherapy entirely.
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Sapheno-femoral ligation (Trendelenberg)

The incision is centred 1 cm below and 2 cm lateral to the
pubic tubercle. If the groin crease is at this level it is often con-
venient to use this as it gives a superior cosmetic result.
However, in obese patients the skin crease may not be at the
desired level for exploration and it is often affected by inter-
trigo and more prone to infection. The vein is usually palpable
with the patient standing and can be marked pre-operatively.
Alternatively, pulsation of the femoral artery lying immedi-
ately lateral is a useful landmark. The incision is deepened
through the subcutaneous fat, and then through a membra-
nous layer of superficial fascia (Scarpa’s fascia). The vein lies
in the fat, deep to this layer. The vein is cleared proximally and
distally, either by sharp dissection or by gentle blunt dissec-
tion, until its termination in the femoral vein and all its tribu-
taries are exposed (Fig. 5.16a). The saphenous vein must not
be divided until it has been unequivocally identified. The
common femoral vein must be clearly seen to continue both
proximally and distally to the sapheno-femoral junction. It is
usually a different colour to the LSV and a small external
pudendal artery usually — but by no means always — crosses
transversely between the two veins. The medial and lateral
sides of the common femoral vein should be exposed, both to
confirm the anatomy and to ensure that the medial tributaries
that can cause vulval varices are divided (or simply ligated if
space is restricted). The multiple tributaries to the sapheno-
femoral junction and the proximal LSV are then ligated and
divided. The counsel of perfection suggests that these tributar-
ies should be pursued to the first division and then each tribu-
tary ligated separately at this level. Dividing the tributaries out
at their first division makes recurrence from the formation of
collateral channels less likely than if the ligated tributaries are
lying in close proximity to the saphenous stump. The LSV is
then divided between artery forceps close to the sapheno-
femoral junction, so that the stump can be suture ligated in
such a way that that there is no deformity of the common
femoral vein (Fig. 5.16b). Pinching this vessel with a stitch, or
leaving an over-long stump of LSV, are both likely to increase
the risk of deep venous thrombosis. The distal cut end of the
LSV is then ligated if no strip is to be undertaken.

If at any stage major venous bleeding occurs, the greatest
danger is that the surgeon — in his or her anxiety to arrest
haemorrhage — may apply artery forceps blindly in the
depths of the wound, and by so doing may cause damage to
the femoral artery or vein. Firm pressure with a gauze swab
and reduction of venous pressure by lowering the head of the
table should be initiated instead, and maintained for 5 min-
utes, before the damage is reassessed. By this time bleeding
will have almost ceased and the application of artery forceps
to a vessel from which a clip or ligature has slipped, or the
repair of a femoral vein tear, will be relatively easy.

Most surgeons combine this operation with a strip of the
LSV between the groin and the knee, as if it is left in situ the
chance of recurrent varicose veins is higher." If the strip is
extended much below the knee, the risk of damage to the

Long saphenous
vein

Femoral
vein

Figure 5.16 Sapheno-femoral ligation. (a) The terminal few
centimetres of the LSV and its tributaries are exposed. (b) The
tributaries are ligated and divided. The proximal end of the LSV is
lifted forwards to display the sapheno-femoral junction and any
remaining tributaries. Finally, the LSV is transfixed flush with the
femoral vein.

great saphenous nerve increases significantly. A few surgeons
pursue a selective policy and preserve the vein if it is of small
diameter and the thigh perforators are competent. This deci-
sion should be based on accurate preoperative assessment,
including duplex scanning. The removal of a relatively nor-
mal LSV deprives the patient of a potential donor vein.

Groin surgery for recurrent varicose veins

Surgery for recurrent varicose veins is associated with signif-
icantly more morbidity and poorer patient satisfaction than
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varicose vein surgery in an unoperated groin. The common-
est causes of recurrence associated with reflux from the
groin include failure of complete sapheno-femoral discon-
nection at the original operation, and neovascularization
that has resulted in new connections between the common
femoral vein and a LSV which was not stripped but left in situ
in the thigh."" Recurrence can also occur through a mid-
thigh perforator with reflux carried up to the groin in a per-
sistent LSV. Preoperative imaging by duplex — or less
commonly now, by varicography — is essential. If a
significant connection at the groin is demonstrated, then re-
exploration of the groin should be considered. However, if
the groin component is trivial and the LSV is being fed by a
thigh perforator, stripping from the level of the knee to
the perforator, leaving the groin untouched, should be
considered.

Re-exploration of the groin is indicated when there are
recurrent varicose veins associated with significant groin
reflux. The saphenous vein may not have been tied flush at
the original operation and juxta-femoral tributaries may
have been left in situ. Reflux is continuing through these
and still filling the distal superficial veins. Alternatively,
there may have been failure in the identification of the LSV
at the original procedure, and a large tributary — or one
arm of a double saphenous system — may have been
mistaken for the LSV itself. In these instances re-
exploration can be fairly straightforward, but it must be
remembered that the surrounding scar tissue has greater
tensile strength than these veins, which are easily torn —
particularly if blunt dissection is used. Veins formed by
neovascularization are thin-walled vessels and are thus very
difficult to dissect. They also lie anterior to the femoral
vein. It is therefore recommended that in re-exploration
the femoral vein is approached laterally through unscarred
territory.

The skin incision is usually placed transversely, though
some advocate a vertical incision, just medial to the pulsa-
tion of the artery, allowing a greater longitudinal exposure
of the common femoral vein. During dissection it is
important to remember that a lymph leak is a frequent
complication. The lymphatic vessels run in the line of
the blood vessels, and transverse division of tissue
without ligation should be avoided. The anterior surface of
the femoral artery is identified first and this leads the dis-
section to the correct level to identify the anterior surface
of the femoral vein. All tissue passing anteriorly from the
vein can then be isolated and divided. One way of doing
this is to identify a clear portion of the common femoral
vein above and below the level of the recurrence, and then
pass a tie or suture around the mass of scar tissue lying
anteriorly. This will contain any remaining sapheno-
femoral junction, whether veins missed at the original
operation or thin-walled veins from neovascularization. In
recurrent groin surgery for varicose veins, the LSV should
always be stripped if it was left in situ at the original opera-
tion.

Vein stripping

The stripper consists of a length of wire or plastic which can
be passed along a vein from one opening into the vein to
another. The portion of vein between is then stripped out
under the intact skin (Fig. 5.17). A rigid metal ‘pin-stripper’
is favoured by some surgeons. The technique is used most
frequently for the removal of the LSV in the thigh after the
completion of a sapheno-femoral ligation, but the technique
is also applicable to other lengths of superficial vein.
Stripping down from the groin distally is considered by some
surgeons to be preferable to stripping towards the groin, but
the traditional strippers can be introduced from either end as
the heads are detachable and interchangeable (Fig. 5.17).
Stripping techniques that invaginate the vein are gaining
popularity as they cause less trauma to adjacent tissue.

A long saphenous strip is performed after completion of
the groin dissection. The LSV should be exposed in the groin
for as much length distally as is possible as there is often a
large medial upper thigh tributary, which can be ligated

Figure 5.17 A plastic disposable stripper with a range of sizes of
‘olive’ or ‘acorn’ heads. The subcutaneous route of the stripper, in a
strip of the LSV from knee to groin, is shown with a dotted line.
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reducing the chance of a groin haematoma. Identification
also lessens the likelihood of entering this tributary with the
stripper if it is passed from above.

Traditionally, the LSV is exposed below the knee by a small
incision over a skin mark placed preoperatively to mark a
suitable site. The vein is isolated, an artery forceps insinuated
beneath it, and a second artery forceps applied across the
vein. A loose ligature is then placed around the vein above
this point and held in artery forceps. A small incision is made
into the vein between the artery forceps and the loose ligature.
The stripper, with a small blunt head attached, is introduced
and advanced beyond the loose ligature which is then ligated
snugly to prevent bleeding (Fig. 5.18a). The vein has then to
be fully divided and the distal end ligated (Fig. 5.18b). It may
however be preferable to delay this until the stripper has been
successfully threaded along the whole length of the vein, as it
provides additional stability. The stripper should be palpable
through the skin throughout its course. If it catches in a trib-

utary or varix, then guidance by pressure from without, com-
bined with partial withdrawal and rotation of the stripper,
will usually allow it to pass. If this manoeuvre is unsuccessful,
an additional incision may be made over the vein at the point
where the stripper has stuck, and the vein may have to be
removed in segments. A stripper which becomes impalpable
may have entered the deep veins and must be withdrawn with
great care to avoid damage.

The stripper head finally presents in the groin wound
within the distal stump of the LSV to which the artery forceps
is still applied. A loose ligature is placed around the vein a
few centimetres below the forceps, and a small incision made
through which the head can be delivered (Fig. 5.18¢c). The
ligature is then tied. A larger acorn- or olive-shaped head is
then attached to one end of the stripper and traction on the
other end will deliver the stripper, with the avulsed vein
attached, out through the wound (Fig. 5.18d). Tributaries
and perforators will be avulsed, and it is important to reduce

Figure 5.18 (a) A ligature has been placed around the LSV, which has been isolated just below the knee. The stripper
is passed through a small incision in the vein and guided through the loose ligature. (b) The ligature has been tightened
to prevent back-bleeding, and the stripper has reached the groin. The vein is fully divided and the distal end ligated.

(c) A loose ligature has been placed around the LSV in the groin, just below the forceps on the divided distal end. The
stripper is guided through this ligature, which is then tightened, and then delivered out through a small incision in the
vein. (d) The stripper has been pulled out and the whole length of the avulsed vein is telescoped against the stripper

head.
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haemorrhage by tilting the table head down a few minutes
prior to stripping if the entire operation has not been per-
formed in this position. The limb is either bandaged, or has a
compression stocking applied, as soon as the wounds are
closed. Therefore, if any additional surgery is necessary, such
as multiple phlebectomies, the final delivery of stripper and
vein should be postponed until this has been completed.
Retrograde introduction of the stripper from the groin has
the advantage that only a very small incision is needed at the
distal end. After completion of the groin dissection, the
stripper is introduced into the LSV, with a single throw tie
around the vein to control bleeding. The stripper is advanced
down the vein. Often, the first valve is partially intact and this
must be broken. If this area of vein can be visualized this can
reassure the surgeon that the sudden ‘give’ was not the strip-
per passing out of the vein. The stripper can be followed by
palpation as it passes to just above, or below, the knee and
here a small incision is made for retrieval of the stripper. At
this point the tie on the proximal end should be completed.
Artery forceps are passed through the small distal incision
and the LSV, with the stripper within it, is grasped and firmly
pulled. The vein may tear but the stripper will come through
the skin. If the vein is intact, a small venotomy is made and
the distal portion of the stripper delivered. The stripper is
then pulled down and, without an acorn head the vein will
invert and come through a very small cut in the skin. Some
surgeons use a large acorn and strip down, but do not deliver
the vein and acorn out through the lower incision. Instead,
before the vein is stripped, a long heavy tie is attached to the
acorn. This allows the vein to be pulled back up again, after
stripping and distal division, for delivery in the groin.

Short saphenous ligation

The position of the sapheno-popliteal junction is very vari-
able and, as the upper portion of the SSV is no longer easily
palpable after it has pierced the fascia, it is important to mark
the vein and its termination preoperatively by ultrasound.
Patients must be anaesthetized in such a way that the airway
is secure as they are turned into a prone position to afford
surgical access to the popliteal fossa.

A transverse skin incision is made over the vein about
2 cm below its termination. The vein can be seen as a blue
line through the deep fascia. The deep fascia is then divided
in line with the skin incision, or vertically which gives better
access. The vein is isolated by careful sharp dissection until
an artery forceps can be passed deep to it, with care taken to
avoid including the accompanying, and often adherent, sural
nerve. The vein is divided between artery forceps and the dis-
tal end is then ligated. The proximal end is then followed
deep into the popliteal fat to the sapheno-popliteal junction,
and ligated flush with it. The finding of multiple tributaries
from muscles heralds the approach of the junction. These are
easy to tear, and tying them off is time-consuming and often
difficult. There is frequently a superior tributary to the last

1 cm which is the termination of a superficial vein, and
which may also communicate with the long saphenous sys-
tem. It is important to ligate and divide this tributary as, if
left, it is a source of recurrence. The sapheno-popliteal junc-
tion is not always a distinct T-junction as found in the groin,
and the vein may terminate amongst a plexus of thin-walled
deep veins. Over-zealous dissection may damage these and
cause resultant haemorrhage which is difficult to control.
There is also great anatomical variation. The SSV may enter
the popliteal vein well above the popliteal skin crease, and on
occasion an incompetent short saphenous vein may have no
communication with the popliteal vein. The superior branch
may be so large that it appears as a continuation of the main
vein and there is only a short wide side communication
between superficial and deep veins at the level of the
popliteal skin crease. This variant must be considered as it
can be damaged by rough passage of an instrument deep to
the saphenous vein, especially if the preoperative marking
has been misleading.

Perforating veins

A thigh strip will avulse all the significant thigh perforators.
Alternatively, isolated incompetent perforating veins in the
thigh can be ligated through a small incision after careful
preoperative marking. The LSV is isolated above and below
the junction with the perforating vein, which is also defined.
Artery forceps are applied to the three limbs of the T-junc-
tion and the vein between divided. The ends are then ligated.

Perforating veins in the calf do not join the long saphenous
vein directly, and stripping of the main vein to the ankle does
not treat them (see Fig. 5.15). When surgery is indicated for
incompetent calf perforators there are usually severe skin
changes in the area, and incisions directly over the vessels are
unlikely to heal satisfactorily. The skin is often also adherent to
the underlying fascia. For these reasons a sub-fascial approach
is preferable. The incision through skin and deep fascia is
placed in healthier adjacent tissue, and the plane between the
muscle and deep fascia developed. The perforating veins cross-
ing this plane are ligated and divided. Preoperative marking of
the perforators is unnecessary if the operation is to be per-
formed using a minimal access technique. This subfascial
endoscopic perforator surgery can be performed with fewer
complications than the open operation, but the long-term
benefit of either procedure has yet to be demonstrated.

The surgical options in chronic venous insufficiency
including reconstructive venous techniques are discussed in
Chapter 6.

VASCULAR TRAUMA

The proportion of a surgeon’s vascular work which is related
to trauma is extremely variable. Vascular injury is common
in war situations, but is also frequent where there is a high
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level of urban violence. In many of these scenarios the condi-
tions for complex vascular surgery may be sub-optimal, and
the management of the vascular injuries will have to be tai-
lored to the level of surgical and support facilities available
and the vascular experience of the surgeon. In the UK, most
vascular injuries are iatrogenic.

latrogenic vascular injuries

Vascular injuries that occur during open surgery are nor-
mally immediately obvious because of haemorrhage. Many
are clean arterial incisions which can be closed as an arteri-
otomy, once vascular control has arrested the haemorrhage.
Injuries to large veins can be repaired in a similar fashion,
but it is often more appropriate simply to ligate a smaller
vein. latrogenic injuries to the aorto-iliac vessels have been
reported from the initial entry into the peritoneal cavity with
a Veress needle at the start of laparoscopic surgery. These
injuries may extend through the back wall of the vessel, and
it is important to mobilize the vessel sufficiently so that the
posterior wall can be checked and repaired if necessary.

The cannulation injury to an artery at angiography usually
seals and heals uneventfully. However, a false aneurysm can
form after femoral angiography, or more commonly after
cardiac catheterization and angioplasty. If distal flow is satis-
factory an operation can often be avoided. Ultrasonography
is used to verify the connection with the artery. Local pres-
sure with the ultrasound probe for 15-20 minutes over the
leaking point can then induce thrombosis in the aneurysm.
Many radiologists will inject thrombin, under ultrasound
guidance, into a suitably sized aneurysm. However, larger
lesions and those that are actively bleeding often require sur-
gery. The associated co-morbidity — which is often the reason
for the intervention in the first place — means that actively
bleeding patients are often under-resuscitated, and this must
be carefully corrected during the preoperative period. The
co-morbidity also explains the high mortality in those
patients who require surgical intervention. The smaller
brachial artery is more likely to thrombose and occlude. The
forearm is seldom threatened with critical ischaemia as there
is a good collateral anastomosis around the elbow. However,
long-term symptoms of forearm claudication may be trou-
blesome, and if forearm muscle ischaemia is more severe a
Volkman’s contracture may ensue. Therefore, an occluded
brachial artery after angiography should not be ignored. A
balloon thrombectomy will usually restore flow, after which
a formal repair can be undertaken. This will most often
involve the repair of an intimal flap.

Trauma

Penetrative trauma may traverse a blood vessel wall. The
damage can vary from a clean incision with a sharp knife to
extensive destruction from a high-velocity bullet injury (see
Chapter 3). Vascular injury can also occur in blunt trauma.

A spicule of fractured bone may lacerate a vessel, or a
crushing, shearing or stretching force may contuse or tear
the vessel wall. An adventitial haematoma from a crushing
injury is relatively harmless, but an intimal split — which is
common with a shearing injury — predisposes to the forma-
tion of secondary thrombus, or dissection of the arterial
wall. Distal blood flow may be satisfactory on initial exami-
nation, but is then lost as thrombosis or dissection develops
at the site of injury. If both the intima and media split, the
vessel is held only by the adventitia and delayed rupture
can occur, or occasionally a late aneurysmal dilatation
develops.

Surgical intervention

The decision to explore an artery is straightforward if there is
an overlying wound with profuse arterial bleeding and distal
ischaemia. Often, the decision is more difficult and has to be
based on the probabilities of an arterial injury. An arteri-
ogram is invaluable in these circumstances and should be
performed if at all possible.

EXPLORATION OF AN ARTERY

The exploration of an artery for traumatic damage is often a
compromise between the exploration of the wound already
present and the standard approach to the vessel described
below. If there is profuse haemorrhage, this must be held in
check until the vessel has been mobilized sufficiently to gain
proximal and distal control. Surgical access may therefore be
required first to a major vessel proximal to the site of injury
for temporary inflow control. Brisk bleeding usually indi-
cates a partially severed artery which is unable to contract. A
completely severed artery will often close with intense spasm,
and the contracted ends are found lying within a
haematoma. Proximal and distal tapes should therefore be in
position before an arterial haematoma is explored.

‘Arterial spasm’ associated with an injury is an unsafe
diagnosis, and if good distal flow is not restored within
2-3 hours the artery must be explored, unless angiography
has been performed which confirms continuity of the vessel
and no evidence of arterial trauma. Discontinuity on an
angiogram is not spasm. When an apparently intact, but
contracted, artery is found at exploration it should be viewed
with great suspicion. There is almost certainly damage to the
intima in the form of a transverse split, and the spasm is sec-
ondary to this. Application of local vasodilator drugs may
abolish the spasm and temporarily restore some distal flow,
but this should not reassure the surgeon that there is no sig-
nificant damage. Deterioration may occur later as the distal
edge of an intimal tear rolls up to form a partially occluding
flap on which thrombus develops. When an intact — but con-
tracted and contused — artery is found it must be explored.
The damage will be at the proximal end of the contracted
segment. The damaged section of artery at the junction
between the normal and contracted segments should be
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excised and continuity restored. In most situations a short
venous bridging graft will be necessary.

Sometimes at exploration a large expansile haematoma or
false aneurysm is encountered, associated with a small arte-
rial wound. The haematoma should be evacuated and the
artery repaired.

SIMPLE LIGATION

Simple ligation of a damaged artery is always an alternative to
repair, and is occasionally the only solution even for proximal
arterial injuries in combat conditions. The vessel is ideally
ligated at the site of injury, but occasionally a more proximal
ligation is the only possibility, due to problems of access.
However, any arterial injury at or above the elbow or knee
should be repaired or reconstructed, if at all possible, as simple
ligation at this level risks significant ischaemia, even if the limb
remains viable. (The subclavian and superficial femoral
arteries constitute exceptions to this general rule, as good
distal perfusion is maintained by collaterals.) Repair or recon-
struction of arteries below the knee or elbow is desirable, but
only necessary if more than one main artery is injured, or
when there is compromised tissue perfusion as a result of
anatomical or pathological variations in arterial arcades.

Intravenous drug abuse is associated with multiple punc-
tures of both veins and arteries in the groin and antecubital
fossa. Arteries are damaged both by the mechanical trauma
to the vessel wall and repeated infections. Surgical interven-
tion may be necessary for bleeding, or for an expanding
pseudoaneurysm. Ligation is indicated as reconstruction in
these circumstances is extremely difficult. Fortunately, the
vessel has usually been damaged so many times that the col-
laterals are well developed.

ARTERIAL REPAIR OR RECONSTRUCTION

This first requires the clearance of thrombus from the proxi-
mal and distal arterial tree by the passage of a Fogarty
catheter, followed by instillation of heparinized saline. A
clean incision in a large artery may be sutured without nar-
rowing the lumen, but it is often necessary to use a vein patch
in a smaller artery, or when contused edges of the arterial
wound have had to be trimmed. A completely severed artery
can be repaired by direct end-to-end apposition if minimal
trimming is required and there is no tension. More often, a
short vein graft interposition is required after contused ves-
sel wall adjacent to the injury has been excised. The proximal
end-to-end anastomosis is completed and the graft allowed
to fill. The vein graft is then cut to the appropriate length,
and the distal anastomosis performed. If access to the injury
is difficult, simple ligation followed by a bypass graft is an
alternative. The foreign material of prosthetic patches and
grafts should preferably be avoided in penetrative trauma as
the operative field is contaminated.

The most frequent repair is a simple closure of a groin
puncture site after an endovascular investigation or thera-
peutic intervention. The cannula has often been inserted into

a diseased portion of the superficial femoral artery, or into its
bifurcation. In these circumstances the puncture wound is
held open and the bleeding is resistant to pressure. A vertical
groin incision will usually be adequate, and the incision is
extended proximally to expose the external oblique and the
inguinal ligament. The common femoral artery is controlled
with a vascular clamp immediately below the inguinal liga-
ment. However, this may not be possible, or the bleeding
may be coming from a puncture above the inguinal ligament.
In these circumstances the external iliac artery must be
clamped. The external oblique is split, then the internal
oblique and transversalis layers, and usually the lateral por-
tion of the rectus sheath. The peritoneum is not entered but
is swept up to expose the retroperitoneal iliac vessels.

VENOUS REPAIR AND RECONSTRUCTION

This is often disappointing, as discussed above. However, a
simple laceration in a large or medium-sized vein can usually
be sutured successfully. More extensive repair or reconstruc-
tion is advisable when major axial veins (e.g. the femoral) are
damaged. Distal veins are more appropriately treated by lig-
ation except in the ‘near-amputation’ situation, when the
restoration of venous drainage, in addition to arterial recon-
struction, improves outcome.’ Two veins should be rejoined
for each artery. An oblique end-to-end technique with inter-
rupted sutures is recommended.

EXPOSURE OF THE MAIN VESSELS OF THE
TRUNK AND LIMBS

Exposure of the main vessels of the trunk and limbs is
described below, and the emergency situations in which this
might be required are discussed. Emergency exposure may
have to be undertaken in acute occlusion, spontaneous
aneurysmal rupture, or when arterial injury is suspected.
However, the commonest indication for exposure of a main
artery is for the reconstruction of stenosed or aneurysmal
vessels damaged by chronic arterial disease. These elective
operations are described, and their indications discussed, in
more detail in Chapter 6.

The intrathoracic aorta and great vessels of the
superior mediastinum

Any general surgeon working outwith a major centre will
occasionally be required to gain emergency access to these
vessels in a patient with major trauma for whom transfer to a
thoracic unit is not an option (see Chapter 7). A median ster-
notomy exposes the aortic arch and the roots of the major
arteries which arise from it."> The incision can be extended
upwards along the anterior border of sternocleidomastoid to
include more extensive access to the carotid vessels.
Alternatively, a lateral extension above the clavicle provides
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further access to the subclavian vessels. The descending tho-
racic aorta is exposed through a left lateral thoracotomy.

Side occlusion of the arch of the aorta may allow repair to
a localized area of damage (see Fig. 5.2b, page 72). This
technique is often applicable in elective surgery for occlusive
disease at the roots of the major arteries. Unfortunately, in
trauma the anatomy is distorted by haematoma, and the
damage may be extensive. Successful repair may require
cross-clamping of the aorta and cardiopulmonary bypass
techniques.

The carotid arteries

Endarterectomy for the prevention of stroke is the most fre-
quent elective vascular operation in the neck, and is the com-
monest indication for surgical access to the carotid arteries.
The operation is described in Chapter 6. A similar approach is
required for excision of a carotid body tumour. Carotid artery
exposure in an emergency is almost exclusively for penetrating
trauma to the neck, the management of which is discussed in
Chapter 9. The neck is arbitrarily divided into three zones (see
Fig. 9.3, page 157) for the management of neck trauma. Zone
I extends for 1 cm above the upper border of the manubrium,
Zone 3 is above the angle of the mandible, and Zone 2 lies
between. Lateral penetrating wounds in Zone 2 so commonly
involve the carotids that some surgeons recommend explo-
ration in all cases, although others are more selective."” Injuries
in Zones 1 and 3 less frequently involve the carotid arteries,
and both the exposure of the vessels and their repair are more
difficult. Angiographic assessment of injuries in Zones 1 and 3
is therefore recommended before any surgical exploration. In
Zone 1 the common carotid is deep to omohyoid, and any
injury may also involve other major vessels in the superior
mediastinum. A median sternotomy with extension of the
incision up into the neck may be required (see Fig. 9.4, page
157). In Zone 3 the carotids are less accessible, lying deep to
the posterior belly of digastric and the parotid gland; the exter-
nal carotid may be within the gland. The involvement of a
neurosurgeon may be essential as there may be no undamaged
internal carotid artery outside the cranium.

Uncontrollable haemorrhage into a severely damaged
face, maxillary antrum or larynx can be life-threatening.
Ligation of the external carotid artery on the side of the
injury can be life saving, and is approached by the exposure
of the carotid bifurcation. The external carotid is the antero-
medial branch (see Chapter 9).

ANATOMY

The common carotid artery begins its course in the neck behind
the sternoclavicular joint. Thence, it passes upwards, deep to
the sternocleidomastoid muscle, in a line towards the lobe of
the ear but ends — usually opposite the upper border of the
thyroid cartilage — by dividing into the external and internal
carotid arteries. It is enclosed along with the internal jugular
vein and the vagus nerve in the carotid sheath of deep cervical

fascia; the vein is lateral to it, and the nerve lies posteriorly in
the groove behind the two vessels. The external carotid artery
runs upwards from the carotid bifurcation to end behind the
mandible, by dividing into maxillary and superficial temporal
arteries. It leaves the carotid triangle by passing under cover of
the posterior belly of the digastric muscle, and its upper part
occupies a groove on the deep surface of the parotid gland, or
lies within the gland. The external carotid artery is the major
vascular supply to the neck, face and scalp. There are three
large anterior branches: the superior thyroid; the lingual; and
the facial. The occipital and posterior auricular are posterior
branches. The internal carotid artery ascends from the carotid
bifurcation to enter the skull through the carotid canal, just
posteromedial to the temporomandibular joint. It is at first
posterolateral to the external carotid artery, and then deep to
it. It is enclosed in the carotid sheath, with the internal jugular
vein laterally, and with the vagus nerve deep to the interval
between them; at the skull base the vein is posterior to the
artery. There are no branches in the neck and it supplies
purely intracranial structures. The superficial relations of the
carotid vessels are in the description of the exposure.

EXPOSURE

Elective carotid surgery can be performed under local or gen-
eral anaesthesia. In penetrating trauma, a general anaesthetic
with control of the airway is important. The head is turned to
the opposite side and slightly extended, and a sandbag is
placed between the shoulder blades. The ideal cosmetic inci-
sion is placed in a skin crease, and in an elective situation this
can usually be sited to give adequate exposure. If greater lon-
gitudinal exposure is required, the middle part of the incision
should run parallel to the anterior border of sternocleidomas-
toid (Fig. 5.19). Maximum exposure of the carotid vessels in
an emergency can be obtained by a long oblique incision along
the anterior border of sternocleidomastoid (see Fig. 9.4b, page
157). In order to avoid damage to the cervical branch of the
facial nerve the upper end of the incision should not approach
nearer than 1.5 cm to the angle of the mandible. Platysma and
deep fascia are divided in line with the skin incision, and the
external jugular vein is ligated and divided. The flaps are
dissected a little way to elevate them off the deeper tissues.
The anterior border of sternocleidomastoid is freed and the
muscle retracted posteriorly. The common facial vein lies
superficial to the common carotid artery and crosses it just
below the bifurcation (Fig. 5.19). This is ligated and divided,
after which the internal jugular vein can be displaced back-
wards to expose the carotid arteries more fully. The descend-
ing branch of the hypoglossal nerve is visible on the surface of
the carotid artery. It can usually be preserved, but little harm
ensues from sacrificing it if necessary. The main hypoglossal
nerve crosses superficial to the carotid arteries, just above the
bifurcation, and should be preserved. At the upper extremity
of the dissection the posterior belly of digastric, the parotid
gland and the great auricular nerve may be visible. If the thy-
roid gland and the strap muscles are retracted anteromedially,
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Figure 5.19 A transverse skin crease gives limited access to the
carotid bifurcation. Greater exposure is achieved by an S-shaped
incision or even a long oblique incision along the anterior border of
sternocleidomastoid. The sternocleidomastoid muscle is retracted
posteriorly and the common facial vein divided to display the carotid
bifurcation.

the superior thyroid artery is exposed along with the superior
laryngeal nerve which lies in a deeper plane.

The vulnerability of the cerebral cortex to ischaemia must
be remembered, and consideration given to a temporary
shunt during any period of proximal and distal arterial con-
trol. Repair of a carotid laceration will usually require a vein
patch to avoid stenosis. A severely damaged external carotid
can be simply ligated, but the common or internal carotid
should be repaired or reconstructed.

Subclavian and axillary arteries

Exposure of these arteries may be required for reconstructive
arterial surgery for obliterative and aneurysmal disease. In
this elective surgery the precise area of the pathology is
known preoperatively, and a limited exposure is often appro-
priate. However, in trauma, a more extensive exposure is
usually necessary. Adjacent veins and nerves may also be
damaged, and it is difficult to gain safe proximal and distal
control amongst other vital structures when the anatomy is
distorted by haematoma."

ANATOMY

The subclavian artery crosses the front of the cervical pleura at
the root of the neck. It arches from behind the sternoclavicu-

lar joint to the outer border of the first rib, where it becomes
the axillary artery. It rises to a level of 1-2 cm above the clavi-
cle, when the shoulder is depressed. Scalenus anterior crosses
anterior to the artery. The first part of the artery is defined as
the portion which lies medial to scalenus anterior; the second
part lies behind this muscle, and the third part lateral to it.
The subclavian vein lies in front of scalenus anterior, at a
lower level than the artery, and behind the clavicle.

The axillary artery runs downwards and laterally behind
the clavicle in the roof of the axilla, and continues as the
brachial artery at the lateral border of the axilla. The axillary
artery is divided into three parts by pectoralis minor which
crosses anterior to the second part. The axillary vein lies just
below and medial to the artery throughout its course, and the
brachial plexus lies in close association with the artery.

The superficial relations of the arteries are in the descrip-
tions of the exposures and are illustrated in Figure 5.20.

EXPOSURE

The third part of the subclavian artery is the most surgically
accessible. In trauma, when extensive exposure of the artery
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Figure 5.20 The incision for the exposure of the subclavian artery
is above and parallel to the clavicle. Omohyoid is retracted, and the
subclavian artery is visible between the scalenus anterior and the
brachial plexus. Division of scalenus anterior and medial retraction
of the internal jugular vein exposes the proximal subclavian artery.
When more extensive exposure of the vascular root is required the
internal jugular can be retracted laterally, or the incision can even
be extended to combine it with a median sternotomy.
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is required, the third part is often exposed initially and then
the incision is extended medially. A limited exposure of the
third part of the subclavian artery is occasionally indicated in
trauma when there is uncontrollable haemorrhage from the
axillary artery. A temporary clamp on the subclavian artery
will then provide some proximal control during exploration
of the axilla. Ideally, the damaged axillary artery is then
repaired or reconstructed, but simple ligation of the third
part of the subclavian artery is another possibility. The per-
fusion of the upper limb is safeguarded by an anastomosis
around the shoulder, which is fed by branches arising from
the proximal subclavian artery.

The arm is placed at the side and drawn downwards in
order to depress the shoulder; the head is turned to the
opposite side. An incision is made 1-2 cm above the clavi-
cle from the sternal head of sternocleidomastoid to the
anterior border of trapezius (Fig. 5.20). The superficial
fascia and platysma are incised in the same line and the
deep fascia divided. The external jugular vein may cross
the operative field and have to be divided between liga-
tures. A supraclavicular nerve may also have to be sacri-
ficed. Omohyoid is retracted upwards, and the third part
of the subclavian artery is now exposed, with the upper
and middle trunks of the brachial plexus lying supero-lat-
erally. The suprascapular artery which arises from the thy-
rocervical branch of the first part of the subclavian artery
crosses the operative field as it runs supero-laterally, ante-
rior to the subclavian artery, with its accompanying vein
and nerve.

Exposure of the first and second parts of the subclavian
artery requires division of the clavicular head of sternoclei-
domastoid and division of scalenus anterior, followed by
medial retraction of the internal jugular vein. The phrenic
nerve lying on the surface of scalenus anterior should be pre-
served, and held in a sling to retract it out of the operative
field. The common carotid artery is obscured by the internal
jugular vein. Lateral retraction of the vein exposes the com-
mon carotid artery and, with both arteries in the operative
field, a carotid-subclavian bypass graft is possible through
this approach.

The supraclavicular incision can be combined with a
median sternotomy in which case the sternal head of stern-
ocleidomastoid is also divided (see Fig. 9.4a, page 157). This
gives the extensive exposure necessary to gain control of the
proximal subclavian or the brachiocephalic trunk in major
trauma (see Chapters 7 and 9).

Axillary artery exposure is required both in trauma and for
axillofemoral bypass grafts. The upper limb is partially
abducted and supported on an arm board. The incision for
an extensive exposure is along the deltopectoral groove from
the lower border of the clavicle to the lower border of the
anterior axillary fold (Fig. 5.21). Anterior branches of the
axillary artery and the termination of the cephalic vein will
be encountered. The cords of the brachial plexus lie around
the artery, and the axillary vein lies infero-medially. The ten-
don of pectoralis minor is divided.

Deltoid

Cut tendon
of pectoralis
minor

Figure 5.21
the deltopectoral groove. It can be extended proximally if

The axillary artery is approached via an incision along

simultaneous access to the subclavian artery is required, or distally
to expose the brachial artery. Division of pectoralis minor and
retraction of pectoralis major and deltoid exposes the artery.

This incision can be extended downwards to expose the
brachial artery. The approach to the brachial artery is nor-
mally below the pectoral muscles (Fig. 5.22), but when
extensive access is required pectoralis major may have to be
divided. The incision can also be extended proximally to join
with a supraclavicular incision and provide extensive simul-
taneous access to both the subclavian and the axillary artery.
The clavicle crosses the operative field, but can often be left
intact. However, the root of the neck is a hazardous area for
an inexperienced surgeon. The subclavian artery is relatively
thin-walled, and bleeding from it — or from one of the great
veins — is very difficult to control. In emergency situations,
when rapid control of both the third part of the subclavian
and the first part of the axillary artery may be essential, there
should be no hesitation in resecting the middle third of the
clavicle.

A more limited exposure of the axillary artery, as may be
required for an elective bypass graft, is described in the sec-
tion on axillofemoral grafts in Chapter 6.
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Figure 5.22  Exposure of the brachial artery in the right upper
arm.

A transverse trans-axillary approach to the axillary artery
as it crosses the first rib is used in the treatment of thoracic
outlet syndrome (see Chapter 6). The rib can be resected
through this incision and the artery released. Access to the
artery is, however, very limited and it is an unsuitable
approach for trauma or for any reconstructive procedure.

Brachial artery

The brachial artery may be approached with ease throughout
its relatively superficial course. Exploration is most likely to
be required for embolism, or for iatrogenic trauma inflicted
in the course of cardiological investigations. Exposure may
also be necessary to investigate possible damage associated
with a fracture of the humerus or penetrating trauma.

ANATOMY

The brachial artery begins as a continuation of the axillary
artery at the level of the lower border of teres major. It runs
downwards and slightly laterally, at first medial to the
humerus and then in front of it. It ends in the cubital fossa, at
the level of the neck of the radius, by dividing into radial and
ulnar arteries. The artery is accompanied by venae comi-
tantes in its lower part, and by the basilic vein in the upper
part.

In the arm, the median nerve — which at first is lateral —
crosses in front of the middle third of the artery and then
runs along its medial side. The ulnar nerve is on the medial
side of the artery in its upper half, but diverges from its lower
half. The median cutaneous nerve of the forearm also lies to
its medial side in the upper half of the arm. At the front of the
elbow the brachial artery enters the cubital fossa, with the
tendon of biceps on its lateral side, and the median nerve on

its medial side. They are roofed over by the deep fascia con-
taining the bicipital aponeurosis, which stretches from the
tendon of biceps to blend with the deep fascia over the
medial side of the forearm.

EXPOSURE

In the arm, exposure is by an incision along the medial edge
of biceps. The arm is abducted and rotated laterally and sup-
ported on an arm board (Fig. 5.22). There may be a case for
leaving the arm entirely free, supporting the limb only at the
shoulder and at the elbow, as arm support displaces the mus-
cles and renders the approach more difficult. The deep fascia
is divided along the same line, and care is taken to avoid the
basilic vein which pierces the deep fascia in this vicinity. The
biceps is mobilized and drawn laterally to expose the artery
and the median nerve. For exposure at the elbow, the arm is
abducted and supported on an arm board in the position of
lateral rotation. The deep fascia (including the bicipital
aponeurosis) is incised vertically, and the bicipital tendon
retracted laterally. This is illustrated in Figure 5.23 for the left
arm. A vertical skin incision would not now be recom-
mended across the flexor aspect of the joint. Similar access
can be achieved by a transverse cubital fossa skin crease inci-
sion, enlarged by vertical extensions up from the medial end
of the transverse incision, and down from the lateral end.
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Figure 5.23  Exposure of the brachial artery in the left cubital
fossa. A vertical skin incision across the anterior aspect of the joint
should be avoided, however.

The abdominal aorta, renal vessels, and inferior
vena cava

The abdominal aorta and iliac arteries are frequently
involved in atherosclerotic degenerative pathology, which
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may take the form of either occlusive or aneurysmal disease.
The approach to these arteries is required mainly for recon-
structive arterial surgery, and this frequently occurs in an
elective setting. However, the spontaneous rupture of an
abdominal aortic or iliac aneurysm, or trauma which
involves any of the major abdominal vessels, necessitates
emergency surgery for the control of exsanguinating haem-
orrhage.

ANATOMY

The abdominal aorta enters the abdomen between the crura
of the diaphragm, as a direct continuation of the descending
thoracic aorta. It ends on the front of the body of the 4th
lumbar vertebra, to the left of the midline, by dividing into
right and left common iliac arteries (Fig. 5.24). The upper
abdominal aorta is not easily accessible from the front. There
are only a few centimetres of unexposed aorta above the pan-
creas, and the coeliac trunk arises from this short segment.
The pancreas, the splenic vein, the left renal vein and the
third part of the duodenum then all cross in front of the
upper abdominal aorta and are closely applied to it. Three
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Figure 5.24 In the upper abdomen the aorta is relatively
inaccessible. Tributaries of the IVC cross it anteriorly, whereas more
distally the iliac arteries lie anterior to the veins. The retroperitoneal
duodenum and pancreas also impair access. A vertical incision in the
posterior parietal peritoneum, lateral to the duodenum, enables the
surgeon to mobilize the second or fourth part of the duodenum off
the IVC or aorta respectively. A vertical incision in the right
diaphragmatic crus exposes sufficient supra-coeliac aorta for the
application of a temporary occlusion clamp. When more extensive
exposure of the proximal abdominal aorta or IVC is required, a
medial visceral rotation manoeuvre may be indicated.

large arterial branches arise from the retro-pancreatic aorta;
first the superior mesenteric artery from its anterior aspect,
and then the renal arteries from the lateral aspects. The ori-
gins of these major arteries greatly hamper any upper
abdominal aortic mobilization. The infra-renal aorta is more
mobile and accessible. It has only the pre-aortic nerve plexus
over its anterior surface, and in addition the only significant
branches — the inferior mesenteric artery and the gonadal
arteries — can be sacrificed as collateral anastomotic channels
will normally prevent ischaemia of the tissue which they sup-
ply. The inferior vena cava (IVC) lies along the right side of
the aorta until it diverges to the right and is separated from it
by the right crus of the diaphragm.

EXPOSURE AND CONTROL

Fortunately, for most reconstructive aorto-iliac surgery —
both in elective and emergency settings — infra-renal aortic
access is sufficient as the upper abdominal aorta is relatively
spared the degenerative pathology. A trans-peritoneal aortic
approach is most commonly employed. Initially, on entering
the peritoneal cavity, the retroperitoneum is obscured by
bowel. The omentum and transverse colon are first swung
upwards, after which the small bowel is displaced to the
patient’s right to expose the duodenojejunal flexure. An inci-
sion is made just lateral to the fourth part of the duodenum to
gain retroperitoneal entry and expose the aorta. For infra-
renal aortic occlusion, a vascular clamp is introduced with the
blades on either side of the aorta, which is then compressed
bilaterally. The IVC is to the right and the left renal vein is
anterior, and care must be taken to avoid venous injury. The
surgeon’s fingers, when inserted either side of the aorta, are
used to guide the clamp safely into position. When an
aneurysm is present the clamp must be on the normal-calibre
aorta above the aneurysm. A finger introduced into the
retroperitoneum can feel the proximal extremity of the
aneurysm.

Access to the upper abdominal aorta is restricted, and is
more easily understood in relationship to the embryological
folding of the bowel and the subsequent layers of retroperi-
toneal structures. This is described in more detail in Chapter
13. The standard access to the infra-renal aorta can be
extended proximally by extending the incision to the left of
the fourth part of the duodenum, and dividing the inferior
mesenteric vein. The renal vein is then retracted in a sling to
expose the renal artery lying behind it and the origin of the
renal arteries from the aorta. Alternatively, mobilization of
the splenic flexure of the colon will expose the left renal vein
crossing the aorta just below the pancreas. When further
upper abdominal aortic access is required — and in particular
when there is a posterior penetrating injury — a left-sided
medial visceral rotation may be necessary. The plane is
entered lateral to the spleen and the dissection carried medi-
ally behind the spleen, kidney and pancreas to lift all the vis-
cera off the retroperitoneal structures.

Proximal aortic control may be necessary in trauma, or for
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an extensive aneurysm. The supra-coeliac aorta can be
accessed by opening the lesser sac through the lesser omen-
tum. A vertical incision is then made in the right crus of the
diaphragm, as marked in Figure 5.24. The distal extremity of
the descending thoracic aorta lies immediately deep to the
crus. A finger is passed either side of it, and then a vascular
clamp is applied. The thoracic aorta can also be cross-
clamped at an initial ‘emergency room’ left thoracotomy (see
Chapter 7). This manoeuvre is associated with significant
morbidity, and is therefore reserved for occasions when the
abdominal aorta is not accessible, or if there is doubt as to
which side of the diaphragm the bleeding is coming from. A
supra-coeliac clamp renders both kidneys and the whole
bowel ischaemic, and is therefore only a temporary solution
unless a shunt is employed to restore distal perfusion. Safe
ischaemic time for the kidneys can be extended by renal
cooling (see Chapter 25).

The alternative retroperitoneal approach to the abdominal
aorta is an extension of the retroperitoneal approach to the
iliac vessels.

Access to the right renal artery, as it crosses posterior to
the inferior vena cava, and the infra-hepatic anterior aspect
of the inferior vena cava, is achieved by first mobilizing the
hepatic flexure of the colon, followed by ‘Kocherization’ of
the duodenum so that the head of pancreas can be lifted
forwards (see Chapter 13). If access is needed to the poste-
rior aspect of the whole vena cava, a right-sided medial vis-
ceral rotation is required utilizing the plane behind the
right kidney and the liver, which must also be mobilized
forwards.

The iliac vessels

ANATOMY

The common iliac arteries are the two terminal branches of
the aorta. They run downwards and laterally to the pelvic
brim, where each divides into an internal and external iliac
artery. The internal iliac arteries run backwards and down-
wards into the pelvis. They then divide into multiple named
branches which supply the pelvic organs, in addition to the
superior and inferior gluteal arteries which supply the
gluteal muscles and form anastomotic collaterals within
them with branches of the profunda femoris artery. The
internal iliac artery can be ligated on one side, without any
adverse consequences. The external iliac arteries continue
downwards and laterally on the psoas muscle to end under
the inguinal ligament by becoming the femoral arteries. The
external iliac veins lie on the medial sides of the arteries. The
distal inferior vena cava and the terminations of the com-
mon iliac veins lie deep to the right common iliac artery (see
Fig. 5.24). This anatomical arrangement is ideal for recon-
structive aorto-iliac surgery, but access to the common iliac
veins in trauma can be very difficult. It is sometimes even
necessary to divide the artery for access and re-anastomose it
afterwards.

EXPOSURE

Exposure of the iliac vessels is seldom required in isolation,
and additional exposure of either the aorta or the femoral
artery often dictates the surgical approach. An abdominal
trans-peritoneal approach is thus suitable for emergency
surgery for iliac vessel trauma or aneurysmal rupture, or
when aorto-iliac reconstructive surgery is planned. The dis-
tal aorta and right iliac vessels are exposed by division of
the overlying peritoneum. The left iliac arteries are exposed
by division of the peritoneum lateral to the pelvic meso-
colon. The ureters must be identified and safeguarded.
Some damage is almost inevitable to the autonomic plexi
overlying the vessels, but with care this can be minimized.
The extra-peritoneal approach to a unilateral iliac artery is
often combined with the exposure of the femoral artery for
an iliofemoral bypass graft reconstruction, an operation
described in Chapter 6. In arterial trauma to the common
femoral artery, a localized approach to the external iliac
artery may be required for proximal vascular control. An
oblique muscle-cutting iliac fossa incision is made parallel
to the inguinal ligament, and a few centimetres above it, to
avoid the inguinal canal and spermatic cord. The peri-
toneum is swept upwards and medially to expose the exter-
nal iliac vessels lying on the pelvic brim on the medial edge
of the psoas muscle (Fig. 5.25). Clamps on iliac arteries
should be placed from the front with one blade either side.
Attempts to encircle the artery increase the danger of iliac
vein damage.

Internal

Vas
deferens

Femoral and
genitofemoral
nerves

Inguinal

ligament Conjoint

Ext. oblique tendon

aponeurosis Inf. epigastric

artery
Figure 5.25 Extraperitoneal exposure of the right external iliac
vessels at the groin. Further retraction of the peritoneum would
expose the termination of the common iliac artery and the ureter.

The femoral arteries

The proximal portion of the femoral artery is superficial and
easily accessible for percutaneous investigative and interven-
tional techniques. It is also the favoured artery of access for
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lower limb, or iliac, embolectomy. Its superficial position
renders it vulnerable to traumatic (and iatrogenic) damage.
In addition, femoral artery access is required in iliofemoral
or femorodistal reconstructive surgery for occlusive degener-
ative pathology.

ANATOMY

The femoral artery commences as a direct continuation of
the external iliac artery under the inguinal ligament at the
mid-inguinal point. It runs obliquely downwards through
the femoral triangle and the sub-sartorial canal. Surgeons
refer to the proximal portion, above the origin of the pro-
funda, as the common femoral artery, and the distal portion as
the superficial femoral artery. The femoral artery ends at the
junction of the middle and lower thirds of the thigh, by pass-
ing through the opening in adductor magnus, to become the
popliteal artery. At the inguinal ligament the femoral nerve
lies lateral to the artery, and the femoral vein is medial.
Distally the femoral vein lies posterior to the artery. The pro-
funda femoris artery arises from the lateral side of the femoral
artery 3—4 cm below the inguinal ligament; it runs medially
behind the femoral artery to disappear between the adductor
muscles.

EXPOSURE

The skin incision is made along the line of the artery. The
LSV will be encountered in the subcutaneous fat, and
should be preserved in case it might be required for recon-
struction. The deep fascia is incised, and the sartorius mus-
cle mobilized. Sartorius is then retracted laterally to expose
the common femoral artery and the origin of the profunda
femoris. To expose the distal superficial femoral vessels, sar-
torius is retracted medially and the underlying bridge of
fibrous tissue which roofs over the sub-sartorial canal is
divided.

The popliteal artery

Emergency access to the popliteal artery is occasionally nec-
essary in trauma. More frequently, it is required in recon-
structive surgery for degenerative vascular disease.

ANATOMY

The popliteal artery begins as a continuation of the femoral
at the opening in the adductor magnus. It runs downwards
in the popliteal fossa to end at the lower border of popliteus
by dividing into the anterior tibial artery and the tibioper-
oneal trunk, which in turn divides into posterior tibial and
peroneal branches. The popliteal vein is medial to the artery
in its lower part but crosses it posteriorly to lie posterolateral
to it in its upper part. The tibial nerve crosses the vessels
posteriorly from the lateral side above to the medial side
below.

Gracilis

Vastos medialis

Semitendinosus Poplite_al artery
semimembranosus and vein
and gracilis

Gastrocnemius
Figure 5.26 Medial approach to the lower left popliteal artery.
Only the lower half of the illustrated skin incision has been used, and
the tendinous insertions into the proximal tibia are preserved and
retracted anteriorly.

EXPOSURE

A posterior exposure, which displays the anatomy as described
above, only affords limited access to the vessels, but is suit-
able for the release of a popliteal entrapment or the excision
of an adventitial popliteal artery cyst. The transverse
popliteal skin crease incision can be extended by a vertical
extension up from its medial end and down from its lateral
end. This is followed by a vertical incision of the deep fascia
into the fat of the popliteal fossa. The SSV may have to be lig-
ated for access, or can be preserved and retracted with the
popliteal vein to expose the artery.

A medial approach provides superior access for most situ-
ations. The patient is placed supine, with the hip externally
rotated and the knee slightly flexed. The skin incision (Fig.
5.26) is commenced 1cm posterior to the medial tibial
condyle and is extended either upwards along the anterior
border of sartorius, or distally 1 cm behind the posterome-
dial border of the tibia. The LSV lies close to the skin at this
level, and inadvertent injury must be avoided if it is required
for reconstruction. The tendinous insertions of sartorius,
gracilis and semitendinosus all cross the operative field to
their insertion into the tibia. If access is only necessary to
either the proximal or the distal popliteal artery, these ten-
dons can be left intact and retracted. For exposure above the
knee, the deep fascia is incised along the anterior border of
sartorius which is then retracted posteriorly. Alternatively,
sartorius and gracilis are retracted anteriorly. The adductor
magnus tendon can be divided to expose the femoropopliteal
junction. For exposure below the knee, the deep fascia is
incised to allow anterior retraction of the tendinous inser-
tions into the tibia, and posterior retraction of the medial
head of gastrocnemius (Fig. 5.26). When a more extensive
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exposure is required the full length of the skin incision is
utilized and the tendinous insertions into the tibia divided.
In addition, the medial head of gastrocnemius can be divided
if access is still insufficient. The popliteal fat is gently sepa-
rated and the fascia surrounding the neurovascular bundle
incised longitudinally. The popliteal vein is retracted posteri-
orly and must be separated with great care as venous bleed-
ing in the popliteal fossa can be difficult to control and even
any minor damage to the vein is likely to lead to thrombosis;
venous duplication in the form of venae comitantes is not
uncommon. The artery is then separated from the tibial
nerve and encircled with a sling. If more distal access is
required to the trifurcation of the popliteal artery, the soleus
muscle and the anterior tibial vein are divided.

The peroneal artery, anterior and posterior
tibial arteries

The surgical approaches to these arteries are almost exclu-
sively in the setting of distal reconstructive surgery for
peripheral vascular obliterative disease. The approaches are
therefore described in Chapter 6 in the section on infra-
popliteal reconstructions.
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VASCULAR PATHOLOGY

Arterial disease

While the spectrum of arterial disease includes tumour,
infection and inflammation, the commonest pathological
processes encountered by a vascular surgeon are aneurysmal
disease, occlusive disease and embolic events.

Aneurysms

Aneurysms can be divided into true aneurysms, in which
every layer is dilated but in continuity, and false aneurysms,
in which there is a breach in the layers and rupture is pre-
vented by thrombus, a single intact layer and the surround-
ing tissues. False aneurysms are either post-traumatic or
post-infective, and in the UK are most commonly iatro-
genic. The aorta, the iliac, common femoral, popliteal and
common carotid arteries are the most common extra-cra-
nial arteries to be affected by true aneurysms. Other vessels
may become aneurysmal, but this is unusual. Frequently,
discovery is an incidental finding when either clinical
examination, or an investigation, is performed for another
reason. Aneurysms may present as a mass, or a pulsation,
of which the patient is aware, and pressure from the
expanding aneurysm can cause a range of relatively minor
symptoms. Unfortunately, a significant number of
aneurysms come to light as a result of a complication: rup-
ture, thrombosis, distal embolism, fistula formation or
infection.
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Occlusive disease

Occlusive disease may present with an insidious develop-
ment of symptoms, or with sudden critical deterioration in
the circulation. Typically, occlusive disease in the lower
limbs has a relapsing, remitting course. The initial symptoms
of claudication diminish as collaterals develop, and then
return as further segments of artery narrow or occlude.
Many patients do not report symptoms until more than one
segment is affected, or long occlusions have developed, such
is the compensatory capacity of a well-developed collateral
bed. Only 5 per cent of the patients who present with claudi-
cation will ultimately lose the limb. By far the commonest
occlusive disease in the developed world is atheroma which
predominantly — but by no means exclusively — affects the
arteries to the lower limb. However, the vascular surgeon
may also have to consider arterial occlusive disease of the
upper limb, the cerebral cortex, the kidneys and the gut.

Embolus

An embolus presents as a sudden arterial event. The effect
will depend on the size of the embolus and whether the col-
lateral circulation can maintain sufficient distal perfusion to
maintain viability. These collaterals may be normal anatom-
ical anastomotic arcades, or anastomotic channels which
have enlarged secondary to coexistent occlusive pathology.
Large emboli can arise from the left atrium in atrial fibrilla-
tion, or from the left ventricle in association with a ventricu-
lar aneurysm or a subendocardial myocardial infarction.
Emboli can also arise from the thrombus within an
aneurysm in a more proximal part of the arterial tree.
Atheromatous emboli, which have detached from an un-



98 Operative management of vascular disease

stable atheromatous plaque in a proximal artery, are usually
smaller and often multiple.

Vascular trauma

Vascular trauma includes iatrogenic vascular injury, and also
the injuries sustained in a range of situations including mili-
tary conflict and civilian violence. The relative importance of
the various aetiologies will depend on the environment
within which a surgeon is practising. Vascular trauma is
discussed in Chapter 5.

Venous disease

Venous disease accounts for a significant proportion of the
healthcare budget. The standard operations for varicose
veins are described in Chapter 5. Varicose vein surgery is
widely performed for ill-defined and quite varied symptoms
and signs. Surgery is associated with high recurrence rates,
modest patient satisfaction and frequent litigation.'
Varicose vein surgery should not be assigned to an unsuper-
vised, inexperienced junior surgeon as such practice has
commonly resulted in poor outcomes.” Although for the
majority of patients varicose veins remain a cosmetic prob-
lem, associated with a variable degree of discomfort,
approximately 5 per cent will develop skin complications of
chronic venous insufficiency, namely ulceration and lipo-
dermatosclerosis.

Deep venous thrombosis is common, and once more the
consequences are wide and varied. Pulmonary emboli are
life-threatening emergencies, venous claudication from a
chronically obstructed system can be incapacitating, and
venous ulcer disease is a highly morbid condition.
Fortunately, the natural history of an adequately treated deep
venous thrombosis is thrombus resolution with minimal
symptoms. Venous gangrene, which results from massive
occluding proximal thrombosis, is rare. Incipient venous
gangrene can be managed by aggressive leg elevation with the
salvage options of thrombolysis or surgical thrombectomy.
The surgical interventions in chronic venous insufficiency
are discussed later in this chapter.

INFRARENAL AORTIC ANEURYSMS

Infra-renal aortic aneurysms first became amenable to suc-
cessful surgical repair during the 1950s, and aortic surgery is
now dominated by this condition.” The aneurysmal dilata-
tion may be confined to the aorta or it may extend into the
iliac arteries. Aneurysmal dilatation which involves the
supra-renal or thoracic aorta is fortunately less common as
the surgery for thoraco-abdominal aneurysms is extremely
challenging. Degenerative aortic disease can also be occlu-
sive, and a mixed pattern of occlusive and aneurysmal dis-
ease may be encountered. Occlusive aortic disease can also
occlude or stenose the origins of arteries arising from it.

SELECTION

In the elective setting the repair of an infra-renal abdominal
aortic aneurysm carries a 5-10 per cent mortality, although
some units report rates of less than 5 per cent. After rupture,
the mortality rate of the minority who survive the initial rup-
ture to reach hospital and are then selected for repair is in the
region of 40-60 per cent.* It therefore seems appropriate to
identify those at risk of rupture and to offer surgery before
rupture occurs. Many areas of the world — including some
parts of the UK — have commenced screening programmes
based upon good quality evidence of benefit.> However, the
true natural history of aneurysms remains the subject of
debate, and evidence from the UK Small Aneurysm Trial
suggests that the rupture rate of abdominal aortic aneurysms
less than 6 cm in antero-posterior diameter on ultrasound
scan has been overestimated in the past.® What is widely
accepted is the need to consider intervention when the diam-
eter exceeds 5.5 cm. Still open to debate is whether conven-
tional surgery or endovascular aneurysm repair offers the
best outcome.

Patient selection is a contentious area, and the preopera-
tive investigations are determined by local protocols that are
often dependent upon availability and cost. It would appear
sensible to suggest that patients being considered for elective
abdominal aortic aneurysm repair require a cardiac assess-
ment over and above simple exercise tolerance estimation
and electrocardiography; for example, echocardiography
and an assessment of renal and pulmonary function
(spirometry). More detailed anatomical information is
required than that provided by simple ultrasound scans in
order to exclude supra-renal extension of the aneurysm, to
verify the position and number of renal arteries, and to iden-
tify iliac artery aneurysmal or occlusive disease. If available, a
computed tomography (CT) angiogram is the current opti-
mal investigation.

THE OPERATION

The patient is placed in a supine position, and should be pre-
pared in such a way that there is access to the femoral vessels.
Prophylactic antibiotics are administered according to local
protocol. The abdomen is opened using a midline or trans-
verse incision. The latter incision affords satisfactory access
and may be associated with less postoperative pain. The
transverse colon is lifted up and packed superiorly, while the
small bowel is displaced to the right into a bowel bag outside
the abdomen or tucked away within the abdomen. The third
part of the duodenum is mobilized from the front of the
aorta, leaving sufficient peritoneum as a cuff to allow restora-
tion of peritoneal continuity afterwards. The peritoneum is
divided in front of the aneurysm and the aneurysm neck is
approached, dividing the pre-aortic tissue by diathermy, or
between ties. The inferior mesenteric vein is routinely
encountered to the left of the aneurysm, and this can either be
divided between ties or displaced upwards. The dissection
often needs to be taken up to the level of the left renal vein to
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create sufficient room to clamp above the aneurysmal tissue
and exclude it completely when securing the graft (Fig. 6.1a).
Occasionally it is necessary to divide the left renal vein. Some
authorities advocate that it should always be reconstituted to
avoid deterioration in renal function. Division of the left
renal vein is certainly associated with a greater mortality. It
must be remembered that aortic aneurysms rotate and
lengthen as well as expand in girth, and the sides of the aorta
need to be exposed carefully to avoid damage to the paired
testicular and lumbar arteries, as well as a variable accessory
renal artery; and also to avoid tearing the left ilio-lumbar and
gonadal veins. Sometimes it is easier to divide these vessels
between titanium clips, rather than attempt to preserve them.

Once the neck of the aneurysm has been adequately
exposed, the iliac arteries must be exposed. It is not necessary
to pass tapes or slings round these vessels. In fact, this can be
hazardous due to the risk of damaging the iliac veins, and is
best avoided as a routine. The right common iliac artery is
covered only by a single layer of peritoneum and retro-
peritoneal fat. Be aware of the course of the ureter, as out-
lined in Chapter 25. The first part of the left common iliac
artery is immediately deep to the peritoneum, and this allows
adequate access for clamping if the aneurysm is confined to
the aorta or proximal common iliac artery. However in more
complex situations, requiring more distal clamping of the
iliac vessels, the sigmoid colon may require mobilization, or
the clamp may need to be applied just proximal to the
inguinal ligament. It is a fairly common scenario that the
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aneurysmal process, on one or the other side, extends up to —
or beyond - the iliac bifurcation. This presents two
problems. First, the internal iliac artery must be exposed,
again not necessarily slung, to allow occlusion during the
reconstruction. Second, a decision may be required with
respect to perfusion of the pelvic organs. Overt rectal or
distal colonic ischaemia requiring surgical intervention
occurs at a rate of 1-2 per cent after abdominal aortic
aneurysm repair, and subclinical colonic ischaemia may be
more common than was suspected several years ago. It is
generally considered to be reasonable to aim to have one out
of the three vessels (inferior mesenteric artery or either
internal iliac artery) in circulation at the end of the pro-
cedure. Sometimes the distal limb of a bifurcated graft can be
fashioned to include the origin of the internal iliac artery, but
occasionally a vessel must be formally re-implanted or a
jump graft performed.

After adequate exposure of the vessel above and below the
aneurysm, 5000 IU of unfractionated heparin is adminis-
tered intravenously, and after 2 minutes the vessels can be
clamped. Some authorities advocate clamping the distal cir-
culation first in order to minimize the risk of embolization —
an essential sequence if the patient presented with distal
embolic phenomena.

The aorta is opened longitudinally at a convenient site,
and care is taken to incise to the right of the inferior mesen-
teric artery (Fig. 6.1b). The arteriotomy is extended up and
down the vessel, to a distance 1-2 cm short of the supposed
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Figure 6.1 Abdominal aortic aneurysm repair. (a) Exposure of the neck of the aneurysm. (b) The opened aneurysmal sac.
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neck proximally, and 1-2 cm short of the bifurcation distally.
The final extent of the incision — top and bottom - is not
made until the inside of the vessel has been inspected, and
the correct levels of the neck and bifurcation confirmed. The
thrombus, which is almost invariably present, must be
scooped out and the aneurysm sac wiped clean with a swab.
This will usually — though not always — reveal sites of back
bleeding from the lumbar, inferior mesenteric or median
sacral vessels. A self-retaining retractor can be placed within
the sac itself. The inferior mesenteric artery should be gently
occluded with a bulldog or other light clamp at the sac edge,
but the other vessels can be oversewn from within, with a
strong suture (2/0 or 3/0 silk or polypropylene) using a fig-
ure-of-eight technique. Often the back wall of the aorta —
particularly the distal end — is very calcified, and a controlled
local endarterectomy may be needed to allow a stubborn ves-
sel to be adequately sutured.

The longitudinal arteriotomy incision is then extended to
just beyond the proximal limit of the aneurysm. Incisions are
then made at 90 degrees to the longitudinal line of the aorta
above the aneurysm (Fig. 6.2a). At this level, in the presence
of alarge aneurysm, even normal aortic tissue may arch ante-
riorly and care must be taken not to cut directly backwards as
this can make the proximal anastomosis unnecessarily diffi-
cult. The distal end is completed following similar principles,
and a decision reached as to whether a ‘tube graft’ or bifur-
cated Y-graft’ is more appropriate. If the aorta is of normal
calibre for a portion below the aneurysm — or if the common
iliac arteries are truly normal and not at all separated — then
a tube graft may be used (Fig. 6.2b). Otherwise, a Y-graft is
needed (Fig. 6.2¢c). The diameter of the graft to be used is
now estimated, based upon the use of sterile ‘sizers’ or sim-
ply by ‘eyeballing’ the neck and comparing this with the size
drawn on the unopened graft box. Modern grafts, whether

woven or knitted, are pre-sealed and no longer require ‘pre-
clotting’ with the patient’s own blood.

The graft is laid within the opened aneurysmal aorta as an
inlay graft (see Fig. 5.13, page 79). The body of a bifurcated
graft must be trimmed before the top end is sutured. It is cut
to within 3 cm of the diverging limbs in order to avoid kink-
ing. There are a variety of techniques used for the proximal
anastomosis. Most frequently the anastomosis is performed
with a continuous 2/0 or 3/0 monofilament, non-absorbable,
double-ended suture which is commenced posteriorly. The
suture is continued in both directions, around the posterior
and lateral aspects of the anastomosis, before it is tightened
and the graft parachuted into position. The anterior aspect of
the anastomosis is then completed and the two ends of the
suture tied together, to one or other side of the midline. An
anterior knot over the convexity of the aorta should be
avoided as it is more likely to come into direct contact with
bowel, thereby increasing the likelihood of infective compli-
cations. Interrupted evenly spaced mattress sutures may be a
better alternative when the aortic wall is grossly thickened
and friable, but unless the posterior aortic wall has been tran-
sected the posterior sutures will have to be placed from
within and the knots will lie in the lumen. Importantly, the
posterior wall must be secured with deep bites — often into,
and including — the anterior longitudinal ligament of the
spine. When the proximal anastomosis has been completed
the graft is clamped 2-3 cm distal to the anastomosis and the
aortic clamp is released to test the anastomosis. Any bleeding
points which are identified need to be dealt with as deemed
appropriate, after reclamping the aorta. Figure-of-eight
sutures, or sutures tied over a pledget of Dacron to prevent
them cutting through a friable aortic wall, are standard tech-
niques. A cuff of Dacron, cut from the graft, can be used over
a vulnerable anastomosis to provide additional support.

Wive

Figure 6.2 Diagrammatic representation of an aortic graft. (a) The arteriotomy incisions. (b) An opened sac with an in-lay tube graft
in position. (c) An opened sac with an in-lay Y-graft in position. (d) The sac has been closed over the graft.
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The graft is then cut to length. There should be a very
modest degree of tension which prevents the prosthesis from
bowing forwards or kinking. The distal anastomosis is per-
formed in a similar fashion to the proximal, but before com-
pletion the graft is flushed to remove any thrombus that has
formed within it. When the distal circulation is restored, a
fall in systemic blood pressure and perfusion is likely. This is
due to a sudden reduction in systemic vascular resistance and
the return of cold, deoxygenated blood laden with free radi-
cals, activated white cells, carbon dioxide and lactic acid, all
of which are cardio-depressant and also cause pulmonary
vascular vasoconstriction. Therefore, the anaesthetist must
be warned before releasing the clamps, in order to ensure
that the patient’s intravascular compartment has been ade-
quately filled, and that the necessary fluids and pressor
agents are to hand to deal with a sudden fall in systemic
blood pressure. Furthermore, the iliac arteries should be
released sequentially, allowing flow to one limb at a time.
The surgeon must pay attention to the effects on systemic
blood pressure. If the pressure drops precipitously, it can be
brought up again by partially or fully occluding the graft by
finger pressure. A 10- to 20-mmHg drop in blood pressure
and rise in end-tidal CO, is reassuring which, together with
the return of a palpable femoral pulse, indicates the restora-
tion of blood flow to the lower limb.

Before closing the aortic sac and reconstituting the peri-
toneum over the graft, the following should be checked. Is
the colon still well perfused and is the inferior mesenteric
artery back bleeding, and if so, does the origin of the inferior
mesenteric artery require suture ligation? Have any lumbar
arteries started bleeding now that the distal circulation has
been restored? Are both femoral pulses present (if they were
palpable preoperatively), and are the feet pink? If all is well,
the small bowel and omentum can be eased toward their
normal positions and the aortic sac closed (Fig. 6.2d). The
opened aneurysm sac is sutured over the graft and the peri-
toneum is then also closed over it. Care must be taken to
ensure that no part of the graft is left exposed. Adjacent gas-
trointestinal tract can adhere to exposed graft with an
increased risk of infection or fistulation.

RETROPERITONEAL APPROACH

This is an alternative approach for an elective abdominal
aortic aneurysm repair. The patient is positioned supine but
tilted with the left side elevated. A left oblique muscle cutting
incision is made through the abdominal wall muscles, and
the peritoneum is retracted medially to give good access to
the retroperitoneal abdominal aorta. This approach may be
associated with less ileus, and reduced haemodynamic and
respiratory stress with a resultant faster postoperative recov-
ery. In addition, other intra-abdominal pathology — includ-
ing adhesions from previous surgery — can be avoided.
Access is superior if visceral reconstruction is also necessary.
The main disadvantage of a retroperitoneal approach is the
poor access it affords to the right iliac vessels. The principles

of the operation and the crucial operative steps are otherwise
similar to those of the transperitoneal approach.

Inflammatory aneurysms

Around 5 per cent of abdominal aortic aneurysms are
inflammatory. The main clinical feature is the pearly white
appearance to the aortic wall that extends up to the duode-
num. The inflammatory component involves the surround-
ing tissues and organs by adhesions, and this condition is
related to the more diffuse inflammatory process of
retroperitoneal fibrosis. In the majority of cases, the diagno-
sis is made at operation, although certain features support a
preoperative diagnosis. For example, the patient may have
presented with a systemic illness including fever and malaise,
and a raised erythrocyte sedimentation rate (ESR). The
appearance of a halo around the aneurysm, or an associated
hydronephrosis, may have been detected on imaging. In
addition, some patients with inflammatory aneurysms pres-
ent with symptoms from ureteric obstruction, and the
aneurysm is detected during urological investigations.

As the surrounding inflammation offers the aneurysm no
protection from rupture, the indications for surgery are sim-
ilar as for other abdominal aortic aneurysms. At operation
the patient is more likely to require a supra-renal clamp and
the surrounding structures — and in particular the duode-
num — are at greater risk of damage. It may be necessary to
clamp the aorta without separating the duodenum from the
aneurysm. The patch of aortic wall adherent to the duode-
num can then be circumcised after the aorta has been
opened. The adherent patch of aneurysm wall is then left on
the duodenum, thus avoiding the risk of duodenal damage if
separation is attempted. Ureterolysis is advocated by some,
but the risk of ureteric damage is high. It is usually unneces-
sary as, after the aneurysm has been repaired, the natural his-
tory is for the inflammation to settle and for any ureteric
obstruction to resolve. Temporarily, ureteric obstruction can
be managed by ureteric stents. Those patients who present
with impairment of renal function may come to surgery with
stents already in situ, and this will make identification of the
ureters at operation much easier.

Ruptured abdominal aortic aneurysm

PREOPERATIVE MANAGEMENT

The diagnosis may be straightforward. A history of collapse
and the clinical, or ultrasound, finding of an abdominal aor-
tic aneurysm are sufficient grounds upon which to proceed
to emergency repair. Occasionally, diagnostic difficulties
occur either regarding the presence of an aneurysm or
whether rupture has occurred. A CT scan may be helpful, but
cannot be completely relied upon to differentiate the symp-
tomatic from the ruptured aneurysm. A preoperative chest
X-ray is desirable, as this may indicate a thoracic component
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to the aneurysm. An ECG is usually performed, and a
difficult decision may ensue if it transpires that the patient
is actually having a myocardial infarction at the time of
presentation.

The surgical principles for repair of the ruptured abdomi-
nal aortic aneurysm differ little from that of the elective case.
However, mortality is higher and it is unwise to subject every
patient to surgery, especially if the prospects for survival are
non-existent.” Scoring systems may aid these difficult deci-
sions.*®

After the decision has been made to proceed, the following
steps are essential. Intravenous access through a large-bore
cannula in the antecubital fossa is required. A urinary
catheter should be inserted. The blood transfusion service
must be alerted, blood cross-matched, and fresh-frozen
plasma and platelets organized. If there is a delay in transfer
to an appropriate centre, or to theatre, it is best not to resus-
citate the patient too vigorously. Whilst the patient remains
conscious, the blood pressure can be left with a systolic as
low as 70 or 80 mmHg. Aggressive fluid infusion may raise
the arterial blood pressure at the cost of displacing the
thrombus at the rupture site and restarting the bleeding.
Central venous cannulation can wait until after induction of
anaesthesia. However, if there is time an arterial line is help-
ful. There is often a dramatic fall in blood pressure on induc-
tion, as the paralysing agent eliminates abdominal muscle
tone and any element of tamponade. It is because of this par-
ticular possibility that it is common practice to prepare and
drape the patient before the anaesthetic is administered, so
that there is no unnecessary delay before the haemorrhage
can be controlled surgically.

THE OPERATION

The operative procedure is essentially the same as described
above for the elective situation. A transverse incision may
still be chosen over a midline as access is usually adequate,
but bleeding may occur from divided epigastric vessels when
the blood pressure is restored.

It is rare for a patient to survive long enough to reach the
operating theatre with a free intraperitoneal rupture. When a
free rupture is encountered at laparotomy, pressure may be
required directly onto the neck of the aneurysm to control
the bleeding. Alternatively, a Foley catheter with a 30-mL
balloon can be passed into the aorta, and up beyond the neck
of the aneurysm (see Fig. 5.3a, page 73). The balloon is
inflated to control the bleeding. The catheter lumen must be
spigotted or clamped. If control at the neck is still difficult,
then the aorta can be temporarily clamped through the lesser
sac. A window is opened in the lesser omentum and the aorta
can be exposed and clamped by separating the fibres of the
diaphragmatic crura from the aorta (see Fig. 5.24, page 93).
This manoeuvre will render more tissues ischaemic, and the
effects of clamp release are more profound. Therefore, the
clamp should be moved down to an infra-renal position, if
and when this is possible.

Fortunately, the situation is usually a stable one, the
haematoma is contained by the peritoneum, and a careful dis-
section can be performed. The duodenum is most frequently
displaced to the right by the haematoma and is already partially
mobilized. Dissection can proceed with division of the
peritoneum over the aneurysm, followed by exposure of the
aneurysmal aortic wall itself. The aorta should be followed
superiorly, dividing the inferior mesenteric vein as it is encoun-
tered. Bleeding — either active or from the haematoma — will
inevitably obscure the view, and the assistant needs to be active
with the sucker in one hand and retractor in the other. Care
must be taken to identify the neck of the aneurysm, and this
often requires dissecting all the way up to the renal vein as in
the elective case. The clamp must be carefully placed after
clearing both sides of the aorta. It is easy to damage the inferior
vena cava (IVC) or renal vein by hastily forcing a clamp into
place. Routinely, the aorta is clamped before exposing the iliac
vessels. If the iliac arteries are also aneurysmal then these must
be treated and excluded by the repair. It is also possible that the
rupture has occurred through the wall of an iliac artery.

If the situation is truly stable and the haematoma modest
in size, some surgeons will administer heparin once the aorta
is clamped, as the patient is more likely to suffer a
thrombotic than a haemorrhagic complication once this
stage has been reached. Other surgeons flush heparinized
saline down each iliac system in order to reduce the possi-
bility of iliac or femoral thrombosis while the repair is being
performed.

Repair proceeds as for elective abdominal aortic aneurysm
surgery. The graft is inserted as usual, and care must be taken
to ensure that the iliac arteries are back-bleeding before com-
pleting the distal anastomosis. If there is no back-flow of
blood from the legs it is prudent to sweep the distal vessels
with a Fogarty catheter at this stage. As with the elective situ-
ation, perfusion of the feet must be checked before the
abdomen is closed.

Inevitably there are occasions when the situation is not
salvageable. Intraoperative complications may occur. The
patient may arrest, or suffer a myocardial infarction with loss
of cardiac output, despite the use of inotropes. An irre-
versible coagulopathy may develop or there may be purely
surgical problems. The aneurysm may extend high above the
renal arteries, there may be multiple dense adhesions that
make it slow and difficult to gain access to perform a repair,
or the aortic defect may be exposed by dissection and rapid
and uncontrollable haemorrhage ensue. Whatever the cir-
cumstances, a decision to abandon the procedure may have
to be made. This is best made in conjunction with other col-
leagues present.

AORTO-CAVAL FISTULA

Occasionally, when operating on a ruptured abdominal aor-
tic aneurysm an aorto-caval fistula may be encountered. This
may have been suspected preoperatively if the patient pre-
sented with ‘high output cardiac failure’, and was noted to
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have mottling of the lower torso and lower limbs despite
apparently adequate upper body perfusion. An abdominal
bruit or thrill may have been detected. The proximal aortic
clamp is applied and the aorta opened. The fistula is then
oversewn from inside the aorta with a heavy suture.
Temporary control can be gained by local digital pressure on
the IVC above and below the fistula.

Mixed aneurysmal and occlusive disease

It is normal to be able to perform elective aneurysm surgery
from within the abdomen. However, the additional compli-
cation of coexistent occlusive disease frequently requires a
unilateral or bilateral groin exploration to identify suitable
outflow vessels for the graft. This is just one reason for an
excess of morbidity and an increase in the reported mortal-
ity, to approximately 10 per cent, when compared with sim-
ple aneurysmal disease. However, the most important reason
for the increase in observed mortality is that the presence of
occlusive disease indicates a higher risk of latent, or overt,
coronary and other atheromatous disease, and therefore an
increased risk of perioperative myocardial and cerebral
infarction, and of renal failure.

Planning the procedure requires adequate arterial imaging.
A CT angiogram may suffice, but digital subtraction angiogra-
phy (DSA) is still considered desirable by many surgeons. For
the bypass to be symptomatically effective it is important to
know that there are patent vessels at groin level. The bypass can
be performed to the common, superficial or profunda femoral
artery. However, as with aneurysmal disease, some thought
must be given to the pelvic circulation at the end of the proce-
dure. If there are no internal iliac vessels visible on imaging,
and the inferior mesenteric artery is patent, then this vessel
may need reimplanting. If an internal iliac artery is patent and
the external iliac artery is patent from the groin up, then retro-
grade perfusion can be expected to be sufficient. However, dif-
ficulties arise if the external iliac artery is occluded, and both
the internal iliac arteries (or the only remaining patent internal
iliac artery) are perfused by patent common iliac arteries that
will be excluded by the bypass. In this situation, if the inferior
mesenteric artery is also chronically occluded, a jump graft
may be needed to the internal iliac artery.

The above description of surgery for abdominal aortic
aneurysm applies for cases of mixed arterial occlusive and
aneurysmal disease. However, if a bypass to the femoral sys-
tem is planned, it is usual to explore the groins first before
opening the abdomen. A suitable site for the distal anastomo-
sis is chosen, and the tunnels for the graft are prepared next.
An index finger is gently inserted, nail down, in front of the
common femoral artery and a space created into the pelvis.
Beware of the deep circumflex iliac vein as it runs over the dis-
tal external iliac artery as it can easily be torn. Once this space
has been fully opened to the limit of the finger, the tunnel is
completed from above once the abdomen has been opened.
The index finger is gently advanced in front of the common

iliac artery, pushing peritoneum and, more importantly, the
ureter in front of the proposed tunnel. The two fingers will
meet and a little, gentle, circular action of the fingertips may
be required to break down the last intervening connective tis-
sue. A long instrument — for example, a Roberts clamp — is
then passed up from the groin, and from there a tape can be
pulled down to the thigh and clipped to ensure that the track
can be found again when the time comes to pass down the
limbs of the graft. The tunnels are usually formed before the
administration of heparin and, therefore, before the proximal
anastomosis has been performed.

Each limb of the graft is then anastomosed end-to-side onto
the segment of femoral artery which is most appropriate. One
last consideration when performing these procedures is clo-
sure of the proximal ends of the iliac segments. The common
iliac arteries are usually clamped at the start of the procedure,
as for simple abdominal aortic aneurysm repair. After the top
end of the graft is secured, the origins of the common iliac
arteries, or other convenient site, must be sutured closed. This
closure requires a double row of non-absorbable, heavy,
monofilament suture, and this must be checked for haemosta-
sis at the end of the procedure. Otherwise, even in the unusual
case of chronic total occlusion of the iliac segment, there is a
chance of back bleeding when the clamps are released at the
completion of the distal anastomoses.

Endovascular aneurysm repair

Since the first published reports of endovascular aneurysm
repair by Parodi in 1991, there has been a revolution in the
management of abdominal aortic aneurysm.” The advan-
tages offered by endovascular repair are lower morbidity and
mortality, and a shorter postoperative stay in hospital. There
is therefore the possibility of offering repair to less-fit
patients. The major disadvantages are cost and problems
with the reliability of new technologies, the need for long-
term device surveillance, and the high incidence of often-
minor problems that nonetheless require reintervention.
The principle of this technique is aneurysm exclusion, rather
than the conventional aortic replacement.

Preoperative assessment of the aneurysm morphology and
measurements of the dimensions at the neck and distally are
crucial. A variety of devices and systems are marketed. Most
are delivered after a femoral cutdown, but there are now low-
profile products that can be delivered percutaneously. The
whole process is performed under radiological control. The
femoral artery is cannulated and an initial angiogram per-
formed, confirming the positions of renal arteries. The pros-
thesis is secured proximally first, usually below the renal
arteries, although there are now fenestrated devices that
allow supra-renal deployment. Following this the ipsilateral
limb is secured distally. The contralateral common femoral
artery is cannulated and the prosthesis for the contralateral
limb delivered and positioned through the long component
(Fig. 6.3).
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Figure 6.3 Endovascular aneurysm repair. One component of the
stent graft is already positioned. The guide wire is in place through
the left iliac system and the second component will be delivered over
this.

Aortic graft complications

The true rate of graft complications is not known but it is
estimated that approximately 1-2 per cent of aortic grafts
will become infected. This may manifest as a systemic illness
due to graft-sourced sepsis. Alternatively, it may present as a
local graft problem in the form of a pseudo-aneurysm, or pus
formation at an anastomotic site, most frequently in the
groin. More serious local manifestations include fistula for-
mation or haemorrhage due to anastomotic disruption. It
seems reasonable to consider aorto-enteric fistulae in the
same category as infective complications because the graft is
inevitably infected at this stage, the aetiology is considered by
many to be infection, and the treatment options are similar.

Diagnosing graft infection is often far from straightfor-
ward. If the patient presents with torrential gastrointestinal
bleeding, sepsis or with an obvious septic focus and a CT
scan demonstrates perigraft fluid, ectopic gas or intravenous
contrast medium in the bowel lumen, the diagnosis is simple.
However, much more difficult is exclusion — or confirmation
— of graft infection in a patient with more insidious symp-
toms, for example weight loss, lethargy, pain or gastrointesti-
nal blood loss. CT scans, or angiography, may show focal
bowel thickening, inflammation of the perigraft tissues or
minor anastomotic dilatation, but none of these alone will
secure a diagnosis. Labelled white cell scans and magnetic
resonance imaging (MRI) have a role, but reported sensitivi-
ties vary widely. Upper and lower gastrointestinal endoscopy

are often unhelpful unless there is active bleeding, but an
ulcer in the third or fourth parts of the duodenum should be
treated with suspicion. The patient may present many years
after the original surgery, and the bacteria implicated range
from a destructive Staphylococcus aureus to a low-virulence
Staphylococcus epidermidis.

Operative strategy in all infected grafts is defined by two
aims: (i) excision of infected material; and (ii) restoration of
circulation to the tissue which was perfused by the graft. This
is particularly challenging in aortic grafts where perfusion of
the whole lower part of the body needs to be considered and,
in addition, in some patients occlusive disease may have been
all (or at least part) of the reason for the original surgery. The
mortality of surgery for infected aortic prostheses is reported
at up to 50 per cent, with major amputation rates in the sur-
vivors also approaching 50 per cent. A major concern is
recurrent infection in a newly implanted prosthesis, either by
direct or haematogenous seeding.

Occasionally a local procedure can be performed. The
limb of an infected, aortic bifurcated graft can be excised,
and this may be sufficient if the patient presented with a
chronic problem and the upper part of the graft is incorpo-
rated into the surrounding tissues. Some surgeons advocate
that if any part of a graft is infected then it must be assumed
that the whole is affected. Pragmatically, an elderly or frail
patient may survive a local graft excision if the infection is
low grade, and there may not be a further problem within
that patient’s lifetime.

The options for definitive surgery, either urgent or
planned, can be considered in three main ways:

1. The method of reconstitution of flow must be decided
upon, anatomic or extra-anatomic (Fig. 6.4). The extra-
anatomical route has the major advantage that there is a
lower risk of infection in the new graft. Axillo-femoral
bypass is described in the section on limb salvage
surgery below.

2. The material for the replacement conduit must be
chosen. The choice includes prosthetic material,
prosthetic material with microbial retardant adjuvant
(e.g. rifampicin or silver coating) or autologous vein.
Long saphenous vein is unsuitable for this purpose, but
a graft can be fashioned using both superficial femoral
veins. The popliteal vein can form an extension to this
free vein graft if further length is required. Problems
with venous return are minimal if the profunda femoris
vein is left intact. In addition, a small number of
surgeons have reported work using arterial allografts.

3. It should be considered whether the procedure might be

staged. This is occasionally an option even in aortic
grafts if the original bypass was performed for
claudication and the collaterals are sufficiently well
developed to allow the limbs and pelvic organs to
remain viable after graft excision. It has the advantage
that the infected graft can be excised and all residual
sepsis eradicated before a new graft is inserted.
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When an infected aortic graft is excised and an extra-
anatomical replacement graft has been chosen, the stump of
the proximal native aorta must be closed. This is a vulnerable
end closure of a large artery which has a wall made friable by
both the underlying degenerative disease and the infection.
Monofilament mattress sutures are usually recommended
before the aortic clamp is released, followed by a further con-
tinuous suture. Distally, the iliac stumps must also be over-
sewn (Fig. 6.4b). When, in order to safeguard distal
perfusion, an extra-anatomical bypass has to be performed at
the same time as the excision of the graft, the axillo-femoral
bypass is created first. Great care is needed to isolate the clean
from the infected operative field.
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Figure 6.4 Reconstruction for
infected aortic grafts. (a) The
infected graft has been excised
and replaced with a deep vein
graft to the common iliac artery
on the right and to the common
femoral artery on the left.

(b) After excision of the infected
aortic graft, the aortic stump and
the right common iliac artery have
been oversewn. Bilateral axillo-
femoral grafts can restore distal
perfusion.

SURGERY OF THORACO-ABDOMINAL
ANEURYSMS

These aneurysms are subdivided into types I to IV, and are
illustrated diagrammatically in Figure 6.5. The nomenclature
is superficially confusing, as type IV aneurysms — despite
extending up to the diaphragm — are still confined to the
abdominal aorta. However, the additional technical chal-
lenges they pose, compared with infra-renal abdominal aor-
tic aneurysms, justifies their inclusion with the other
thoraco-abdominal aneurysms.

The surgery for any of these aneurysms is a very major
undertaking, with significant mortality and morbidity. In

Figure 6.5 Thoraco-
abdominal aneurysms are
classified into four types. Type
I'is a thoracic aneurysm which
extends down to involve the
origins of the visceral vessels.
Type Il is a diffuse aneurysm
involving the whole of the
thoracic and abdominal aorta.
Type Ill involves the whole
abdominal aorta but only the
lower thoracic aorta. Type IV in
which the suprarenal portion
of the abdominal aorta is
involved, but the aorta is

v normal above the diaphragm.
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many elderly and frail patients — and in those with significant
co-morbidity — surgical intervention will not be justified.
Surgery has been centralized to tertiary referral units in order
to improve outcome, and most general vascular surgeons
will refer potentially suitable patients to these centres for
assessment and surgery. It is however still important that the
additional technical and physiological challenges of these
operations are understood by those dealing with the com-
moner vascular problems. Further reading on the subject is
recommended."

ACCESS

The patient is usually positioned supine, but is rotated so
that the left chest and shoulder are raised. The left arm is
raised on a support. A long thoraco-abdominal incision is
needed to expose the whole length of the thoracic and
abdominal aorta. In type IV aneurysms the incision does not
need to be extended so far proximally, but access into the
chest will still be required. This incision alone is associated
with significant postoperative respiratory morbidity. If the
transperitoneal approach to the infradiaphragmatic aorta is
chosen the aorta, spleen and left kidney are swung anterome-
dially. The alternative retroperitoneal approach is also satis-
factory unless an endarterectomy will be needed on a visceral
or right renal artery, when access may be inferior.

VASCULAR CONTROL

It is the high cross-clamping of the aorta which is mainly
responsible for the mortality and morbidity of this surgery.
Complications include ventricular strain with an intraopera-
tive myocardial infarction, renal damage both from
ischaemia and from reperfusion injury, and paraplegia from
spinal cord ischaemia. Prior to closing the proximal clamp,
the patient is systemically heparinized. The kidneys may be
additionally protected by the administration of a diuretic, in
addition to local cooling. Temporary shunts to maintain dis-
tal blood flow have been employed in attempts to reduce left
ventricular strain, acute tubular necrosis and paraplegia, but
these have not been universally successful. A left heart bypass
is also used on occasion, and this can maintain distal perfu-
sion if segmental clamping is employed. For example, the
proximal anastomosis can be performed with clamps on the
aorta at the diaphragm and at the junction of the aortic arch
and descending aorta. Meanwhile, inflow from the left heart
bypass to a femoral artery can maintain perfusion through all
branches of the abdominal aorta by retrograde flow.

RECONSTRUCTION

The aneurysmal sac is opened and the top end of a long pros-
thetic graft is secured in place in a similar fashion to that
employed in an infra-renal aneurysm repair. There is then
the additional challenge of restoring inflow to the important
branches of the thoracic and abdominal aorta. Except in the
lower type IV aneurysms, the high cross-clamp endangers

the spinal cord. Sometimes therefore, the first vessels to be
reimplanted are a pair of intercostal arteries if these were
demonstrated on a preoperative CT angiogram. When this
has been done, the cross-clamp can be moved more distally
so that spinal cord perfusion is restored. A patch of native
aorta is then cut to encircle the origins of the right renal
artery, the coeliac axis and the superior and inferior mesen-
teric arteries. A similar-sized hole is cut in the graft and the
patch of native aorta sewn into it. The left renal artery is
reimplanted into the graft in a similar fashion with a second
patch (Fig. 6.6). The occlusion clamp can then be moved
again to a more distal site to allow renal and visceral reperfu-
sion before the distal anastomosis is fashioned. Occasionally,
the renal and visceral arteries cannot be simply reimplanted
on a patch of native aorta. There may be an atheromatous
stenosis of the origin of the artery. An endarterectomy may
be successful in restoring patency, but a separate bypass graft
may have to be fashioned.
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Figure 6.6 Discs of native aorta are cut to include the origins of
the renal and visceral arteries. These discs are anastomosed into
holes cut in the graft.

OCCLUSIVE DISEASE OF THE VISCERAL
ARTERIES

Renal artery revascularization

Occlusive disease of the renal arteries, with resultant
ischaemic renal tissue, can result in two main complications.
The ischaemic tissue may cause renovascular hypertension
by alterations in the renin/angiotensin homeostatic balance,
and renal function can deteriorate. When these complica-
tions ensue, but the kidney has retained some useful func-
tion, revascularization is an option. If function is extremely
poor, a nephrectomy may be the better alternative if the
other kidney is normal. Renal revascularization should be
considered in poorly controlled hypertension if one kidney
has a renal artery stenosis of >70 per cent, and it may also be
indicated for deteriorating renal function, especially when
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acute renal failure is precipitated by angiotensin-converting
enzyme inhibitors.

Revascularization by angioplasty and endoluminal stents
is increasingly a simpler option than surgery, especially in
elderly patients with significant cardiovascular co-morbidity.
In younger patients the stenosis is more commonly either
post-traumatic or from fibromuscular dysplasia. Angioplasty
with stenting may be better for fibromuscular dysplasia than
surgical revascularization, due to fewer complications.
Surgical options include endarterectomy and bypass grafts,
either alone or in conjunction with aortic replacement.

ENDARTERECTOMY

A transaortic renal endarterectomy, as illustrated in Figure
6.7, is a satisfactory approach which is usually possible with-
out a full aortic cross-clamp. The incision is transverse and
extends into the renal artery. Closure is with a vein patch.

Figure 6.7 A renal endarterectomy. A side clamp is maintaining
distal flow. Closure is with a vein patch.

RENAL ARTERY GRAFT

The choice between infra-renal and supra-renal aorta as the
donor site depends mainly on the distribution of any con-
comitant aortic atheromatous changes. The anastomosis is
end-to-side onto the aorta and, if there is no atheroma and the
aorta is pliable, it may be possible to construct this anastomo-
sis with a side clamp on the aorta whilst preserving distal flow.
A cross-clamp will be necessary if the aorta is thickened and
atheromatous. The distal anastomosis of graft to native renal
artery beyond the stenosis is end-to-end (Fig. 6.8).

When the abdominal aorta is too heavily diseased for a
graft to be taken from the region of the kidney, there are sev-
eral alternative operative strategies. A graft can be taken from
the hepatic artery or, after a splenectomy, the splenic artery
can be anastomosed end-to-end to the renal artery (Fig. 6.9).
Alternatively, the kidney can be mobilized and autotrans-
planted into the iliac fossa. This will require an arterial and a
venous anastomosis, but the ureter — after mobilization — can
be left undisturbed. Unfortunately, if the aorta is heavily dis-
eased the iliac arteries are often similarly affected.

R
—
—
N
—
—
—g
—

5

Figure 6.8 Revascularization of the kidney with a graft from the
infra-renal aorta. This is an end-to-side anastomosis onto the aorta,
but an end-to-end anastomosis to the renal artery distal to the
stenosis.

Graft to right kidney

Figure 6.9 Alternative donor arteries can be used to revascularize
a kidney. Right: a graft has been taken from the hepatic artery. Left:
the spleen has been removed and the splenic artery itself used for an
end-to-end anastomosis.

SIMULTANEQOUS AORTIC AND RENAL ARTERY
RECONSTRUCTION

This more major procedure, with a significantly higher mor-
tality rate, should however be considered when there is sig-
nificant aortic pathology in itself justifying surgery (Fig.
6.10).

Mesenteric ischaemia

Acute mesenteric ischaemia, presenting as an intra-abdomi-
nal emergency with ischaemic or infarcted bowel, is dis-
cussed in Chapter 22. Acute presentation is usually after
infarction has occurred, and revascularization of the bowel is
therefore seldom a practical option. However, those patients
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Opened native aorta

Figure 6.10 Right renal revascularization has been combined with
an infra-renal aortic tube graft.

who present with chronic or critical mesenteric ischaemia
can be viewed in a similar fashion to those requiring revascu-
larization for limb salvage. The occlusions in the visceral
arterial tree are almost always segmental and multiple. For a
considerable period compensation is possible as there is
already an anatomical communication between the three
visceral arteries to the gut, and these channels open up as
alternative routes for perfusion. It is not uncommon to
maintain adequate perfusion of the bowel with only one of
these visceral arteries still patent (Fig. 6.11).

Patients with chronic mesenteric ischaemia classically
complain of non-specific post-prandial abdominal pain and
weight loss. Diagnosis depends on an initial suspicion fol-
lowed by vascular investigations. In critical ischaemia an
urgent multidisciplinary approach is essential to save the
ischaemic bowel."" Revascularization options include
thromboembolectomy, endarterectomy and bypass grafts.
Superior mesenteric artery embolism and embolectomy are
described in the section on mesenteric vascular emergencies
in Chapter 22.

ACCESS

The visceral arteries are usually isolated via a transperitoneal
anterior abdominal approach. The coeliac artery is reached
by an incision into the lesser sac through the lesser omen-
tum. The aorta emerges into the abdomen just to the right of
the oesophagus, which is easily identified if a nasogastric
tube has been passed. The origin of the coeliac artery is very
close to the diaphragm, and additional aorta above it can be
exposed by an incision in the right crus of the diaphragm (see
Fig. 5.24, page 93). The origin of the superior mesenteric
artery can be reached by the same approach as that required
for the coeliac artery, which is convenient when surgery is

Figure 6.11 Extensive collateral circulation allows the whole gut
to be perfused through a single patent visceral artery.

planned on both vessels. It can also be reached a few cen-
timetres from its origin, where it emerges from the pancreas,
by displacing the transverse colon up, and the small bowel to
the right. Access to the inferior mesenteric artery only requires
incision of the posterior peritoneum over the anterior
surface of the aorta.

The alternative posterior approach to all three arteries
relies on a medial visceral rotation of the splenic flexure of
the colon, spleen and tail and body of the pancreas.

ENDARTERECTOMY

Endarterectomy requires suprarenal aortic cross-clamping,
with its associated risks. A trapdoor of aortic wall — including
the origins of the coeliac and superior mesenteric arteries — is
then raised to expose their origins. Good results have been
reported with endarterectomy, but most surgeons favour
bypass grafting or the reimplantation of a visceral artery.

BYPASS GRAFTS

Vein or prosthetic graft can be used as a bypass. Vein may be
more liable to kink, but is preferred if any reconstruction is
to be performed when there is also the need to resect a seg-
ment of infarcted gut. Inflow can be taken from the supra-
coeliac aorta forming an antegrade graft, or from the
infra-renal aorta forming a retrograde graft. The advantages
of the latter are easier access, and the avoidance of a supra-
renal aortic clamp which may be necessary in a supra-coeliac
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graft if the aortic wall is too stiff to allow a side clamp.
Disadvantages include an increased danger of occlusion
from kinking, but the risk of this can be reduced by using a
stiffer prosthetic graft which is also long enough that it can
enter the superior mesenteric artery in an antegrade direc-
tion (Fig. 6.12). As discussed above, it is usual for all three
visceral arteries to be affected by occlusive pathology at the
time of presentation, and for a large collateral network to
have become established. Grafts are therefore seldom per-
formed to all three arteries, and grafting to the superior
mesenteric artery alone is often sufficient. There is however a
good argument for performing a graft to two of the visceral
vessels if only to ensure alternative inflow into the visceral
arterial system if one graft should fail. A second limb of an
infra-renal graft can be tunnelled up behind the neck of the
pancreas for an anastomosis onto the coeliac artery.

Prosthetic graft

Superior
mesenteric artery

Figure 6.12 A retrograde bypass graft from the aorta to the
superior mesenteric artery. The wide curve reduces the risk of
kinking, and aligns the flow with the recipient vessel.

OCCLUSIVE DISEASE OF THE ARTERIES OF THE
AORTIC ARCH

Although stenoses of the roots and proximal portions of the
large branches of the aortic arch can occur in atheromatous
disease, arteritis is an alternative underlying pathology which
classically affects young women. Patients with carotid occlu-
sion usually present with neurological symptoms. Those
with subclavian occlusion may present with claudication, or
critical ischaemia, of the upper limb. However, they may also
present with neurological symptoms, when the only perfu-
sion of the limb is from retrograde flow down the vertebral
artery with subsequent deleterious effects on cerebral perfu-
sion (Fig. 6.13a). This is known as subclavian steal.
Occlusion of the roots of these vessels is a comparatively
rare disease, and an endovascular approach with angioplas-
ties and stents is increasingly the first line of management.
Surgery is therefore practised relatively infrequently, and

Figure 6.13 (a) The proximal subclavian occlusion has resulted in
‘subclavian steal’, in which the upper limb perfusion is dependent on
retrograde flow down the vertebral artery. (b) Revascularization with
a bypass graft from the carotid artery.

those patients who do require surgery are usually referred to
surgeons with a special interest. Thus, these operations do
not form part of the standard surgical practice of most vas-
cular surgeons. However, the principles are similar to other
vascular reconstructive challenges. Bypass grafts are fash-
ioned to restore perfusion. When several vessels are involved,
the proximal anastomosis may have to be taken from the
aortic arch (Fig. 6.14). A median sternotomy or a 3rd space
right anterolateral thoracotomy, will be necessary for access.

When the stenosis affects only one or two large arteries,
extra-thoracic bypass techniques will be practical. Two such
grafts are illustrated in Figures 6.13b and 6.15. In Figure
6.13b, a graft has been taken from the common carotid
artery to the patent portion of the ipsilateral subclavian
artery distal to the obstruction. The supraclavicular
approach which allows simultaneous access to both these
arteries is described in Chapter 5, and illustrated in Figure
5.20. Figure 6.15 illustrates a bypass from a patent axillary
artery to a contralateral axillary artery which has an inflow
obstruction. A bilateral infraclavicular approach, as
described for an axillobifemoral bypass and illustrated in
Figure 6.17, is used. The graft is tunnelled subcutaneously
across the anterior chest wall.
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Figure 6.14 A graft from the thoracic aorta to the arteries of the
aortic arch which are occluded near their origins.

Figure 6.15 A bypass graft from one axillary artery to the other to
restore upper limb perfusion.

OPTIONS IN LIMB SALVAGE SURGERY

The options for limb ischaemia include a conservative
approach based upon best medical therapy, an endoluminal
radiological approach, a reconstructive surgical approach,
amputation if there is no possible reconstructive option (see
Chapter 4), or a palliative approach, accepting that the
ischaemic limb is a manifestation of end-stage cardiovascular
or malignant disease.

¢ Best medical treatment comprises antiplatelet therapy,
lipid management with diet, statins and the
optimization of antihypertensive therapy. Advice and
support should be given both regarding the cessation of
smoking and the maintenance of regular exercise. In
some centres exercise programmes are available.

¢ Radiological approach: endoluminal therapy has opened
new avenues for limb salvage. Thrombolysis is an
alternative to surgery in acute limb ischaemia from
thrombus or embolus, either within a native vessel or
within a graft. Balloon angioplasty — with or without
stenting — offers many advantages over surgery,
particularly in the aorto-iliac segment. In many
situations endoluminal procedures alone are sufficient
to salvage a limb. Percutaneous procedures can also be
used in conjunction with reconstructive surgery to
improve inflow, and allow a crossover graft or a
femoral-popliteal graft to function. Angioplasty can also
be used to help salvage a failing graft.

ACUTE LIMB ISCHAEMIA

In the absence of protective collaterals, a sudden occlusion of
an artery can present as acute limb ischaemia. Limb salvage
will usually require emergency intervention to restore distal
perfusion, whether this is by thrombolysis, by surgical
thromboembolectomy or by an emergency vascular recon-
struction. No attempt should be made to restore the circula-
tion to a limb that is non-viable as this will merely hasten the
death of the patient from multiorgan failure. The only
alternative is amputation, but in those patients who are
already terminally ill, supportive palliative care is usually
more appropriate.”

Diagnosis and assessment

Classical presentation of acute limb ischaemia is with the five
‘Ps”: a sudden onset of Pain, followed by Perishing cold,
Pallor, Parasthesia, and ultimately Paralysis. The marble
white leg is not seen universally as venous reflux disease, or a
trickle of blood via collaterals, can colour the skin and con-
fuse the situation. Hand-held Doppler assessment is very
helpful, as is a clinical comparison with the pulse pattern of
the contralateral limb.

Having made a diagnosis of acute limb ischaemia, the
question is raised as to whether this is an embolic phenome-
non, or an acute deterioration on the background of existing
pathology, with thrombosis in situ due to atheroma,
aneurysm or a thrombotic tendency. Ultimately, the biggest
decisions in acute limb ischaemia are with respect to the time
available for investigation, and then the most appropriate
salvage procedure. A good history will reveal the rate of
change. If the symptoms of pain have progressed to sensori-
motor deficit within 2-3 hours, then the patient has little in
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the way of protective collaterals and the limb is imminently
threatened. Consideration should therefore be given to
urgent exploration with a view to thromboembolectomy and
on-table imaging, all of which can be performed under local
anaesthesia.

However, the patient in whom symptoms and signs have
developed over a day or so, with a history of claudication and
evidence of contralateral peripheral arterial occlusive disease,
merits urgent imaging in order to plan the best treatment. In
addition, in acute ischaemia of more insidious onset, inter-
ventional radiology may provide the best initial therapy in the
form of thrombolysis (see Chapter 5), even if it has to be fol-
lowed by later angioplasty or definitive surgery. The groups of
patients for whom lysis is particularly suitable are those with
graft occlusion, those with emboli arising from a popliteal
aneurysm, and those in whom there is a specific underlying
anatomical abnormality, such as a popliteal entrapment syn-
drome. In each of these scenarios, lysis can be used to retrieve
a difficult ischaemic problem and allow definitive corrective
surgery at a later date. Be wary of a patient presenting with a
complication of a thrombosed or embolizing popliteal
aneurysm (see below). Some 50 per cent of patients present-
ing in such a way will ultimately lose their leg, due — at least in
part — to a failure of timely diagnosis.

The limitation of thrombolysis in acute limb ischaemia is
the delay after the start of treatment before there is any
improvement in perfusion. There is often even an initial
worsening of both the symptoms and signs of ischaemia in
the first few hours. This makes it an unsuitable treatment
when the initial assessment indicates limb loss within
4-6 hours unless the circulation is restored.

Thromboembolectomy

The need for preoperative imaging is dictated by the nature
and onset of the presenting signs and symptoms, and also the
facilities available for on-table angiography. Anticoagulation
is commenced with 5000 IU of unfractionated heparin.

The two commonest sites for this procedure are the com-
mon femoral artery in the groin, and the distal brachial
artery at the elbow. In both cases this represents a site of arte-
rial bifurcation where an embolus may lodge. Following the
lodgement of an embolus, there is propagation of thrombus
both proximal and distal to the occlusion. This must also be
addressed before perfusion can be restored. The diagnosis of
embolus is more secure in the upper limb, as in the lower
limb there is a greater likelihood of an iliac or superficial
femoral artery thrombosis occurring on a background of
pre-existing disease. Thrombectomy may be successful in
this situation but, if it is not successful in restoring distal per-
fusion, there may be a need for a salvage bypass."

BRACHIAL EMBOLECTOMY

This can easily be performed under local anaesthesia in a
cooperative patient. Most patients tolerate this procedure

well, but it is advisable to have an anaesthetist present as an
acute cardiorespiratory deterioration can occur during the
procedure. Often a pulse can be felt all the way down the
brachial artery to just above the bifurcation in the antecu-
bital fossa. This is the site to infiltrate with 10-15 mL of 1 per
cent lignocaine, in the anaesthetic room before scrubbing.

The skin should be prepared from the shoulder to the
wrist, and the hand is placed in a see-through bowel bag, or
draped in such a way as to allow ready assessment of the
return of perfusion. A lazy-S incision is made from just
medial to the distal portion of the biceps muscle, over the
tendon and then down onto the forearm. After incising the
skin, a few subcutaneous veins are usually encountered; these
should be divided between ties or pushed to the side with a
self-retainer. The brachial artery lies between the biceps ten-
don and the median nerve and deep to the bicipital aponeu-
rosis. The latter structure can be incised to allow further
exposure (see Fig. 5.23, page 92). The brachial artery is slung,
and this can be used to retract it forwards to find the bifurca-
tion. Both the radial and ulnar arteries must be slung to allow
proper clearance of these vessels. Note that the interosseus
artery often arises close to, or at the bifurcation. This vessel
may produce troublesome back-bleeding.

The arteries are clamped and a transverse arteriotomy is
performed about 1cm proximal to the bifurcation. A
Fogarty balloon is passed, proximally first and then distally,
down both the radial and ulnar arteries separately. Good
inflow must be established, as well as good back-bleeding
from each of the distal vessels. The Fogarty catheter must be
used with care. Do not over-inflate the balloon, and carefully
adjust the pressure as resistance changes, feeling the pressure
through your thumb holding the syringe.

Completion angiography is desirable. Ideally, this is
achieved with a C-arm image intensifier system. Modern
machines can produce subtraction images in theatre. Once
satisfied, the arteriotomy is closed with interrupted 5/0 or 6/0
monofilament sutures, inserted so that the needle passes
from deep to superficial on the distal part of the artery.

FEMORAL EMBOLECTOMY

Most femoral explorations can also be performed under local
anaesthesia. However, because of the number of cases that
require fasciotomies, and the occasional need for salvage
crossover or bypass grafts, it is essential that the duty anaes-
thetist has seen the patient preoperatively. Once more, it is
better to inject the operative field with 1 per cent lignocaine
(20 mL) before scrubbing. The groin should be shaved, and
consideration must be given to the possible need for a
crossover graft. The skin of the limb is prepared down to the
ankle, after which the foot is placed in a transparent bowel
bag. Make sure that the landmarks are exposed. The inguinal
ligament runs between the anterior superior iliac spine and
the pubic tubercle, and these points of reference must be in
view. The approach to the common femoral artery is
described in Chapter 5, but to summarize, a vertical or
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oblique incision is made and the subcutaneous fat divided
down to Scarpa’s fascia. The fascia is incised and deep to this
level, veins and lymphatics must be divided between ties as
encountered. The lymphatic channels are commonly seen
just anterior to the common and superficial femoral arteries.
The common femoral artery is slung at the level of the
inguinal ligament, and tapes are then also passed around the
superficial and profunda femoral arteries. Be careful not to
damage the profunda femoris vein when dissecting the pro-
funda femoral artery. The posterior aspect of the bifurcation
must be carefully inspected to avoid missing a ‘first perforat-
ing branch’ of the profunda. A lateral or medial circumflex
artery may also come off the common femoral artery rather
than the profunda as usual.

Pay careful attention to the quality of the vessels. The
superficial femoral artery may be chronically occluded, the
origin of the profunda may be narrowed, or there may be a
posterior plaque running down into the common femoral
artery from the external iliac artery. All of these features will
influence the direction and nature of the arteriotomy. The
common femoral artery is opened, longitudinally if the ves-
sels are disease-free and large or if the common and superfi-
cial femoral arteries are heavily diseased and a vein patch is
considered necessary. A transverse arteriotomy is preferable
if the vessel is diseased posteriorly, but is widely patent and
soft anteriorly. An oblique arteriotomy down into the pro-
funda femoral artery is best if the superficial femoral artery is
chronically occluded and the origin of the profunda is hard
and therefore in need of patch angioplasty closure. If in
doubt, a transverse arteriotomy is perhaps best as this can be
converted into a diamond opening and either patched if nec-
essary, or closed primarily if a simple embolectomy is per-
formed.

Inflow must be established first. The iliac system is swept
with a large (size 4) Fogarty catheter. Good inflow, once
gained, must be protected by flushing dilute heparinized
saline solution (2000 IU heparin in 500 mL saline) up the
iliac system. Occasionally, inflow cannot be established. Are
the iliac arteries hard and craggy when the catheter is passed?
Perhaps the catheter cannot be passed up at all. Is this due to
a blockage or non-negotiable kink? At this stage active con-
sideration may be given to a salvage extra-anatomical
bypass.

Once inflow is established, attention is turned to the distal
arterial tree. A size 3 Fogarty catheter is passed down the
superficial femoral artery. In the case of a classic embolus,
the major fragment will be found on opening the common
femoral artery, but there will be smaller fragments and a rib-
bon — often an arterial cast — of propagated thrombus down
the superficial and profunda femoral arteries. Keep passing
the catheter up and down until there is no further return of
thrombus. There should be good back-bleeding, and the
catheter should have been passed down to 40 cm at least. At
this stage many advocate a completion angiogram. If this can
be accomplished it certainly should be, but in some theatres
there is no C-arm facility with image intensification. An

alternative is to close the arteriotomy and watch for a healthy
reperfusion of the foot. An awake patient will often report a
return of feeling and warmth.

Completion angiography is always desirable in femoral
embolectomies, and if the clinical result of reperfusion is
poor — or if the catheter cannot be passed beyond the adduc-
tor hiatus — then an angiogram really is essential. It may be
that there is chronic obliterative disease with a stenosis or
occlusion at the femoropopliteal level, or the thrombus may
be strongly adherent to the vessel wall. Alternatively, there
may be a slightly unusual cause for acute ischaemia, for
example a thrombosed popliteal aneurysm or an acute pres-
entation of an entrapment syndrome.

If the problem is adherent clot, either in the distal circula-
tion or on the wall of a major vessel, then thrombolysis can
be considered. Tissue plasminogen activator (t-PA) can be
administered directly into the artery. The usual dose is 10 mg
made up to 20 mL and instilled for 20-30 minutes before
repeating the angiogram. If there is a chronic superficial
femoral artery block, collaterals will be well developed. In
this situation, clearance of both the acutely blocked iliac sys-
tem — and of the common and profunda femoral arteries —
may be sufficient to restore perfusion to the limb. It is worth
closing the arteriotomy and watching what happens to the
foot. A patch angioplasty of a narrowed profunda origin may
be sufficient to prevent rethrombosis.

Sometimes a salvage bypass is required, as is performed for
chronic ischaemia and described below.

SADDLE EMBOLI

Even a large embolus which lodges in the aortic bifurcation
can be cleared by femoral embolectomy. This must be car-
ried out through both femoral arteries, as illustrated in
Figure 6.16.

CHRONIC LIMB ISCHAEMIA AND ARTERIAL
RECONSTRUCTION

The management of a chronically ischaemic limb requires a
holistic approach from the outset, carefully balancing the
patient’s general condition and co-morbidity against the
severity of the limb ischaemia and the level of symptoms.
Available bypass material and the potential for success, based
on imaging, must be considered.

Although a patient with a chronically ischaemic limb can
often be managed conservatively, there are some who —
although the limb is not threatened — will seek intervention
for claudication that might inhibit their active lifestyle.

Despite the relatively benign course of chronic limb
ischaemia, a proportion of patients will develop critical limb
ischaemia. Pragmatically, this can be considered to be a limb
which is actually threatened with loss of viability if left
untreated. By definition, it is a chronic situation resulting in
rest pain and/or tissue loss in the form of ulceration or gan-
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Figure 6.16 Embolectomy of a saddle embolus at the aortic
bifurcation. (a) The catheter tip is above the embolus after
introduction through the right femoral artery. (b) Residual clot is
then removed via the left femoral artery.

grenous digits. Typically — but not exclusively — the ulcers
affect the bony prominences of the foot. The development of
sensorimotor signs (altered sensation and/or power), or calf
tenderness which implies muscle necrosis, both indicate
impending limb loss. Intervention — either radiological, in
the form of angioplasties or stents, or surgical in the form of
bypass grafts — becomes necessary if amputation is to be
avoided. Endarterectomy, although a standard treatment for
atheromatous stenosis of the carotid artery, has a diminish-
ing role in the treatment of chronic ischaemia of the lower
limb.

Before examining individual scenarios, it is helpful to
consider the principles governing the choice of procedure,
conduit and anatomical route taken to connect the recipient
and donor vessels. Essentially, a graft will fail if the inflow is
inadequate, the outflow vessels are too diseased or nar-
rowed, or the conduit is inadequate in terms of quality,
diameter or material. The most frequently used conduit for

infra-inguinal bypass is the long saphenous vein (LSV). If
the bypass is only going to the above-knee popliteal seg-
ment, a prosthetic material probably produces similar
patency and limb salvage rates. However, for longer
bypasses it is generally accepted that prosthetic material is
inferior. The absence of a suitable LSV results in a choice
between the hunt for a suitable vein, the use of a prosthetic
material, or the use of a biological material such as human
umbilical vein. Although the ipsilateral LSV is usually the
preferred option, other suitable superficial veins include the
contralateral LSV, a short saphenous vein or an arm vein. A
deep system vein, such as the femoral vein, can also be con-
sidered. Dacron and expanded polytetrafluoroethylene (e-
PTFE) are the standard prosthetic materials used for arterial
conduits, and these can be used with or without a distal cuff
of vein.

A graft may be routed in a way that mimics the vessel
that it is replacing, anatomical bypass, or in a way that does
not, extra-anatomical bypass. Examples of anatomical
bypasses are the femoropopliteal bypass, the aorto-
bifemoral bypass and the ilio-femoral bypass. Extra-
anatomical bypasses include femoro-femoral crossover
grafts and axillo-femoral grafts. The reasons for choosing a
particular route include the choice of inflow and outflow
vessels, the choice of anaesthetic technique, and the
patient’s general health. For example, an axillo-femoral
graft obviates the need to open the abdomen, while a
femoro-femoral crossover graft can be performed under
regional or even local anaesthesia.

It is helpful to think of the lower limb blood supply
divided into three segments, namely, the aorto-iliac segment,
the femoro-popliteal segment and the distal vessels. Clinical
examination will give a fairly good indication of the seg-
ments affected by occlusive disease. In general, it is unusual
for a limb to become critically ischaemic if only one segment
is involved. However, if the patient is diabetic the foot may
develop ulceration and web space sepsis in the presence of an
arterial tree that is, to all intents and purposes, normal to the
level of the distal calf. Similarly, a patient may develop rest
pain or tissue loss if relatively mild arterial disease is com-
pounded by poor cardiac function.

Adequate imaging is essential before planning salvage pro-
cedures. Usually a limb can be dramatically improved by
simply dealing with the most diseased, and usually blocked,
segment, whether this is by radiological or surgical means. As
indicated above, the requirements for a successful procedure
are adequate inflow and an appropriate landing site for a
bypass graft. The operations, segment by segment, are
described below, but it must be borne in mind that radiolo-
gists can help — especially in aorto-iliac disease — with either
a definitive treatment or by improving inflow to allow a
more distal bypass. Furthermore, there is increasing evidence
that femoro-popliteal disease can be managed effectively by
a radiological endovascular procedure, even in critical
ischaemia. A randomized controlled trial addressing this
particular issue is currently in progress.



114 Operative management of vascular disease

Aorto-iliac disease

Aorto-iliac segment disease can be dealt with very success-
fully by an interventional radiologist, and as a result the
number of surgical procedures on this segment has fallen sig-
nificantly over the past twenty years. Extra-anatomical and
anatomical bypass are however still necessary. The most
commonly performed procedures are aorto-bifemoral grafts,
axillo-femoral grafts and crossover grafts.

The groin dissection is described above. Usually, this is per-
formed first — before the inflow procedure — to establish that
the graft is a viable proposition. The common inflow sources
are the aorta, the axillary artery, the contralateral femoral sys-
tem or, less commonly, the ipsilateral or contralateral iliac
systems. Small modifications of the groin approach may be
necessary according to the donor source, for example, the
direction of the skin incision and the line of the arteriotomy.

AXILLO-BIFEMORAL GRAFTS

The advantages of the axillo-bifemoral graft are essentially
related to the level of surgical insult to which the patient is
subjected. No major muscle groups are incised, the abdomen
is not opened, and the aorta is not clamped. Axillo-femoral
grafts also have a role when there is a need to avoid a site of
infection in the abdomen. Before surgery it is wise to check
that the donor artery is disease-free. Measuring the blood
pressure in both arms can be enough, but many prefer the
reassurance of a duplex scan to confirm normal flow pat-
terns. An axillary artery approach which gives extensive
access is illustrated in Figure 5.21. However, as only limited
access is required for this procedure, a small transverse inci-
sion, located 1-2 cm below the central portion of the clavicle,
is suitable. Laterally the incision extends to a point just below
the medial limit of the delto-pectoral groove (Fig. 6.17).
Once through the skin, the pectoral fascia is encountered.
This fascia and the underlying pectoralis major muscle are
incised along the lines of the fibres and held open with a self-
retaining retractor. Deep to this is the clavipectoral fascia,
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Figure 6.17 A small transverse infra-clavicular incision will
provide good access to the axillary artery for an axillo-femoral
bypass.

which is incised. In so doing, a free edge of the pectoralis
minor is exposed. This muscle can be retracted, divided at
this stage, or divided later. The pulsation of the axillary artery
can usually now be felt clearly. The artery and vein are closely
related, the artery running slightly superior and deep to the
vein. The tributaries to the vein can be ligated and divided.
The artery must be slung with great care as this is a very soft
vessel and can be torn, and branches avulsed, easily. It may
be advisable to ligate the minor branches, especially those
arising posteriorly, to prevent back-bleeding when the vessel
is opened. Passing a sling around the artery as soon as is safe
will allow the application of some gentle traction which will
be helpful during the more distal dissection.

Make the tunnel and pass the graft into place before
heparin is administered. This is done by first running a finger
deep to pectoralis major and onto the chest wall. If the graft is
only to one groin, then it is often possible to push the tunnel
device from here all the way to the groin. The graft should run
in the mid-axillary line before being directed medially to pass
in a gentle curve, medial to the anterior superior iliac spine
(see Fig. 6.4b). If the groin is infected, the graft can be directed
laterally for longer to allow passage through healthy subcuta-
neous tissue to the superficial femoral or mid-thigh profunda
artery. If the graft is to go to both groins, an additional inci-
sion is often helpful. The surgeon has the choice of using a
commercially prepared bifurcated graft, or suturing a
crossover piece to pass from the groin, or higher, to the other
side. The additional incision allows the crossover portion to
be placed carefully without kinking. Tunnelling in the subcu-
taneous plane of the abdominal wall carries a real risk of
entering a body cavity or coming through the skin. It is
important that the drapes are carefully placed at the start to
allow as much view of the planned track as possible. Despite
this, the fact that many patients are obese or very frail means
that mishaps are a well-recognized occurrence.

The anastomosis at each end can be performed in a stan-
dard fashion, but make sure that there is enough length in
the graft so that it is not tight even at the extremes of move-
ment of the very mobile shoulder joint.

AORTO-BIFEMORAL GRAFTS

In occlusive disease these grafts are performed in a fashion
similar to that described above for aneurysms. Many sur-
geons prefer an end-to-side arrangement in the abdomen.
This may be less haemodynamically favourable and more
difficult to cover with peritoneum at the end, but it keeps
more collaterals in circulation, especially to the pelvic
organs, and so probably offers some protection to the limb in
the event of graft occlusion. In many cases of aortic occlu-
sion, the graft itself may be sited lower down the aorta than
the angiogram first suggests. The top part of the occlusion is
often fairly fresh thrombus that can be pulled out like a
champagne cork using a Fogarty catheter. This is especially
the case if the level of the occlusion extends up to the origins
of the renal arteries and the aorta feels soft.
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FEMORO-FEMORAL CROSSOVER GRAFTS

This extra-anatomical graft is a simple procedure that may
be performed quickly, under regional anaesthesia. The groin
dissections are performed as described above. The graft is
tunnelled subcutaneously just above the pubis. Sometimes it
is helpful to arrange that each arteriotomy is slightly oblique
so that the graft lies in a gentle curve (Fig. 6.18a). Be careful
when tunnelling; the abdominal wall and even the bladder
can be penetrated, especially in patients with previous
abdominal surgery.

Figure 6.18 Crossover grafts. (a) Femoro-femoral. (b) llio-femoral.

ILEO-FEMORAL GRAFTS

This is very similar to the femoro-femoral graft, except that
the common or external iliac artery is used as an alternative
inflow (Fig. 6.18b). The approach to the iliac arteries is by
retroperitoneal dissection through a muscle-splitting inci-
sion. The external oblique aponeurosis is split first, up to the
edge of the rectus sheath. The internal oblique and transver-
sus muscle fibres are then split to reveal the peritoneum,
which is swept up by blunt dissection. The retroperitoneal
vessels are exposed and the arteries are easily dissected if this
is an untouched field. The graft can be run out through the
corner of the wound to the contralateral groin, or under the
inguinal ligament for an ipsilateral graft.

Femoro-popliteal segment: femoro-popliteal
bypass

Despite recent advances in endovascular techniques, the
femoro-popliteal bypass — as shown diagrammatically in

Figure 5.12, page 78 — remains a procedure that is performed
regularly by vascular surgeons. A randomized controlled trial
comparing this procedure to angioplasty in critical ischaemia
(BASIL Trial) has now finished recruiting, and the results are
awaited.

The patient with chronic, severe lower-limb ischaemia
affecting the femoro-popliteal segment will usually have a
superficial femoral artery occlusion stretching from its origin
to the above-knee or, more commonly, the below-knee
popliteal segment. During the preceding months, or years,
the patient will have developed collateral circulation through
the profunda system, but at some point disease will have
developed at another site with resultant incapacitating clau-
dication, or critical limb ischaemia. The site of this disease
progression is important because there may be implications
for inflow and outflow of any bypass which is planned.
Occasionally, it is the origin of the profunda that has become
stenosed, allowing the possibility of a profundoplasty for
limb salvage.

Before embarking on a femoro-popliteal bypass, it is
important to establish that there is adequate flow through
the iliac segments. If it is inadequate it should be improved
with an endovascular procedure either before, or ideally at
the same time as, surgery. The distal circulation may be com-
promised, but providing that there is at least one calf vessel in
continuity to the ankle joint a femoro-popliteal bypass has a
reasonable chance of success. Even in the absence of a com-
plete calf vessel some surgeons will still perform a bypass into
a ‘blind’ popliteal segment, relying on a bed of small collater-
als to provide run-off.

If the graft is to be taken to the above-knee segment of the
popliteal artery, there is probably little difference in the suc-
cess rates of prosthetic grafts and autologous vein. However,
vein is almost certainly superior in terms of both patency and
limb salvage rates if the graft is to be taken more distally.

OPERATIVE PROCEDURE

The patient is positioned supine with the limb prepared from
the level of the umbilicus down to the ankle. Some surgeons
place the foot in a clear bowel bag to aid the final check of
perfusion following revascularization. The leg must be free
enough to allow repositioning during the procedure.
Usually, the recipient artery is dissected first, as this vessel is
more likely to define whether bypass is possible. The com-
mon femoral artery is then isolated by a standard groin dis-
section, modified by an angled incision to allow access to the
LSV. After both the inflow and outflow vessels are exposed,
the tunnel for the graft should be made prior to the adminis-
tration of heparin. The order of the anastomoses then
depends on the techniques employed. For example, the distal
anastomosis is completed first in a reversed vein graft, but
the proximal anastomosis is first in an in-situ vein graft.
Exposure of the above-knee segment popliteal artery is
achieved through a medial incision starting level with the
upper part of the femoral condyle and extending proximally
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for 10 cm or so, a hand’s breadth behind the patella (see Fig.
5.26, page 95). This is the surface marking of the LSV. The
exploration proceeds through the groove between the vastus
medialis muscle mass and the medial hamstrings (semitendi-
nosus and semimembranosus). Sartorius and gracilis are
retracted forwards with vastus medialis. The muscles are held
apart by a self-retaining retractor, and the artery is found on
the underside of the femur having just passed through the
adductor hiatus. The popliteal fossa at this level is often quite
fatty. The artery and vein are easily separated and, when
mobilized, the popliteal artery can be brought to the surface.
There are usually large genicular branches and these should
be protected and preserved.

Exposure of the distal segment of the popliteal artery is
also most commonly approached from the medial side. The
skin incision is placed parallel and 1 cm posterior to the
medial subcutaneous border of the tibia. The exposure is eas-
ier to perform if the knee is bent to 90 degrees and the hip is
flexed and abducted as much as the joint will allow. The LSV
often lies directly under these markings, and there is fre-
quently little subcutaneous fat to protect against damage at
the time of skin incision. It must be freely mobilized and pro-
tected, and then the medial head of the gastrocnemius is
retracted posteriorly, dividing the dense fascia connecting it
to the tibia. The plane between the bone and muscle is opened
and access to the distal popliteal fossa is quickly gained.
Occasionally, the insertions of the tendon of semitendinosus,
semimembranosus and gracilis restrict access (see Fig. 5.26).
Some authorities advocate division of these structures, but
space can usually be gained by full mobilization and retrac-
tion of the tendons. The artery is lateral to the vein, and the
two vessels must be separated with some care, as venous
bleeding at this stage can be difficult to control. If the
popliteal artery is soft it may be enough to pass slings around
this artery alone. However, the proximal part of this artery is
often diseased and therefore it is frequently necessary to place
the arteriotomy slightly more distally than this. For this rea-
son, it is common to tie, or suture ligate, and divide the ante-
rior tibial vein to allow the anterior tibial artery and
tibio-peroneal trunk to be slung (Fig. 6.19). Clamping these
vessels can be difficult. Ideally, a light bulldog clamp will
suffice but sometimes it is necessary to double-loop and
tighten the slings, with or without the use of a vessel occluder.

Vein graft

The LSV can be used either in situ or as a free reversed graft.
In either case, the broad proximal segment of the LSV makes
an ideal hood in terms of both size and shape for either the
proximal or the distal anastomosis. For this reason the LSV
must be divided as close to the common femoral vein as is
safe, using a Satinsky clamp to maximize the length of the
vein graft (Fig. 6.20).

All tributaries of the LSV must be accurately ligated with a
I-mm stump length. Care must be taken not to impinge
upon the vein by catching the adventitia in a knot and kink-
ing the graft.

Tibio-peroneal trunk
Divided anterior tibial vein
Anterior tibial artery

Gastrocnemius muscle

Soleus muscle Popliteal vein ~ Popliteal artery

Figure 6.19 Medial approach to the below-knee segment of the
popliteal artery. Note the divided anterior tibial vein which has
increased distal access and enabled the tibio-peroneal trunk to be
isolated.

Figure 6.20 A technique for dissecting the saphenofemoral
Jjunction and maximizing the length of the graft without
compromising the lumen of the common femoral vein. (a) A clamp is
applied at the junction and the vein cut flush against it. (b) The
common femoral vein is closed by suturing over the clamp. This
suture is left loose and then the clamp is wriggled free, before
returning with a second row of stitches to tie the suture to itself.

In-situ grafts These have the advantage of their size match-
ing the vessels to be anastomosed, and the graft is also left
undisturbed for a good portion of its length. However, occa-
sionally the saphenofemoral junction is much lower than the
first usable portion of common femoral artery and therefore
the LSV must be mobilized for some length down the thigh
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to allow a tension-free proximal anastomosis. Sometimes it
is not possible at all. Disadvantages of in-situ grafts include
the valves which must be destroyed, and the action of passing
avalvulotome to destroy them can seriously damage the graft
intima. In addition, each tributary is a potential fistula. After
the proximal anastomosis is completed the femoral artery
clamp can be released. This allows some flow down the vein
graft as far as the first competent valve, and also allows the
profunda system to perfuse the limb. The valvulotome is
then passed up from the distal end of the vein through a
small venotomy, as it is convenient to do this before dividing
the distal end of the vein. The valvulotomy device must be
passed several times, rotating it through 90 degrees each
time. Care must be taken when passing the device to
minimize trauma to the intima. The proximal anastomosis
must also be protected, usually by the assistant’s fingers
pinching the graft. If the valvotome passes unintentionally
through the anastomosis the sutures may well snag and be
cut. There are then three ways of dealing with the tributaries.
The first is to expose the entire length of the vein and inspect
it for tributaries, particularly on its deep aspect. The second
is to perform an angiogram and, using commercially
available tape with distance markers, identify the sites of
tributaries seen on the pictures and cut directly onto them.
In the third option the vein is exposed through a series of
short skip incisions, and a pocket Doppler probe applied. If
the graft is pinched distal to the probe and flow can be heard,
then there must be a patent tributary more proximally. This
can be hunted for and tied off. This process is repeated until
the distal end of the graft is pinched and no flow is detected.

Free reversed grafts If the LSV is to be a free reversed graft,
then it must be harvested, reversed and tested. There is some
benefit to be gained from preoperative duplex marking of the
vein. This will indicate with some reliability the course of the
vein and its distal diameter and sites of confluence. The vein
can be harvested, and its tributaries ligated, through a long
single incision or through a series of interrupted, or skip, inci-
sions. The latter approach takes longer, but it may reduce the
wound complications. It is important not to cut obliquely
onto the vein as this undermining increases the risk of skin
necrosis and wound problems. The proximal end of the vein
is divided at the saphenofemoral junction, as described above,
but the distal end of a free graft is best not divided until the
arteriotomy site at both ends is decided, even if this means
waiting until arteries are opened. Further vein length may be
needed. The harvested vein is tested by gentle distension with
heparinized saline. Do not over-distend the graft as this will
damage the adventitia. Small holes, caused by the avulsion of
tiny tributaries, may require repair with a figure-of-eight
stitch. Be careful not to narrow the vein.

Tunnelling

The graft can be tunnelled deeply following an anatomical
pathway, or superficially, essentially occupying the site of the
LSV. A synthetic graft — and even an externally supported
graft — may be best placed deeply in order to avoid graft-

occluding bends and kinks. A free vein graft can go deep, but
this does mean that access to any stenosis detected by sur-
veillance is difficult to reach. For the above-knee popliteal
graft, the vein can simply be placed in the track from which it
was harvested and then directed through the distal wound to
the popliteal artery. However, the below-knee popliteal graft
can be kinked by the hamstring tendons and has to turn
through a more acute angle when passing from superficial to
deep. One option here is to run the graft superficially along
the thigh and then pass it deep into the above-knee popliteal
fossa, guiding it down into the distal space from below. This
technique requires a further — albeit limited — dissection of
the superior portion of the popliteal fossa.

The possibility of creating a twist in a vein is very real. If
the proximal anastomosis is performed first, the clamp can
be released and the pulsatile pressure down the vein will
often show any twists missed by simple inspection. Care
must then be taken not to introduce any twist as the graft is
manipulated into position. A completion angiogram will not
only indicate anastomotic problems, but is likely to show a
twist.

The anastomoses
The anastomoses are usually end-to-side, both proximally
and distally. These can be performed by fixing the heel with a
mattress suture first, but many find that a parachute tech-
nique works best and allows the precise placement of each
suture without the need to lever up on the graft, risking a tear.
The recipient portion of the popliteal artery has already
been isolated at the start of the operation. The slings or bull-
dog clamps are applied for arterial control as described
above. The arteriotomy is placed according to the atheroma
in the popliteal vessel, but this can be a very difficult anasto-
mosis. One way of carrying out the distal anastomosis is to
parachute down the heel of the graft before completing the
distal fashioning of the vein. The extra portion can be
trimmed as the toe is approached, but before this it can be
clipped and used to hold the graft in a suitable position to
allow the back wall of the anastomosis to be sutured more
easily (Fig. 6.21).

Popliteal artery

Stay suture holding
arteriostomy open

Vein graft

Figure 6.21 Popliteal anastomosis. A stay suture holds the artery
open, making the suturing of the far side of the anastomosis easier.
The vein graft is held by mosquito forceps, but this damaged portion
of vein will be excised to shape the toe of the graft.
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Distal bypasses

When arterial occlusive disease in the lower limb involves the
distal segment, arterial reconstruction may no longer be pos-
sible. Reconstruction is however still an option if there is a
patent artery to offer adequate outflow from a graft. The sites
for distal anastomoses are the anterior tibial artery, the pos-
terior tibial artery and the peroneal artery. A graft is also
occasionally taken to the dorsalis pedis artery.

Anterior tibial artery

The anterior tibial artery is most commonly exposed in the
middle or distal third of the calf. The incision is made
halfway between the lateral subcutaneous border of the
tibia and the anterior border of the fibula. The tibialis ante-
rior muscle is separated from the extensor hallucis longus
and extensor digitorum longus muscles. The anterior tibial
artery runs between these muscle groups on the interosseus
membrane, and then on the tibia for a short distance before
it crosses the ankle into the foot underneath the superior
extensor retinaculum. A graft to this vessel can be run sub-
cutaneously, medial to lateral across the thigh, to pass
behind the lateral aspect of the knee, and then down the
lateral aspect of the calf. Alternatively, it can be channelled
more like an in-situ graft down the medial aspect of the
thigh. It then has to cross the tibia before meeting the
recipient artery, or it can be passed through the leg, after
incising the interosseus membrane and creating a tunnel
medial to lateral from the popliteal fossa to the lateral com-
partment.

Posterior tibial artery

The posterior tibial artery is easily exposed along its distal
third by a vertical incision starting 1 cm or less posterior to
the medial subcutaneous border of the tibia, extended in a
‘hockey stick’ fashion under the medial malleolus if neces-
sary. The posterior tibial artery is found quite superficially
situated in a groove between flexor hallucis longus and flexor
digitorum longus. Bypasses to this artery are ideally suited to
the use of in-situ LSV graft.

Peroneal artery

The peroneal artery may be approached from either the
medial or lateral side. With the lateral approach it is possible
to run a graft around the back of the fibula and lift the flexor
hallucis longus muscle back off the bone to create a space,
but mostly, the lateral approach involves removing a seg-
ment of the fibula to expose the artery. Some authors
describe a sub-periosteal excision of the bone to allow it to be
reimplanted at the end.

It is also possible to approach the peroneal artery from the
medial side. This helps the harvesting and placement of the
graft quite considerably. Taking an approach similar to that
for the posterior tibial artery, the flexor hallucis longus is
mobilized and the peroneal artery runs lateral to the tibial
nerve in the groove between the fibular origin of flexor hal-
lucis longus and tibialis posterior.

Dorsalis pedis artery

It is possible to bypass onto the dorsalis pedis artery, although
the opportunities for this are few in number. Frequently, the
patients with severe calf vessel disease also have foot vessel
occlusions, or have diabetes and the micro-circulation is
therefore dubious. However, the vessel is easily exposed and
the distal end of the LSV runs anterior to the medial malleo-
lus and is therefore very nicely placed to provide a conduit.

Popliteal artery aneurysms

Popliteal artery aneurysms are a particular problem. If iden-
tified asymptomatically, elective surgery is indicated. It was
traditionally taught that the threshold for intervention was
2 cm, but more recent investigations have suggested that up
to 3cm is relatively safe. Limb threat due to popliteal
aneurysm is usually due to either an acute thrombosis within
the aneurysm or embolization of thrombus fragments. Up to
50 per cent of patients presenting with acute complications
of popliteal aneurysms ultimately lose the limb, and this is
often due to a failure in diagnosing the problem.

Full diagnostic imaging is very important to establish the
extent of the aneurysm and to confirm that there are distal
vessels to receive a bypass. The aim of surgery is to exclude the
aneurysm from circulation, but before this can be achieved a
period of treatment with a thrombolytic agent may be neces-
sary to open the calf vessels. Occasionally, the process of lysing
an occlusion may result in distal embolization as blood starts
to flow past partially lysed thrombus. For this reason, regular
and frequent review is essential up to the time of surgery.

There are two commonly used approaches to a popliteal
aneurysm. In the truly elective situation, some surgeons
advocate operating on the patient in the prone position
through a lazy-S incision. This has the advantage of allowing
excellent exposure of the popliteal system in order to get
above and below the aneurysm. However, harvesting a piece
of vein for use as a graft is difficult, and it may be necessary to
turn the patient during the procedure. A medial approach to
the popliteal fossa means that a conventional LSV harvest is
possible, but the lower end of the aneurysm may be relatively
inaccessible as the aneurysmal expansion pushes the trifurca-
tion of the artery distally. The medial approach to the above-
and below-knee segments of the popliteal artery is described
above. As access is required to both segments, the two inci-
sions can be combined as a single long incision. A vein graft
bypass is anastomosed end-to-side onto the popliteal artery,
both above and below the aneurysm. Ties are then placed
around the popliteal artery above and below the aneurysm to
exclude it from the circulation (Fig. 6.22).

THORACIC OUTLET SYNDROME

The vessels and nerves to the upper limb must traverse the
narrow cervico-axillary canal to enter the axilla, and the
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Popliteal aneurysm excluded by ligatures

Bypass vein graft

Figure 6.22 Popliteal aneurysm. The popliteal artery has been
approached from the medial aspect and ligated above and below the
aneurysm. Distal perfusion is restored with a bypass graft.

vessels in addition have to turn over the first rib from their
intrathoracic origin. The wide range of movement of the
shoulder joint changes the shape and size of this channel.
Not surprisingly, a range of arterial, venous and neurological
symptoms are reported from impingement on these struc-
tures.”” Few patients, however, develop severe symptoms or
complications, and the great majority can be managed con-
servatively. Many surgeons believe that thoracic outlet syn-
drome is both over-diagnosed and over-treated. Surgical
opinion though is divided, and others believe that many
patients with milder symptoms can be helped by surgery.

¢ Neurological symptoms, of pain, parasthesia and
paresis, are caused by pressure on the cords of the
brachial plexus. The pressure is more often from the
scalene muscles which are attached to the first rib rather
than from the rib itself. Aberrant scalene bands to a
rudimentary cervical rib are also implicated.

e Vascular symptoms are much less common than
neurological symptoms and account for only 5 per cent
of the cases. The fulcrum for the compression is the first
rib. Vascular compression may give rather non-specific
symptoms, but complications such as a venous
thrombosis or an arterial stenosis or aneurysm can occur.

Surgical approach

Surgery for thoracic outlet syndrome is an uncommon oper-
ation in vascular surgical practice, and many patients will be
referred to those surgeons with a special interest, both for
their assessment and for their surgery. Surgery consists of
enlarging the space for the neurovascular bundle. This
includes the removal of a cervical rib (and any attachments
to it) if one is present. More often the skeletal anatomy is
normal, and the surgery is focused on the removal of the
middle portion of the first rib, the release of the scalene mus-
cle attachments, or a combination of the two procedures.
Operations for thoracic outlet syndrome can either be

transaxillary or supraclavicular. The choice of approach is
dependent on what structure is predominantly implicated in
the compression. For example, accessory rib excision, and
the more extensive scalenectomy advised for upper brachial
plexus compression, require a supraclavicular incision.
Lower brachial plexus compression and vascular compres-
sion are satisfactorily released by an excision of the middle
portion of the first rib and the release of the scalene attach-
ments to it. This is most commonly undertaken from an axil-
lary approach. However, if arterial reconstruction —
necessitated by a stenosis or aneurysm — is anticipated a
supraclavicular approach will provide superior vascular
access. Details of the surgery of thoracic outlet syndrome are
available in specialist vascular textbooks,' but the two
standard operations are summarized below.

THE AXILLARY APPROACH

The patient is anaesthetized and stabilized in a lateral posi-
tion with the arm abducted and supported. A transverse inci-
sion is made in the axilla, overlying the third rib. An axillary
tunnel is developed up to the first rib on the surface of serra-
tus anterior. Intercostal brachial nerves will usually have to
be sacrificed. The dissection is then over the first rib, taking
great care not to damage the subclavian artery, the subcla-
vian vein and the brachial plexus (Fig. 6.23). The vessels are
gently separated from the rib, and from scalenus anterior,
which is then divided. The distal portion of the muscle
should be excised, because if it is simply released adhesions
from the cut end can cause recurrent symptoms. Scalenus
medius and the tendon of subclavius can also be divided for
additional release. The rib is then divided posteriorly, behind
the T1 and C8 nerves which must be identified and pro-
tected, and finally anteriorly near the costochondral junc-
tion, while the subclavian vein is gently held out of the way.

THE SUPRACLAVICULAR APPROACH

An incision above the medial half of the clavicle is deepened
through platysma, and the subclavian artery exposed as

Subclavia Subclavian vein

artery

Scalenus

medius Clavicle

Scalenus Subclavius

anterior

Figure 6.23 The view of the first rib, and the subclavian artery and
vein from the axillary approach.
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described in Chapter 5 and illustrated in Figure 5.20, page 90.
The phrenic nerve on the surface of scalenus anterior is iden-
tified and held in a sling while the underlying muscle is sepa-
rated from its attachment onto the first rib and excised.
Scalenus medius is also excised. The central portion of the
first rib can also be excised from a supraclavicular approach,
but access is more limited and this can be technically more
challenging than via the trans-axillary approach. When an
accessory rib is present it is usually surrounded by scalenus
medius with tendinous attachments both to it and to the first
rib. The rib is cleared of muscular attachments, disarticu-
lated anteriorly and divided posteriorly level with the trans-
verse process. Great care is necessary to avoid damage to the
T1 nerve root during this manoeuvre.

CAROTID ARTERY SURGERY

Carotid artery stenosis

One area of vascular surgery which has been examined
extensively by randomized controlled trials is the manage-
ment of carotid artery stenosis. Since the late 1980s a series of
reports have provided vascular surgeons with help and guid-
ance about patient selection for carotid endarterectomy.'*"
In summary, carotid endarterectomy is indicated for symp-
tomatic carotid territory embolic disease if the degree of
stenosis is >70 per cent and the vessel remains patent.
Evidence also suggests that patients with asymptomatic
lesions, but with a similar degree of stenosis, may benefit
from carotid endarterectomy.'®'” Furthermore, there is now
CT evidence of carotid territory infarcts which indicate that
patients may be experiencing subclinical embolic episodes.
However, the number of patients to be treated to prevent one
stroke is much greater, and the place of asymptomatic
carotid surgery continues to be debated. Carotid endarterec-
tomy is one operation in which quality control is paramount.
Some centres have published impressively low perioperative
stroke rates, but each practising surgeon must be able to
quote to patients a personal stroke rate. Furthermore, a vas-
cular surgeon must always remember that both arms of the
major trials included best medical therapy in the form of
anti-platelet therapy, lipid profile therapy and optimal blood
pressure control. Best medical therapy itself continues to
evolve; most recently with evidence of benefit from the rou-
tine use of ACE inhibition,'® and it may be that data collected
fifteen years ago will need reappraisal or even repeating in
due course.

The major controversies surrounding carotid endarterec-
tomy are the use of shunts, the use of patches, and the type
of anaesthesia administered. More recently, it has become
clear that angioplasty and stenting of carotid lesions are both
feasible and safe. Debate is now focused on which proce-
dure — endovascular or operative — is safer and more
durable.

Shunts

The placement of a shunt during carotid endarterectomy is
routine in some centres, but is used on a selective basis in
others (Fig. 6.24). Several methods exist of estimating cere-
bral perfusion during the period that the internal carotid has
to be occluded. These include transcranial Doppler and
internal carotid artery stump pressures. However, none has
given a completely reliable measure of adequate oxygena-
tion. Although a shunt should improve cerebral perfusion
during this period, shunt insertion itself carries some risk of
vessel dissection, and even with a shunt in place there is an
argument that estimations of cerebral perfusion are still nec-
essary to ensure that the shunt is working.

External
carotid
artery

Figure 6.24 A shunt as used in a carotid endarterectomy.

Anaesthesia

Many surgeons perform carotid endarterectomy under
regional anaesthesia, using both superficial infiltration and a
deep cervical plexus block. This has the advantage of allow-
ing selective shunting of patients based upon deteriorating
neurological status following the application of a clamp. The
patient’s motor and sensory functions can be assessed objec-
tively, and the higher functions can be gauged by simple con-
versation. It may be that these patients benefit from the
avoidance of general anaesthesia in other ways, in the form of
quicker postoperative recovery, reduced rates of cardiovas-
cular complications and a less labile blood pressure profile in
the recovery period. These outcome measures are currently
under investigation by randomized controlled trials of gen-
eral versus local anaesthesia (GALA trial).

Patches

The use of patches by surgeons also varies. Some never patch,
others patch selectively, and some always patch. There is a
view that every artery will be narrowed by primary closure
and that a patch is required no matter how skilful the
surgeons may consider themselves to be. Others take the
view that if the disease is adequately cleared and the internal
carotid artery is >6 mm in diameter, then a primary closure
is acceptable. The restenosis rate is higher in female patients,
and therefore the threshold for the use of a patch is lower.
Many surgeons who are selective with male patients will
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routinely use a patch on female patients. The material used
for patching is also subject to discussion. A prosthetic patch
(either Dacron or e-PTFE) has the advantage of being avail-
able ‘off the shelf and does not require harvesting but it
occasionally becomes infected. Vein needs to be harvested —
either the LSV from the groin or the external jugular vein
from the neck — and this is a possible problem if the proce-
dure is being carried out under local anaesthesia. Although
the potential complication of a prosthetic graft infection has
been avoided, the vein patch is occasionally subject to
rupture or aneurysmal change.

Operative procedure

A description of the exposure of the carotid arteries is given
in Chapter 5 and illustrated in Figure 5.19. In summary, the
sternocleidomastoid muscle is retracted laterally to reveal the
internal jugular vein. This is then mobilized and the com-
mon facial vein and other tributaries to it are divided. The
carotid arteries lie beneath the vein. The common carotid
artery is exposed first. Note the vulnerable position of the
vagus nerve shown on the illustration for carotid body
tumours (Fig. 6.25). The recurrent laryngeal nerve is in dou-
ble jeopardy from clamping on both its downward and
return journeys. This is the cranial nerve most frequently
damaged during carotid endarterectomy. The external
carotid is the next vessel to be exposed and slung, followed by
the superior thyroid artery. The internal carotid artery can
then be exposed and slung. Note the position of the
hypoglossal nerve. This cranial nerve can be mobilized if nec-
essary by dividing the occipital branch of the external carotid
that prevents the hypoglossal from being pushed up out of
the way. The common and internal carotid arteries require
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adequate exposure to allow a shunt to be placed easily and
quickly if necessary. It is also important to expose the inter-
nal carotid to a sufficiently distal level to enable a clamp to be
placed above the disease. The upper limit of the disease is
often visible from the outside of the artery. The patient
should now receive 5000 IU of unfractionated heparin and
the clamps can then be applied — internal carotid artery first,
then common and external.

The common carotid artery is opened with a longitudinal
arteriotomy. The incision is extended up into the internal
carotid artery, and should extend both proximal and distal to
the atheromatous plaque. If a shunt is to be used it is inserted
at this stage. The endarterectomy plane is then entered. This
is easiest to identify at the proximal end of the arteriotomy,
and gentle outward traction on the artery wall using forceps
can be helpful in providing the initial separation in the cor-
rect plane. The dissection in this plane is continued up into
the internal carotid artery. The plaque normally thins distally
and can be followed to its end, avoiding an intimal step in the
internal carotid artery at the limit of the dissection. If how-
ever an intimal step is unavoidable it should be secured with
fine Prolene sutures to prevent dissection. Closure is either
with or without a patch, as discussed above.

Carotid body tumour (chemodectoma)

The carotid body usually lies on the posterior aspect of the
bifurcation of the common carotid artery. The chemodec-
toma, which arises within it, is therefore closely applied to
the carotid bifurcation. Although frank malignancy and
metastases are uncommon, the histological appearance does

Internal carotid Ligated external

carotid

c

Figure 6.25 Carotid body tumour. (a) Tapes have been placed around the common, internal and external carotid arteries, and around
the vagus and hypoglossal nerves. (b) The tumour is dissected off the vessels in the sub-adventitial plane. (c) When the arteries have to
be excised with the tumour, the external carotid is ligated but a graft is interposed between the common and internal carotid arteries.
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not predict either local invasion or metastatic potential. As
the tumour can become progressively more difficult to sepa-
rate from the carotid arteries as it enlarges, early excision is
usually recommended. Clinical diagnosis depends first on
clinical suspicion, and many are thought initially to repre-
sent a malignant lymph node as they are very firm on palpa-
tion. Further investigations include CT, MRI and
angiography.

OPERATIVE PROCEDURE

The approach to the carotid bifurcation is similar to that for
a carotid endarterectomy, and is described in more detail
above and in Chapter 5. For large tumours an oblique verti-
cal incision at the anterior border of sternocleidomastoid
will provide more extensive access than a skin crease inci-
sion. The hypoglossal nerve is separated from the tumour
and held in a sling. A sling is passed around the common
carotid artery, and if it is possible further slings are placed
around the distal internal carotid and external carotid arter-
ies, before dissection is commenced. Dissection at the outer
boundaries of the tumour allows the isolation, ligation and
division of large thin-walled tumour vessels, and increased
mobility of the tumour is achieved. Rotation forwards of the
tumour enables the vagus to be identified and separated
from the tumour. It is then also held in a sling (Fig. 6.25a).

The tumour is then dissected off the carotid arteries. In
most cases there is a subadventitial plane of cleavage which
can be followed (Fig. 6.25b). The arterial wall is left otherwise
intact, and aneurysmal dilation is not a complication. When
the tumour is circumferential it may have to be transected
until the correct plane is reached. However, in some tumours
this subadventitial plane cannot be followed, and a segment
of the carotid arteries must be resected with the tumour. A
carotid reconstruction is then performed with a vein graft
anastomosed to the common carotid below the tumour and
to the internal carotid above it. The external carotid is simply
ligated and divided (Fig. 6.25c). During the resection and
reconstruction a temporary shunt is usually established to
maintain inflow into the internal carotid artery and safe-
guard cerebral perfusion.

VASCULAR ACCESS SURGERY

Venous access

Peripheral venous access is almost universally established
percutaneously, but a ‘cut-down’ procedure, as described in
Appendix I, is sometimes necessary. Central venous
catheter insertion is now nearly always possible percuta-
neously via an internal jugular or subclavian route as
described in Appendix 1. Tunnelled central lines are now
routinely established by similar manoeuvres for a range of
clinical indications (see Fig. 11.5, page 195). Central venous
lines can also be inserted through the cephalic or external

jugular vein, by a cut-down technique, and then threaded
proximally. This is a method that is now seldom employed.
The cephalic vein is exposed in the deltopectoral groove. It
joins the axillary vein after piercing the clavipectoral fascia.
The external jugular vein can be exposed by an oblique
incision lateral to the lateral edge of the sternocleidomas-
toid, 2 cm above the clavicle. A cannula can be directed
through it into the internal jugular vein.

The internal jugular can also be cannulated directly using
an open surgical approach. It lies immediately deep to the
lower third of the sternocleidomastoid muscle, and can be
approached via a small transverse incision at the lateral bor-
der of the muscle, which is then retracted medially. The dan-
ger of air embolism must be remembered when the vein is
entered.

Arteriovenous fistulae

There is little doubt that an adequately functioning arte-
riovenous fistula remains the preferred access for haemodialy-
sis. The majority of patients in the UK requiring long-term
haemodialysis do so on a background of chronic renal failure
associated with the complications of metabolic, cardiovascular
or autoimmune disease processes. The need for access can
therefore often be predicted for many months before dialysis is
indicated. A permanent indwelling central catheter or an
external shunt are alternative methods of access, but these
have significant disadvantages — most notably sepsis and cen-
tral vein thrombosis. The widespread use of central catheters
often reflects the difficulties encountered by nephrologists
when seeking to arrange a functioning arteriovenous fistula
before a patient actually needs renal replacement therapy.

The rules for arteriovenous fistula formation are simple.
Prosthetic material should be avoided as much as is possible.
A patient’s first fistula should be as distal as possible; some
surgeons will perform an anatomical snuffbox fistula, but
others start at the radial artery. The non-dominant arm is
preferable as this makes home dialysis easier, and also allows
the patient more freedom during dialysis. A distal fistula that
fails to mature is not necessarily a disaster as the more prox-
imal veins have often enlarged and thickened, and this
increases the chances of success at a higher level.

As always, careful patient assessment and choice of proce-
dure are the keys to success. Palpate a donor artery carefully,
not only for a good volume pulse but also for evidence of cal-
cification. Many patients will have occlusive arterial disease,
and this may affect the upper limb — especially if the patient
has diabetes. The potential recipient veins — particularly the
cephalic vein at the wrist — may have been damaged over the
years by phlebotomy, or the placement of venous cannulae.
Assessing the vein with a tourniquet is helpful, but some-
times the use of duplex imaging is required to confirm that a
vein is patent and in continuity. Similarly, a patient in whom
a central catheter has been used for a prolonged period may
have a central venous stenosis or occlusion. Suspicion of this
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needs investigation as it will ultimately lead to failure of the
arteriovenous fistula.

The procedure can be performed under local anaesthesia
or, preferably, a regional block. At the wrist level, a longitu-
dinal incision — placed halfway between the radial artery and
distal cephalic vein — will allow both vessels to be mobilized.
The choice is then made, according to surgical preference,
between a side-to-side and an end-to-side anastomosis. To
fashion a side-to-side Cimino fistula, a parallel longitudinal
arteriotomy and venotomy are made, and the vessels sutured
side-by-side with a continuous 6/0 monofilament, non-
absorbable suture. A similar procedure can be performed at
the elbow level.

Alternative techniques, in the face of unsuitable, absent or
damaged superficial veins, involve the harvesting of a segment
of LSV and placing this subcutaneously in the upper arm, con-
necting the distal brachial artery to a proximal segment of the
brachial vein (Fig. 6.26). A variation of this procedure that
spares the LSV is mobilization of the brachial vein, discon-
necting it proximally, rerouting it through a subcutaneous
tunnel, and then anastamosing it to the distal brachial artery.
Finally, a loop of e-PTFE can be used between two vessels.

Once all sites of upper limb bypass have been used,
explored or discounted, the lower limb can be considered.
The options here include forming a loop on the anterior
thigh from mobilized LSV or e-PTFE. If more urgent access
is required — for example in a patient with central venous
occlusion requiring dialysis — consider the Scribner shunt,
which does not have to await maturity before it can be used.
The Scribner shunt is the original arteriovenous “fistula’, and
has several disadvantages compared with the techniques
described above. Infection can track in at the exit site of the
shunt, and skin erosion over the subcutaneous tubing can
occur. It does, however, occasionally still play a role. Teflon
pipes are inserted into an adjacent artery and vein, at one of
a variety of sites including the ankle or the wrist. The pipes
are then connected externally, and this connection is broken
to attach to dialysis.

L.S.V. graftin
subcutaneous fat of arm

Brachial vein

Brachial artery at elbow Brachial artery

Figure 6.26 Subcutaneous long saphenous vein (LSV) can be used
for an arteriovenous fistula in the arm. Alternatively, the brachial
vein can be mobilized, tunnelled subcutaneously, and then sutured
to the brachial artery.

SURGERY OF CHRONIC VENOUS
INSUFFICIENCY

The management of patients with chronic venous insuffi-
ciency starts with a full venous assessment. This assessment is
a large and important subject, and cannot be covered com-
pletely in an operative text. As discussed in Chapter 5, the
majority of patients with signs and symptoms of chronic
venous insufficiency have reflux from their deep into their
superficial veins. In some patients this is the sole cause of
their venous hypertension, and in others it is a significant
factor. Many of these patients will therefore benefit from
varicose vein surgery, and the standard operations are
described in Chapter 5.

However, in 20 per cent of patients with chronic venous
insufficiency the pathology is confined to the deep veins,
while in a further 40 per cent deep venous pathology is a con-
tributory factor. These patients may be very symptomatic
with a swollen heavy leg and incipient, or established, venous
ulceration. Investigations will usually confirm either deep
venous incompetence or obliteration of the deep veins.
Previous deep venous thrombosis is the commonest under-
lying pathology. Management is in general non-operative,
and concentrates on measures to improve venous return
such as elevation of the limb when at rest, and support
stockings.

VARICOSE ULCERS

Those patients who develop varicose ulceration may require
surgery to the ulcer itself, but the mainstay of management
starts with a vascular assessment, in which it is particularly
important to exclude any arterial component to the ulcera-
tion. If reflux into superficial veins is a contributing factor to
the venous hypertension, then varicose vein surgery should
be considered. Occasionally, reconstructive surgery to deep
veins — as discussed below — may be appropriate. However,
successful treatment is most frequently that of non-operative
measures to improve venous return. When this has restored
healthy granulation tissue to the base of a large ulcer but re-
epithelialization from the edges is slow, a split skin graft (as
described in Chapter 1) can speed the final healing. In
patients with severe liposclerosis surrounding an ulcer, con-
servative measures may fail even to produce a healthy granu-
lating base. In these patients it may be better to excise the
whole area and place a skin graft directly onto the deep fascia.
This approach is also indicated for those patients who
develop a squamous carcinoma within a long-standing
varicose ulcer.

Venous reconstruction

Operations to restore competence to the valves of deep veins
have been attempted but have not been widely adopted as the
results are often disappointing. Similarly, venous bypasses
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have not been particularly successful. The comparatively
sluggish flow in veins and the propensity for thrombosis at
least partly explains the disappointing results of reconstruc-
tive venous surgery when compared with arterial reconstruc-
tion. In addition, many patients with chronic venous
insufficiency are thrombophilic.

VALVE REPAIR

This can be attempted in primary valvular incompetence,
but not when incompetence is secondary to valves damaged
by a previous deep venous thrombosis. It is most commonly
attempted on a valve in the common femoral or popliteal
vein. The vein is exposed and the valve identified. The
anatomy of the insertion of the cusps is important, as the
vein must be opened longitudinally exactly at the cusp inser-
tion to prevent any iatrogenic damage to the cusps. The
internal anatomy can usually be visualized by emptying the
vein of blood, clamping it, and then filling it with
heparinized saline. Fine Prolene sutures with the knots tied
on the outside are then used to take the tucks (Fig. 6.27).

VENOCUFF

This technique has the advantage of simplicity but, again, it
is only suitable for primary incompetence. A Dacron cuff is
sewn around the vein to support it and reduce its diameter at
the level of the incompetent valve. The decrease in vein
diameter restores competence to the valve.

VEIN TRANSPOSITION

An isolated segment of brachial vein, with its intact valves,
has been used as a replacement bypass graft for a segment of
lower limb vein in which the valves have been destroyed by
thrombosis.

SAPHENOUS CROSSOVER GRAFT (PALMA PROCEDURE)

This operation can restore venous drainage when there is a
unilateral iliac vein occlusion. Although only a minority of
patients with chronic venous insufficiency have isolated
occlusion at this level, they usually have particularly severe
symptoms and wish to consider surgery. The LSV on the

Figure 6.27  Repair of a venous valve. (a) The vein is opened
longitudinally exactly at the attachments of the valve cusps. (b) The
first suture to plicate the valve is already tied, and the second is
being inserted. (c) The final suture is inserted.

affected side is used as the bypass, and is isolated from groin
to knee. It is divided distally, but the sapheno-femoral junc-
tion is left intact. In addition the tributaries around the junc-
tion are preserved to maintain the normal alignment of the
vein and prevent kinking. The valves must be destroyed
within the vein as blood flow will be in the reverse direction.
The femoral vein on the opposite limb is exposed in readi-
ness to receive the vein graft. A suprapubic subcutaneous
tunnel is created and a small sterile sigmoidoscope is inserted
along it, through which the vein graft can be passed. An end-
to-side anastomosis is then performed (Fig. 6.28).

lliac venous occlusion

Left femoral vein
+ left LSV

Right femoral vein
+ left LSV anastomosed

Figure 6.28 A Palma crossover vein graft for an occluded left
common iliac vein. The left long saphenous vein (LSV) has been
brought across for an end-to-side anastomosis onto the right
femoral vein.

Temporary arteriovenous fistula

This addition to the procedure described above is favoured
by some surgeons. The rationale for the approach is to
increase flow through the graft in the early postoperative
period when the danger of thrombosis and graft occlusion is
highest. Once this period is over, the arteriovenous fistula is
closed by interventional radiology. A separate vein or pros-
thetic graft can be used to create the arteriovenous fistula or
the end of the LSV used, as illustrated in Figure 6.29.

Saphenous vein graft

Femoral vein

Femoral artery

Figure 6.29 An arteriovenous fistula has been created by
anastomosing the vein graft onto both the common femoral vein
and artery.
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LYMPHOEDEMA SURGERY

Lymphoedema may be either primary or secondary.
Secondary causes include local obliteration of lymphatic
channels by tumour, surgical excision and radiotherapy.
These are the main forms encountered in the Western world,
and most patients will present early so that preventative
measures can be instituted before the swelling is far
advanced. Over 90 per cent of patients with lymphoedema
can be managed by conservative means. Compression gar-
ments and intermittent pneumatic compression devices can
limit the swelling of the limb and will also contribute to pre-
venting any deterioration in the skin. These patients are
prone to streptococcal cellulitis, which causes further deteri-
oration. Any infection must be promptly and aggressively
treated.

A great many surgical options have been developed in
attempts to restore lymphatic drainage. They may be appli-
cable in lymphoedema secondary to a local obstruction, and
they have also been used for the forms of primary lym-
phoedema where an obstructive rather than an obliterative
pattern prevails. A large number of procedures have been
devised, but most have been disappointing. All are based on
the principle of providing an alternative route for the
drainage of lymph:

e Thompson procedure (buried dermal flap). A full-length
calf incision is made and the subcutaneous tissue is
debulked. A long skin flap from one side of the incision
is de-epithelialized and buried into the deep muscle
compartment.

e Omental transposition. Omentum is mobilized and
brought into the subcutaneous tissue of the affected
limb. This procedure was generally abandoned as it was
of doubtful benefit and postoperative complications
were frequent.

e Enteromesenteric bridge. An isolated loop of ileum, which
has been denuded of mucosa, is brought into the
affected limb instead of omentum.

e Lymphatico-venous anastomoses. Early attempts at this
consisted of anastomosing a transected lymph node to a
vein. More recently, success has been claimed with direct
lymphovenous anastomoses between dilated lymphatic
channels and small veins using microsurgical
techniques."

Surgeons practising in the developing world are more likely
to encounter patients who present late with advanced
swelling of a limb and skin changes. In addition, in areas
where filariasis is common this will be the prevalent underly-
ing pathology. Filariasis causes mainly obstruction at the
level of the lymph nodes, but damage is more diffuse than in
other forms of secondary lymphoedema and there is also
lymphatic reflux.

Excisional surgery to reduce the size of the limb may be
the most appropriate initial treatment.

o Charles procedure. Skin and subcutaneous tissue are
excised circumferentially from knee to ankle. Excision is
either down to, or includes, the deep fascia. The
underlying surface is then skin grafted. Good results can
be obtained, but the grafted skin may be unstable and is
liable to ulceration.

® Homan’s procedure. The original operation has been
serially modified and is now usually performed as a
staged procedure. A longitudinal strip of skin, and a
larger volume of lymph-laden subcutaneous tissue, is
excised and the wound closed. Significant reduction in
limb girth can be achieved by repeated surgery, without
the skin complications associated with the Charles
procedure. In some very advanced cases however a
Homan’s procedure may no longer be technically
feasible.
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INTRODUCTION

Every general surgeon should have the ability to open the
chest of a patient in an emergency. Surgeons working in hos-
pitals without cardiothoracic units, may have to perform an
emergency thoracotomy for trauma in a patient who is too
severely injured to allow stabilization for transfer to a spe-
cialist unit. In addition, the upper gastrointestinal surgeon
may require more extensive access to the intrathoracic
oesophagus than can be achieved trans-hiatally, while the
vascular surgeon may require access to the intrathoracic
aorta and its branches. However, in the elective situation,
subspecialization has resulted in much of the intrathoracic
oesophageal and vascular surgery being transferred to terti-
ary referral centres.

Truly isolated general surgeons who are unable to transfer
either elective or emergency cardiothoracic cases are unfor-
tunately unlikely to have the necessary anaesthetic, or inten-
sive care, facilities available to justify embarking on major
intrathoracic surgical procedures. However, they may have
to deal with other problems that are now rarely encountered
in the developed world, and for which simpler surgical solu-
tions are still appropriate.

The importance of a team approach to cardiothoracic
intervention cannot be over-emphasized. This is routine in
specialized units, but the diagnostic and interventional skills
within the armamentarium of the cardiologist, chest physi-
cian, radiologist, anaesthetist and intensivist must also be
remembered by the general surgeon when faced unexpect-
edly with a cardiothoracic challenge.

The success of all but the most minor cardiothoracic sur-
gery is linked to the perioperative anaesthetic support avail-
able. The physiological changes associated with opening the
chest require skilled anaesthesia. Once a hemithorax is open
in a patient who is breathing spontaneously, the lung on that
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side collapses, while adequate spontaneous ventilation of the
remaining lung is also severely compromised. Any inspiratory
effort that can be achieved is wasted on moving the medi-
astinum further towards the uninjured side, and drawing air
backwards and forwards from the other lung. A cuffed endo-
tracheal tube and positive-pressure ventilation under the
control of the anaesthetist overcomes these mechanical prob-
lems, but the lung in the opened hemithorax will inflate and
obscure the operative field. A lung retractor can be used to
hold the lung partially deflated and out of the way. The lower-
lying ‘good’ lung, however, remains vulnerable with this tech-
nique during a thoracotomy. Without the protection of
double cuffs, blood or other material from the operation field
may trickle across the carina down into the uninjured lung. A
double-lumen tube (Fig. 7.1) which allows separate ventila-
tion of either lung will solve both problems, but its accurate
insertion requires anaesthetic skill that may not be available.
Whichever method is employed, there will be some blood
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Figure 7.1  Double-lumen endotracheal tubes serve a dual role. In
addition to allowing separate ventilation of either lung, the double

cuffs protect the good lung from overspill across the carina from the
other lung.
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which passes through the non-aerated lung and will not be
oxygenated. This creates a temporary functional right to left
shunt and a depressed arterial oxygen saturation. The shunt,
however, is short-lived and seldom a major obstacle because,
as the lung collapses or is retracted, the blood flow through it
diminishes by hypoxic autoregulation.

If the chambers of the heart, ascending aorta or pul-
monary trunk are injured, or have to be opened, circulatory
arrest will greatly diminish the blood loss. Snares are placed
around the superior vena cava (SVC) and inferior vena cava
(IVC) to occlude inflow and produce circulatory arrest.
Unfortunately, unless a surgeon is familiar with operating in
the chest, placing a snare around the SVC in the face of a
crisis may be an insurmountable obstacle. A further
challenge in an emergency is that, whereas a circulatory
arrest can be safe for a minute or so in the well-perfused
patient with a high oxygen saturation, it can be the last straw
for a hypovolaemic and desaturated patient.

As even in optimal circumstances, circulatory arrest can be
undertaken for such a short time, only very limited intracar-
diac surgery is possible with this manoeuvre alone. In addi-
tion, surgery on the heart and great vessels may require the
heart to be kept still for fine work to be undertaken safely.
Specialized techniques which include hypothermia to extend
the time of safe circulatory arrest, arrest of the heart, in addi-
tion to extracorporeal circuits which maintain perfusion
during the operation, have greatly expanded the scope of car-
diac surgery. However, as they are not options for the general
surgeon, they are not described further.

In elective and emergency surgery on the intrathoracic
aorta, even if the proximal clamp can be placed so that cere-
bral perfusion is maintained, the spinal cord and kidneys will
be ischaemic. The haemodynamic effects of occluding the
major part of the cardiac outflow in a beating heart is
another relevant consideration. Limited shunts to maintain
perfusion to vital organs may occasionally have a place, but
are seldom a practical solution in an emergency outside a
cardiothoracic unit.

General surgeons are therefore restricted in what they can
realistically offer within the thorax with limited facilities.
Those surgeons who have least access to specialist cardiotho-
racic help are unfortunately often also those with the least
facilities in their own hospital.

SURGERY OF THE PLEURAL SPACE AND
CHEST WALL

Collections of fluid, air, pus or blood within the pleural space
displace the lung and reduce its functional capacity.
Collections of air, and less commonly blood, may be under
tension, and the mediastinum will be displaced towards the
opposite side. This has two further adverse, mechanical car-
diorespiratory effects. The displacement and kinking of the
IVC and SVC obstruct the venous return, with reduced car-

diac filling and a resultant drop in cardiac output. In addi-
tion, the displaced mediastinum reduces the functional
capacity of the contralateral lung.

Thus, the collection must be drained, the urgency
depending on whether the collection is under pressure.

ASPIRATION

This is a simple technique that is suitable for the drainage of
a serous pleural effusion. With the patient sitting, an appro-
priate posterolateral site is chosen. It should be remembered
that the hemidiaphragm on the side of an effusion may be
elevated and that, in the presence of inflammation, the two
layers of pleura in the costo-diaphragmatic recess are often
adherent. If too low a site for aspiration is chosen it is easy to
enter the abdomen and damage the liver or spleen (Fig. 7.2).
Local anaesthesia is infiltrated down to the level of the pari-
etal pleura. An aspiration needle, connected to a syringe by a
two-way tap, is introduced close to the superior border of a
rib to avoid damage to the neurovascular bundle (Fig. 7.3).
The two-way tap permits aspiration into, and emptying of,
the syringe without disconnection of the needle. Simple aspi-
ration is insufficient for the drainage of blood or thick pus.

Figure 7.2 A basal pleural effusion is often associated with an
elevated hemi-diaphragm and fused peritoneum in the costo-
diaphragmatic recess. If too low a site is chosen for aspiration the
abdomen is entered inadvertently.

Figure 7.3  The intercostal neurovascular bundle is partially
overhung by the rib above. Damage should not occur during the
insertion of an intercostal drain placed immediately above a rib.
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Air is easily aspirated through a needle, but this may not
be appropriate. In a small simple pneumothorax, observa-
tion alone may be sufficient, while in a more major pneu-
mothorax a chest drain is more effective, and safer.! Release
of a tension pneumothorax with a large-bore needle can,
however, be a temporary life-saving manoeuvre. In an emer-
gency, although it is reccommended that the needle is intro-
duced through the second intercostal space in the
midclavicular line, the proximity of the superior mediastinal
vessels must be remembered, and the alternative site in the
‘safe triangle’ (see below) has advantages. Air escapes when
under pressure until there is no longer any tension, the medi-
astinum returns to the midline, and the other lung can
inflate. A tension pneumothorax has been converted to a
simple pneumothorax and a chest drain is then inserted with
the patient no longer in severe respiratory distress.

CHEST DRAIN INSERTION

This is the standard treatment for a pneumothorax or a
haemothorax, and an intercostal drain may be required with
some urgency following thoracic trauma. Positive-pressure
ventilation can convert a small undetected simple pneu-
mothorax into a tension pneumothorax. This should be
remembered in any patient with multiple injuries who
requires a general anaesthetic, or ventilation, as part of the
management of their other injuries. Prophylactic chest drain
insertion before induction of anaesthesia should therefore
always be considered, even after apparently insignificant
chest trauma. A chest drain is also usually indicated at the
end of an operation in which the pleural space has been
entered, to drain any postoperative collection of blood, or
leak of air. In these circumstances a chest drain is inserted in
a supine patient. The ‘safe triangle’, recommended for inser-
tion of a drain, is bounded by the mid-axillary line posteri-
orly, the lateral border of pectoralis superiorly, and inferiorly
by a line projected from the 5th intercostal space anteriorly.
In an elective setting a chest drain can be inserted with the
patient sitting, with the arm held across to the opposite
shoulder. The drain can then be sited lower, and more poste-
riorly, if this is felt to be beneficial in, for example, the
drainage of basal pus. A posterior drain, however, may cause
problems if the patient then lies on the skin exit wound. It is
often possible to position the internal portion of the drain
posteriorly but still bring the skin exit round towards the mid
axillary line.

Local infiltrative anaesthesia is satisfactory. Trochar tech-
niques for the insertion of a drain are inherently dangerous.
The sudden loss of resistance as the parietal pleura is entered
allows the momentum to carry the trochar point into the
substance of the underlying lung, and potentially even into
hilar structures. In the safer open technique, a small incision
is made through the skin and intercostal muscles immedi-
ately above a rib and the incision is carried through the pari-
etal pleura. The intercostal vessels lie immediately under
each rib and, by inserting a drain immediately above a rib,

damage to the vessels can usually be avoided (Fig. 7.3). When
the parietal pleura is breached the lung collapses away from
the chest wall and a finger is inserted into the pleural space to
check for, and release, any adherent lung. The chest drain
can then be introduced safely into the pleural space. It can be
angled up towards the apex for a pneumothorax, or down to
the lung base for a haemothorax.

The chest drain must be securely held in place with a suture,
which will also prevent any air leakage around the tube. A fur-
ther untied suture can be inserted at this stage and will be tied
as the drain is removed to prevent air entry through the track
(Fig. 7.4). Underwater drainage is established immediately
after the drain is in the pleural cavity (Fig. 7.5). Air is expelled
with each breath, and bubbles through the water. No air can

Figure 7.4 The chest drain is securely held in place by a skin
suture which is also snugging the skin around the drain. It can be cut
so as to release the drain but so that it still holds the skin in
apposition. An additional untied mattress suture is in position. This
will be tied as the drain is withdrawn to prevent air entry into the
pleura along the drain track. Purse-string sutures are no longer
recommended.

15cm
suction

Figure 7.5 Under-water seal drainage, with or without suction, is
a simple well-tried system of chest drainage.
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be drawn back into the pleural space, and there is no danger of
the fluid in the bottle being drawn back if the bottle remains
below chest level. Low-pressure suction can be added for more
efficient drainage. The indications for chest drainage, and the
management of chest drains, is covered in more detail in the
British Thoracic Society Guidelines.”

Surgery for empyema

An empyema is treated with the appropriate antibiotics plus
adequate drainage. Drainage can be more effective if the skill
of a radiologist is harnessed, and drains are placed accurately
into localized collections using image-guided techniques.
Often, neither repeated aspiration nor continuous drainage
with a chest drain are sufficient if the pus is thick, and a
chronic empyema forms. Early referral of a patient with this
type of empyema to a thoracic surgeon is important to secure
optimum treatment, with good re-expansion of the underly-
ing lung and a satisfactory functional recovery. This may
require decortication of the abscess cavity after any active
sepsis has been controlled. Alternatively, some form of open
drainage may be necessary.

DECORTICATION

Decortication involves the excision, at thoracotomy, of the
thickened visceral and parietal pleura which form the walls of
the abscess. Chronic empyemas, whether secondary to an
untreated pneumonia or a tuberculous infection, will be
encountered relatively frequently in areas where health
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resources are limited. Surgeons practising in these areas,
however, are unlikely to have the anaesthetic facilities for a
safe major thoracotomy. Decortication is never an urgent
operation and ideally it should not be performed outside a
thoracic unit; thus, patient transfer is indicated. For the iso-
lated surgeon without the possibility of specialist referral, an
open drainage procedure will be a safer alternative.

OPEN DRAINAGE

These are safe procedures for chronic empyemas with a thick
cortex. The lung is adherent to the parietal pleura, and will
not collapse when a limited thoracotomy into the abscess
alone is performed. In the absence of skilled anaesthesia and
the facilities for a major thoracotomy, they are a safer option
than a decortication. Intra-pulmonary pus can also be
drained in the same manner if the inflammation has
extended out to the pleura with resultant pleural adhesions
preventing lung collapse.

Drainage with rib resection is performed when more con-
servative management has failed, and can be undertaken
under general or local anaesthesia (Fig. 7.6). The classical
descriptions describe a subperiosteal resection of approxi-
mately 5-8 cm of rib, but a smaller incision is now consid-
ered adequate. The deep periosteum and parietal pleura are
then incised to enter the empyema and a drain is inserted.

Thoracostomy is a more permanent skin lined drainage
into the chest. An H-shaped incision, with each limb approx-
imately 8 cm in length, produces two horizontal skin flaps.
Two adjacent ribs, their periosteum and the intervening

Figure 7.6 Drainage with rib resection.

(a) When performed under local anaesthesia,
lignocaine must be injected under the
sensitive periosteum. (b) The periosteum is
incised longitudinally and elevated from the
rib. The deep surface can be stripped of
periosteum with a curved periosteal elevator.
(c) A section of rib is resected. (d) The
posterior periosteum and pleura are incised.
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intercostal muscles, neurovascular bundle and parietal
pleura, are excised to produce a chest wall defect 8 cm
square. The skin flaps are then sutured to the parietal pleura.

MINIMAL ACCESS TECHNIQUES IN THE CHEST

These techniques are valuable for both diagnostic and inter-
ventional purposes, and may avoid the necessity for a thora-
cotomy.

Bronchoscopy

This is currently mainly performed with flexible fibre-optic
instruments which are easier to pass without traumatizing
the airway. A laceration of a main bronchus can be con-
firmed, or a tumour visualized and a biopsy taken for histo-
logical examination. The simplest intervention is the
aspiration of a mucus plug from a main bronchus, though
intensive physiotherapy combined with suction will usually
result in re-expansion of the lung without recourse to this
procedure. Foreign bodies within the bronchial tree can be
removed using a bronchoscope, and palliative tumour
reduction with diathermy or laser destruction can also be
carried out endoscopically. Much of this work is undertaken
by chest physicians and intensivists, whose help should be
recruited by the surgeon when faced with a challenge. For
example, in an emergency the anaesthetist can pass a double-
lumen tube and, while maintaining ventilation of one lung,
the chest physician can pass the flexible bronchoscope
through the endotracheal tube to assess bronchial damage in
the other.

A general surgeon who has to perform a bronchoscopy,
whether to retrieve a foreign body or mucus plug, will almost
certainly have to do this with a rigid bronchoscope. The
lubricated rigid scope should be passed in a patient anaes-
thetized with a general anaesthetic except in critical circum-
stances. The patient is first positioned with the neck only
slightly extended, and the scope is advanced to the cords. The
tip of the scope is passed behind the epiglottis, and used to
lift it forwards to expose the vocal cords. The bronchoscope
is then rotated so that its tip can be passed through the vocal
cords into the trachea. Ventilation through the broncho-
scope should maintain adequate gas exchange. The patient’s
neck must then be fully extended as the scope is advanced
down the trachea (Fig. 7.7).

Mediastinoscopy

This is the visualization of the mediastinum. A telescope is
introduced into the anterior superior mediastinum through
a small transverse incision above the suprasternal notch.
Tissue biopsy samples may also be taken for histological
assessment. Mediastinoscopy is of particular value in the

Figure 7.7  Rigid bronchoscopy.

assessment of a superior mediastinal mass, and in the pre-
treatment lymph node staging of a bronchial malignancy. It
is a procedure which should probably only be performed by
thoracic surgeons. If a general surgeon requires histology of
upper mediastinal nodes a small second interspace incision
(a mediastinotomy) is a safer alternative.

Video-assisted thoracoscopic surgery (VATS)

This procedure is based on the same principles as
laparoscopy, and has followed a similar evolutionary devel-
opment, so that it can now be used for an increasing range of
intrathoracic operations. In its earliest forms, diagnostic
visualization and biopsy of pleural lesions was possible
through a rigid endoscope with a telescope and biopsy chan-
nel. Diathermy was possible if an insulated scope was used,
and the first thoracoscopic cervical sympathectomies were
performed in this way. Much more complex cardiothoracic
surgery can now be undertaken with multiple instrument
ports, and a separate high-quality light source with video
camera. VATS is also increasingly an option for surgery on
the intrathoracic oesophagus.

General anaesthesia and a double-lumen endotracheal
tube are essential. The initial pneumothorax is established
either with a Veres needle, or by an open technique similar to
that for the insertion of a chest drain, and the first port for the
camera is inserted. At the end of an operation, the last port is
kept open until the anaesthetist has reinflated the lung. A
chest drain is not always necessary unless further bleeding is
anticipated, or there is a danger of an air leak from the lung.
Port site closure only requires secure skin closure.

THORACOSCOPIC SYMPATHECTOMY

The indications and extent of sympathetic ablation are dis-
cussed in more detail in Chapter 3. This operation is now
most frequently performed as a VATS procedure using a
two-port technique. The first port is usually placed in the
axilla in the 3rd intercostal space, and is a 10-mm camera
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port. A second 5-mm instrument port is established in the
5th space. The sympathetic chain, with its ganglia, is identi-
fied as a pale pink structure traversing the necks of the ribs. It
is found lying deep to the parietal pleura, which must be
incised to isolate the sympathetic chain. The sympathetic
chain is then lifted and divided with the diathermy hook. On
the right, great care must be taken to avoid injury to the azy-
gos vein. The surgery can be undertaken with a short hospi-
tal stay and low morbidity.’

SURGICAL ACCESS TO THE CHEST

Access for open surgery within the thorax may be anteriorly
through the sternum, laterally between the ribs, or from
below through the diaphragm. There is also limited access
from the neck. In an emergency, most general surgeons will
feel more comfortable with a lateral thoracotomy than a
median sternotomy, unless they have had some exposure to
cardiac surgery during their training.

Median sternotomy

This is the incision which is performed most frequently for
elective cardiac surgery and provides excellent access to the
heart. It may also be the most appropriate incision in an
emergency when damage to the heart or to the great vessels
of the superior mediastinum is suspected. The incision can
be extended up into the neck along the anterior border of
sternocleidomastoid for injuries of the carotid root, or later-
ally above the clavicle for access to an injury to the subclavian
root (see Chapters 5 and 9).

A vertical midline skin incision is made from the
suprasternal notch to the xiphisternum, and deepened down
to bone. The manubrium and sternum are then divided in
line with the skin incision, using an electric oscillating saw
designed specifically for this purpose. If this is not available,
a longitudinal substernal tunnel is made close to bone with
long forceps and a Gigli saw is passed underneath the ster-
num with the aid of a long artery forceps (see Chapter 4).
There is danger of injury to the underlying heart, and it is
also easy to breach the right pleura. Opening the sternum in
repeat surgery is hazardous as the heart may be adherent to
the sternum. It should only be attempted with an oscillating
saw, which cuts through the outer table first, then the inner
table without jeopardising adherent structures beneath the
sternum. Bleeding from the sternal marrow is reduced by the
application of bone wax, and bleeding from the periosteal
edges is controlled with diathermy coagulation.

The sternum should be separated from underlying struc-
tures before attempts are made to separate the edges widely
with a self-retaining retractor. The pleural sacs are swept off
the pericardium, and no entry into either pleural space is
required. The thymus, lying on the pericardium in the supe-
rior mediastinum, is divided in the plane between the lobes,

avoiding the innominate vein superiorly. The pericardium is
then incised vertically.

After surgery within the pericardium, drains should be left
both inside the pericardium and in the anterior medi-
astinum. The two halves of the sternum are then drawn
together. Stainless steel wire sutures can either be introduced
through the sternal bone with a heavy needle, or the
sutures can be placed further laterally through the intercostal
fascia at the lateral sternal edge. The latter are easier to insert,
but there is a danger of injury to the internal mammary
artery.

Postero-lateral thoracotomy

This is the standard approach for elective surgery of the
lung. A right thoracotomy also affords excellent access to
the thoracic oesophagus, and a left lateral thoracotomy to
the descending thoracic aorta. Access to the hilum of a lung
and the mediastinal structures is good, but only on the
respective side. In an emergency it is the incision of choice
for a rapidly collecting unilateral haemothorax. In elective
surgery, the level of the incision may be dependent on the
underlying pathology, but in an emergency the 5th inter-
costal space is the most satisfactory. The patient is posi-
tioned on his or her side with pelvic and upper arm support
to secure stability, and a posterolateral thoracotomy inci-
sion is made (Fig. 7.8). The alternative semi-prone position
affords excellent stability for a posterolateral thoracotomy
in an extreme emergency, but adequate ventilation may be
more difficult.

The incision is made through the skin and latissimus dorsi
in the same line (Fig. 7.9), and should be two finger breadths
below the tip of the scapula. Posteriorly, the skin incision
may turn up to divide the angle between the spine and the
medial edge of the scapula. Anteriorly, it extends into the
submammary fold. It is then deepened through the latis-
simus dorsi, the fibres of which are at about 90 degrees to the
incision. The plane deep to latissimus dorsi is then developed
upwards, under the scapula. The ribs and intercostal muscles
are now exposed, so that it is possible to count the ribs, and
plan the appropriate level for the thoracotomy. The edge of
the second rib is the highest rib which can be felt under the
scapula, and the flat surface of the third is then palpable

Figure 7.8 A patient lying on his side and slightly prone is stable
for an emergency postero-lateral thoracotomy. In the full lateral
position the patient is unstable and must be securely supported and
strapped. In addition, the uppermost arm requires support on an arm
board.
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Serratus anterior
Latissimus dorsi

Trapezius

Figure 7.9 Landmarks for a lateral thoracotomy.

below it. Having identified the chosen space for the thoraco-
tomy, the lower border of serratus anterior is freed by coag-
ulation diathermy from the fascial and fatty plane and
divided as low as is practical to preserve innervation. If more
space is needed the trapezius can be divided.

Entry into the chest may then be through the intercostal
muscles, directly along the upper border of the rib to avoid
damage to the neurovascular bundle, or it can be through the
bed of a rib. The former route is quicker in an emergency. If
the incision is to be through the bed of a rib, the periosteum
is incised along the length of the rib with diathermy, and
stripped off its upper border (Fig. 7.10a). A periosteal eleva-
tor as shown in Figure 7.6(b) can be used for this. Stripping
should be from back to front as the fibres of the intercostal
muscles then keep the dissection on the upper border of the
rib. The pleural cavity is then entered through the posterior
periosteum. Care must be taken to avoid injury to the under-
lying lung, and a moment’s apnoea from the anaesthetist can
be helpful. Rib resection is unnecessary but division of the
costo-transverse ligament posteriorly allows greater mobility
of the superior rib, reducing the risk of fracture when the
self-retaining retractor is introduced.

The pleura is incised, and with a double-lumen tube in
place, the anaesthetist can allow the lung to collapse out of the
operating field. The chest wall edges are protected by large
swabs and a Finochetti, or other self-retaining chest retractor,
is inserted. Rib retraction puts the intercostal neurovascular
bundle on stretch. Prophylactic surgical division of the neu-
rovascular bundle should be performed if tearing appears
likely.

One or two chest drains are commonly placed in the pleu-
ral cavity at the end of surgery before closure, and are
brought out through separate stab incisions. Rib apposition
can be held by four pericostal sutures spaced along the inci-
sion (Fig. 7.10b), followed by a continuous suture approxi-
mating the upper leaf of the divided periosteum to the fascia
over the intercostal muscle in the space below (Fig. 7.10c).
The chest wall muscles are then repaired with absorbable
sutures.

Intercostal vessels and nerves

Figure 7.10 Lateral thoracotomy. (a) The periosteum has been
incised along a rib. The upper leaf of periosteum is elevated from the
lateral surface and upper border of the rib to expose the posterior
periosteum. The posterior periosteum and parietal pleura are then
incised to enter the chest. (b) A pericostal suture passed over a rib
will not damage the intercostal neurovascular bundle. Below a rib it
can cause damage and it is preferable to pass it through the rib
instead. (c) A continuous suture approximating the divided
periosteum to the fascia overlying the intercostal muscles of the
space below completes the closure of the chest wall.

Transaxillary lateral thoracotomy

This is a limited lateral thoracotomy, performed through the
medial wall of the axilla, which affords restricted access to the
apex of the lung. It was a standard approach for a thoracic
sympathectomy but it has now generally been superseded by
VATS.

Antero-lateral thoracotomy

A left anterolateral thoracotomy is often the incision of
choice for emergency access to the heart. Access to the pos-
terolateral aspect of the left ventricle is superior to that
obtained with a median sternotomy but, more importantly,
it is a faster and safer approach, especially in the absence of
the necessary saws. The patient is laid obliquely supine with
the ipsilateral hip and shoulder raised. A left 5th space
antero-lateral thoracotomy can be extended by a transverse
or oblique division of the sternal body to a 5th or 4th inter-
space right antero-lateral thoracotomy if greater access is
required. In this clam-shell thoracotomy both internal mam-
mary arteries must be ligated and divided.
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Thoraco-abdominal incisions

These incisions, which allow simultaneous access to the
upper abdomen and chest, have lost popularity as both
postoperative pain and respiratory complications are com-
mon. In general they can be avoided. A left thoraco-
abdominal incision was routinely used for cancers of the
gastric cardia and lower oesophagus. With the advent of
minimal access techniques and circular stapling devices for
anastomoses, it is now possible to perform both the dissec-
tion of the thoracic oesophagus and the anastomosis by
using a trans-hiatal approach from below. When more
extensive access to the intrathoracic oesophagus is neces-
sary, a separate right thoracotomy incision is employed (see
Chapters 16 and 17). A right thoraco-abdominal incision
was used for liver surgery, but the alternative subcostal
incision provides good access to the mobilized liver, with
less morbidity. The thoraco-abdominal incision is
described in Chapter 12.

Trans-diaphragmatic and trans-hiatal access

Access to the posterior mediastinum from below has the
advantage that it does not necessitate entry into either pleu-
ral space. In addition, postoperatively there is no respiratory
compromise from a painful thoracotomy wound. Trans-
hiatal access to the oesophagus is now the routine approach
for much of the laparoscopic surgery of oesophageal reflux
and hiatus hernia. In surgery for cancer of the cardia and dis-
tal oesophagus, a similar approach for the dissection around
the distal oesophagus can be combined with an open laparo-
tomy (see Chapters 16 and 17). In the presence of a hiatus
hernia access through the stretched hiatus may be ample. A
normal hiatus can be enlarged, if necessary, by a diaphrag-
matic incision which is later closed.

Cervical access

Access into the superior mediastinum from incisions in the
neck is limited. It is, however, usually sufficient to free a
retrosternal goitre and lift it gently up but, occasionally a
median sternotomy is necessary before it can be delivered
safely. The cervical approaches to the roots of the vessels
arising from the aortic arch are described in Chapters 5
and 9.

SURGERY FOR CHEST TRAUMA

The first priority in thoracic trauma is to re-establish the
mechanical requirements for adequate circulation and
blood—gas exchange, but only in a minority of cases is a
thoracotomy necessary. Penetrating injuries, which are
usually stab wounds, can almost always be managed by

pleural drainage and blood replacement. Blunt injuries,
with multiple rib fractures and lung contusion, more
frequently require the addition of mechanical ventilation.
Most general surgeons would hope to be able to transfer
those patients requiring an emergency thoracotomy to a
cardiothoracic unit. However, except in regional centres,
general surgeons will have to manage the initial problems
themselves to make patients fit for transfer. The patients
frequently have other major neurological, abdominal or
limb injuries.

Occasionally, the general surgeon will be faced with a
patient who cannot be stabilized by mechanical ventilation,
drainage of the pleural space and replacement of circulating
volume. Thus, transfer becomes impossible and the only
chance of survival is with an emergency thoracotomy.
Surgeons in such a situation may have skilled anaesthetic
and intensive care facilities, but no access to cardiopul-
monary bypass, and will be operating in difficult conditions
in an area in which they are probably unfamiliar. The confi-
dence of general surgeons to open a patient’s chest in an
emergency will also depend on their experience during
training, but in a stab injury, a thoracotomy on the side of
the injury to control what is usually a chest wall bleed, and
less commonly a simple laceration of the lung, is not an
unduly difficult or hazardous procedure. The spectrum of
injury after penetrating trauma differs from that encoun-
tered after blunt trauma.* In the depth of a stab wound the
surgeon will usually encounter an injury similar to a surgical
incision, and this can be sutured. In blunt trauma, general
surgeons are less likely to find injuries which they can easily
control or repair. The contused injury will not resemble a
surgical incision, and it is seldom amenable to a simple
sutured repair.

Infrequently this emergency surgery must be performed
on an unconscious, un-anaesthetized dying patient in the
accident department in a desperate attempt to control tor-
rential haemorrhage. An immediate ‘emergency room’ tho-
racotomy forms part of the resuscitation of a patient in
extremis following thoracic trauma. A cardiac laceration is
the commonest remedial injury. In major trauma centres
serving areas with a high level of civilian violence, these
immediate thoracotomies have resulted in success in
around 10 per cent of those with penetrating thoracic
injuries.” Outside these centres the results from emergency
room thoracotomies will be more disappointing, but noth-
ing is lost in the attempt and an occasional life will be
saved. If death is imminent, a low likelihood of benefit is
tolerable.

The value of telephone advice from a cardiothoracic sur-
geon must be remembered in those situations where a gen-
eral surgeon is unsure whether to transfer a patient or to
proceed with a thoracotomy. An expert can sometimes talk
another surgeon through an operation, or may offer to come
and help; alternatively, transfer may be recommended with
the specialist team already alerted, and the emergency
operating theatre prepared.
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Mechanical considerations

Inadequate gas exchange in the immediate aftermath of chest
trauma is more often due to mechanical factors than to
extensive pulmonary damage.

PLEURAL SPACE EXPANSION

Air or blood within the pleural space which is reducing res-
piratory capacity must be drained by the insertion of a chest
drain (see above). In a severe case, the physical signs of major
respiratory embarrassment, tracheal deviation, absent breath
sounds and a dull or hyper-resonant hemithorax may neces-
sitate action before even a confirmatory chest X-ray has been
taken.

CHEST WALL STABILIZATION

The mechanical integrity of the chest wall is threatened by
multiple fractured ribs as, on inspiration, an area between
fractures may be drawn in as a flail segment of chest wall.
Chest wall stabilization for such blunt injuries is by endotra-
cheal ventilation with a cuffed tube and intermittent posi-
tive-pressure ventilation. This may have to be undertaken for
some days before the patient can be weaned from the venti-
lator. Surgery to wire fractured rib ends together, or the
insertion into a rib of a hook to which light traction can be
applied to stabilize a flail segment, are now mainly of histor-
ical interest. However, such techniques may still be of value
to a surgeon who is unable to transfer patients with chest
trauma, and who has no facilities for ventilatory support.
Simple strapping will partially support a rib fracture. Any
improvement in ventilation is, however, mainly due to the
pain relief which allows fuller diaphragmatic movement.
This improvement far outweighs any reduction in rib move-
ment from the splinting effect of the strapping. Local anaes-
thetic bupivicaine intercostal blocks and thoracic epidurals
can be of great value in reducing pain, increasing voluntary
respiratory effort, and thereby reducing secondary infection
in poorly aerated lung bases.

Unfortunately, much of the problem of poor gas
exchange after chest trauma is not explained on the basis of
mechanical compromise, or secondary infection. The
lungs themselves are injured, and deteriorating function
in the few days after injury is more often related to lung
contusion.

OPEN CHEST WOUND

Even an open chest wound, in which a pleural cavity is open
to the environment, is manageable by using positive-pres-
sure ventilation. If not immediately available, an airproof
dressing restores the mechanical integrity of the chest wall
and, with an underwater chest drain to release any tension
from accumulating blood or air, allows re-expansion of the
underlying lung.

DIAPHRAGMATIC LACERATION AND RUPTURE

The possibility of a diaphragmatic laceration should be con-
sidered in all penetrating injuries to the chest or abdomen.
The incidence of diaphragmatic injury in association with
stab injuries to the lower chest may be over 10 per cent. Small
lacerations may be symptomless initially and the diagnosis is
easily missed, only to present with late complications of her-
niation of an abdominal viscus through the defect. Positive-
pressure ventilation may keep the abdominal contents down,
but they then herniate through the defect when the patient
breathes spontaneously with negative pressure. Repeat X-
radiography during the initial hospital admission may there-
fore demonstrate a tear which was not apparent on an earlier
radiograph. In addition, some patients present years after an
injury, when a gradual increase in the size of the defect leads
to late herniation of abdominal organs.

Blunt trauma which compresses the chest or abdomen can
also rupture the diaphragm, which most commonly tears
posteriorly on the left. A major rupture of the left hemi-
diaphragm can seriously impair respiratory function as the
abdominal contents herniate into the chest. The situation is
worsened by gaseous distension of the stomach, and naso-
gastric aspiration is worth instituting before transfer to the-
atre, though it will not always deflate the herniated stomach.
A right-sided diaphragmatic rupture is less common, more
difficult to diagnose, and seldom presents with early acute
mechanical difficulties with ventilation. Diaphragmatic
injury may be isolated, but is often associated with damage to
the liver, spleen or left colonic flexure. A ruptured spleen
lying within the chest and causing a haemothorax can cause
diagnostic confusion.

In an acute presentation the diaphragm is most often
repaired from below at laparotomy. Herniated organs must
be gently extracted from the chest, and it may be necessary to
enlarge the diaphragmatic defect to do this. This should be
done with consideration of the orientation of the branches of
the phrenic nerve to minimize denervation of the
diaphragm. The edges of the laceration are then securely
approximated with strong interrupted sutures. After each
suture is tied it can be used to lift the edges of the diaphragm
and thus make the placement of the next suture easier. This
manoeuvre will also reduce the potential for damage to the
underlying heart or lung.

If diaphragmatic injury is suspected, and there is no other
indication for a laparotomy, a laparoscopy can confirm or
exclude it. However, at diagnostic laparoscopy both the sur-
geon and anaesthetist must be aware of the potential risk of a
tension pneumothorax due to the communication between
the thoracic and abdominal cavities. If this occurs, the gas of
the pneumoperitoneum is released. If this does not produce
an instant improvement, then needle chest decompression
followed by chest drain insertion is required. A video-assisted
thoracoscopy, as described above, is a useful diagnostic alter-
native, especially as in experienced hands a repair can also be
carried out using this minimally invasive approach.
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Injuries which present some months, or years, later will
require a careful dissection to free the abdominal viscera
from within the chest, in order to return them to the abdom-
inal cavity, before the diaphragmatic defect is sutured. For
late injuries a thoracic approach is thus often preferred and,
as it may no longer be possible to bring the edges together, a
mesh must then be used to bridge the defect.

Surgery for intrathoracic bleeding

The indication for surgery may be the magnitude of the
bleeding, usually through a pleural drain, but occasionally
directly to the exterior. Other indications include cardiac
tamponade, and evidence of mediastinal bleeding suggesting
a significant major vessel injury.

BLEEDING INTO THE PLEURAL SPACE

An initial drainage from the pleural space of a haemothorax
of more than 1500 mL, or once the chest drain is in place a
continuing blood loss of >200 mL per hour, suggests a
source of bleeding which is unlikely to stop spontaneously
and will require a thoracotomy. The risks and benefits of
transfer to a cardiothoracic centre have to be individually
weighed. The rate of haemorrhage, the distance for transfer,
the local expertise and the likely source of haemorrhage may
all be factors in the decision. For example, a patient with a
stab injury to the lateral chest is probably bleeding from a
severed intercostal artery or a simple lung laceration. In con-
trast, a patient who has a haemothorax following a blunt
deceleration force, or a bullet wound in the superior medi-
astinum, is more likely to have complex injuries to vital
structures which will require bypass facilities and surgeons
with experience in the field. More may be lost in a stable
patient by a thoracotomy without these essentials than by
the delay incurred in transfer. The benefit of a telephone dis-
cussion with a cardiothoracic surgeon must not be forgotten
in these situations.

A postero-lateral thoracotomy on the side of the haemo-
thorax is most often the incision of choice. However, it must
be remembered that, particularly in penetrating trauma, an
injury to the heart or mediastinal vessels may present with
early major bleeding into the pleural space. If a cardiac injury
is suspected, an antero-lateral thoracotomy is more appro-
priate than a postero-lateral thoracotomy.

A severed intercostal vessel is simply ligated. A bleeding
lung laceration will usually have within it a vessel which can
be secured. The remaining laceration is then oversewn or sta-
pled to reduce haemorrhage and air leak, and the chest
closed with chest drains. A severe injury to a lung hilum may
be from penetrating trauma, or a deceleration shearing force.
The vessels and bronchus may be partially avulsed, and the
only way of controlling haemorrhage may be to complete the
pneumonectomy. A Satinsky clamp applied around the ves-
sels and bronchi in the hilum may give temporary control,
but pulmonary veins avulsed from the left atrium are partic-

ularly difficult to control, repair or close. A general surgeon
faced with this situation can do little more than follow gen-
eral surgical principles in attempting to secure control. The
anatomy of the hila is shown in Figure 7.11.

CARDIAC TAMPONADE AND CARDIAC INJURY

A small laceration to the heart from either penetrating or
blunt trauma can bleed into the pericardial sac, but this may
remain contained by the pericardium. Blood collects under
pressure, compresses the heart, and prevents cardiac filling.
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Figure 7.11  Hilar anatomy. The bronchi (B) lie posteriorly and are
shown closed in a linear fashion. The pulmonary arteries (A) lie
immediately anterior to the bronchi, and the upper and lower
pulmonary veins (V) lie more inferior. All vessels are shown ligated.
The phrenic nerves lie anterior to the hila, on the pericardium. The
vagus nerves lie posterior to the hila, in association with the
oesophagus. (a) Right hilum; the azygos vein curves over the hilum
to the superior vena cava. It lies lateral to the right vagus nerve and
obscures it from view. (b) Left hilum; the aortic arch curves over the
hilum to continue as the descending aorta. It partially obscures the
oesophagus but the left vagus and recurrent laryngeal nerve (RLN)
are vulnerable as they cross the lateral aspect of the aortic arch.
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In a classic case of cardiac tamponade, there is severe shock,
dilated neck veins and muffled heart sounds. An X-ray shows
clear lung fields and a bulbous outline to the cardiac shadow.
More often, the situation is confused by multiple intra-
thoracic injuries, and may be missed until it presents acutely
with electromechanical dissociation in a ‘cardiac arrest’. The
pulseless patient with a beating heart has either exsan-
guinated, or has a failure of cardiac filling due to cardiac tam-
ponade. Without release of the tamponade the patient will
die of what might be only a minor cardiac injury. Pericardial
aspiration is inappropriate in trauma, as the underlying car-
diac laceration will almost certainly re-bleed. The correct
management is exposure of the heart, either through a left
(or right) antero-lateral thoracotomy, depending on the side
of the injury, or better still, through a vertical sternotomy if
the surgeon is confident with the technique. A vertical
median sternotomy will give superior access to the vessels of
the superior mediastinum and can, if necessary, be extended
into the neck (see Fig. 9.4, page 157).

The pericardium is opened anteriorly and parallel to the
phrenic nerve, and blood under pressure is released. Once
the pericardium is opened, the tamponade is relieved, and
cardiac output increases with a resultant fall in venous pres-
sure. Bleeding from the laceration is therefore often very
minimal, and suturing of the laceration may be relatively
simple. Cardiac wounds can be controlled initially by digital
pressure. The commonest site for bleeding is the right
atrium, which is thin-walled and easily sutured.
Occasionally, it may be possible to isolate an atrial laceration
with a side occlusion clamp while it is repaired. A 4/0 Prolene
vascular suture is suitable for the atrial wall. A buttressed,
pledgetted suture of heavier 3/0 Prolene is recommended for
the closure of a laceration of ventricular muscle.

MEDIASTINAL BLEEDING AND MAJOR VESSEL TRAUMA

Particularly in non-penetrating trauma, bleeding from the
disruption of a major vessel may be contained initially by
intact adventitia and surrounding tissue. At this stage there is
no gross loss of circulatory volume. An X-ray finding of a
widened superior mediastinum from haematoma may be the
only indication of a ruptured aorta, or of a major artery
avulsed from the aortic arch. The challenges in interpreting
emergency supine X-rays make the diagnosis more difficult,
as a supine antero-posterior (AP) film, rather than the stan-
dard postero-anterior (PA) view, makes the mediastinum
look enlarged. Early diagnosis is essential if this window of
opportunity for the transfer of such patients to a cardio-
thoracic unit is not to be lost.

Occasionally, a general surgeon is forced by circumstance
to operate. Unfortunately, the injuries encountered are com-
monly beyond both the skills of a general surgeon and the
limitations posed by the absence of cardiopulmonary bypass
facilities.

The choice of incision will depend on the likely site of
injury. For example, if the patient has an anterior bullet

wound, a median sternotomy or an anterolateral thoraco-
tomy which can be extended to a clam shell thoracotomy if
necessary may be the most appropriate incision. Conversely,
if an injury to the descending aorta is suspected, a left pos-
terolateral thoracotomy will give superior access.

Major vessel trauma in the superior mediastinum is
extremely challenging, and a surgeon inexper