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INTRODUCTION

lhe traditional approach to teaching surgical diagnosis
is for the student to attempt to match a patient’s
symptoms and signs with standard sets of symptoms
and signs known to characterise each disease. While
most diagnoses match their classic descriptions at certain
stages in their evolution, this mayv not be so at the
particular moment the patient presents for treatment.
Patients commonly present before recognisable patterns
have evolved or else at a late stage, with the typical
clinical picture having been missed or ignored on the
way.

I'hese are summarised in Box 1.1

TRAUMA

lissue trauma, literally injury, includes in its wider sense
damage inflicted by any ph\'-—lml means, i.e. mechanical,
thermal, chemical, electrical mechanisms or ionising
radiation. Common usage, however, tends to im}\l\
mechanical injury, either blunt or penetrating, as caused
by accidents in industry or in the home, road traffic
accidents, fights, firearms and other missile injuries.
Damage varies according to the nature of the causative

agent, and the visible surface injuries may give little

Bacteria of particular surgical

Viruses of particular surgical
importance 20

Human immunodeficiency virus (H
Viral hepatitis 20

Viral infection follow

g sharps (needle-stick

I'he diagnostic process can also be confusing if not all

the symptoms and signs expected for a particular

diagnosis are present or if the symptoms and signs seem

inconsistent with the working diagnosis.

I'his book seeks to develop a more logical and reliable

approach to diagnosis than simple pattern recognition
by attempting to explain clinical features on the basis of
the evolving pathophysiology and local anatomy. Like-
wise this should form the basis of understanding appro-
priate management strategies. This chapter provides a
review of the main mechanisms of ‘surgical’ disease

against a background of the basic medical sciences.

SUMMARY
Box 1.1 Principal mechanisms of surgical disease
Trauma
Anatomical abnormalities—congenital or acquired
Disorders of normal function

Inflammation—infection, chemical and
immunological mechanisms

Ischaemia and infarction

Metabolic and hormonal disorders
Neoplasia—benign and malignant
Other abnormalities of growth

L
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indication of the extent of deep tissue damage as, for
example, in head injuries or bullet wounds.

ANATOMICAL ABNORMALITIES

Anatomical abnormalities can be developmental in origin,
1.e. congenital, or else acquired as a result of trauma or
some other disease process.

Congenital abnormalities of surgical interest range
from potentially fatal conditions such as urethral valves
and various gut atresias to minor cosmetic deformities,
Developmental abnormalities may become manifest at
any time between fetal life and old age, although the
majority are present at birth or appear in early child-
hood. For example, gut atresias often present with
grossly excessive amniotic fluid (polyhydramnios) during
pregnancy; urethral valves present in the neonatal
period with obstructive renal failure. A patent processus
vaginalis may result in an inguinal hernia at any stage
from birth to early adulthood, whilst renal abnormalities
such as polycystic kidney may present in middle life as
an abdominal mass or with renal failure or haematuria.

Whilst many congenital abnormalities give rise to
disease by direct anatomical effects, other abnormalities
produce disease by more subtle disruption of function,
with the underlying disorder only revealed on appro-
priate investigation. For example, ureteric abnormalities
which allow urinary reflux from the bladder predispose
to recurrent kidney infections

Acquired anatomical abnormalities result from direct
or indirect damage inflicted by trauma or disease, from
the body’s response to these or as an effect or side effect
of treatment. For example, obstruction of the bladder
outlet may result from benign prostatic hypertrophy,
from the fibrotic response to gonococcal urethritis or
from damage inflicted during urethral instrumentation.

DISORDERS OF FUNCTION

A variety of common disorders owe their origin to
abnormalities of function. The gastrointestinal tract is
particularly susceptible; for example, large bowel mal-
function leads to constipation, irritable bowel syndrome
and diverticular disease. The modern low-fibre diet is
undoubtedly an important cause of these disorders, the
colon having evolved on a diet high in fibre.

INFLAMMATION

Many surgical disorders result from inflammatory
processes, most often stemming from infection. Surgical
admissions for infection have markedly decreased since
the advent of antibiotics but unfortunately, infection
remains a common complication of operative surgery.
Inflammation may also result from physical irritation,

particularly by noxious chemical agents, e.g. gastric
acid/pepsin in peptic ulcer disease or pancreatic enzymes
in acute pancreatitis. Immunological mechanisms play a
part in the inflammatory bowel disorders of ulcerative
colitis and Crohn's disease but whether they constitute
cause or effect is not vet known.

ISCHAEMIA AND INFARCTION

Obliterative atherosclerosis is a cause of enormous
morbidity and mortality, particularly in later life. When
the disease restricts blood flow in large distributing
arteries to the point of causing chronic or severe is-
chaemia, it is often possible to improve flow by surgical
or radiological procedures (e.g. aorto-femoral bypass
grafting or angioplasty); when atherosclerosis is severe
and generalised, however, reconstructive surgery may
not be possible and amputation of an ischaemic limb
may be the only alternative.

Arterial embolism is a cause of acute ischaemia of
limbs, intestine or brain. These emboli usually originate
in the heart. Surgical embolectomy can often restore flow
in the femoral arteries and occasionally in the superior
mesenteric artery by retrieving the occluding material.
This is not possible in the brain but surgical treatment of
the carotid disease may prevent further embolic episodes.
Atherosclerosis of the carotid bifurcation and other extra-
cranial arteries causes disease in two ways: firstly, by
vascular narrowing or occlusion restricting the blood
supply and, secondly, by accumulation of platelet thrombi
on atherosclerotic ulcers which then embolise into the
brain causing strokes or transient ischaemic attacks. Either
type of disease may require surgical reconstruction.

When a portion of bowel becomes strangulated, the
initial mechanism of tissue damage is venous obstruction
and this fairly rapidly progresses to arterial ischaemia
and infarction. Chronic venous insufficiency in the
lower limb is responsible for the majority of chronic
leg ulcers. The elevated hydrostatic venous pressure
interferes with nutrition and gas exchange in the super-
ficial tissues of the leg leading to tissue breakdown and
retarded healing

METABOLIC DISORDERS

The lower limb complications of diabetes, particularly
neuropathy and infection, lead to the diabetic foot which
represents an important surgical problem. In addition,
diabetes P]'L’d.lﬁl'\lb‘-ul,"-u to atherosclerosis and also poses
special management problems in a patient undergoing
le:';;l'r'_\'_

Hypersecretion of certain hormones, as in thyro-
toxicosis and hyperparathyroidism, may require surgical
reduction of glandular tissue. Other metabolic disorders

may cause stones in the gall bladder (e.g. haemolytic
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diseases causing pigment stones) or in the urinary tract
(e.g. hypercalciuria and hyperuricaemia causing calcium

and uric acid stones respectively).

NEOPLASIA

Malignant tumours are responsible for a large part of
the general surgical workload. Many surgical referrals
are initiated by a fear or suspicion of cancer and many
investigations and some operations are performed in the
hope of refuting the diagnosis. Some malignant neo-
plasms can be cured by operative surgery but all too
often the appearance ol distant metastases or recurrent
disease dashes the hope of a cure. In incurable cases,
worth-while surgical palliation may improve the quality
of life or even extend life expectancy.

Certain benign tumours such as lipomas are very
common and require surgery mainly for cosmetic or
mechanical reasons. Less commonly, benign tumours are
removed because of obstruction of a hollow viscus or
because of surface bleeding. Benign endocrine tumours
may have to be removed because of excess hormone
secretion, e.g. an insulinoma causing hypoglvcaemia or a
parathyroid adenoma causing hypercalcaemia. Finally,
benign tumours may be clinically indistinguishable from
malignant tumours and are removed to obtain a histo-
logical diagnosis. Neoplasia is discussed in more detail

in Chapter 7.

OTHER ABNORMALITIES OF TISSUE GROWTH

In surgery, the term cyst is imprecisely used to describe a
mass which appears to contain fluid because of its
characteristic fluctuance and transilluminability. In true
pathological terms, cysts are epithelium-lined cavities;
most represent ducts dilated by retained secretion usually
due to obstruction. In some cases there is epithelial
hyperplasia, excessive secretion and structural distortion
as, for example, in breast cysts. Some cysts arise from
ectopic epithelial remnants or as a result of necrosis in
the centre of an epithelial mass. Cysts commonly require
surgical removal (or drainage) for aesthetic reasons or to
exclude malignancy, e.g. epidermal cysts, epididymal
cysts, breast cysts,

Other growth disturbances such as hyperplasia and
hypertrophy give rise to surgical problems, in particular
benign prostatic hyperplasia, fibroadenosis of the breast
and thyroid goitres

‘THE SURGICAL SIEVE’

Fhe foregoing mechanisms of surgical disease may
provide a useful ‘first principles’ framework or aide
mémoire upon which to construct a differential diagnosis.
[his is particularly useful when the symptoms and signs

do not immediately point to a diagnosis. This approach
is often referred to as the ‘surgical sieve’. However, it
should not become a substitute for logical thought based
on the clinical findings.

ACUTE INFLAMMATION

Acute inflammation is the principal mechanism by
which living tissues respond to injury. The purpose of
the inflammatory response is to neutralise the injurious
agent, to remove damaged or necrotic tissue, and to re-
store the tissue to useful function. The central feature of
acute inflammation is the formation of an inflammatory
exudate. This has three principal components: serum,
leucocytes (predominantly neutrophils) and fibrinogen.

Formation of the inflammatory exudate involves three
vascular phenomena which are collectively responsible
for the ‘cardinal signs of Celsus’, i.e. redness, swelling,

heat, pain and loss of function. These are as follows:

® Dilatation of local blood vessels leads to engorgement
of the tissues and increased perfusion; this is
responsible for the clinical signs of local redness, heat
and some of the swelling

@ Increased capillary permeability results in serum and
plasma proteins (including immunoglobulins and
fibrinogen) passing into the extracellular tissues
which further increases the swelling (oedema). Pain is
caused by swelling and by some of the substances
which mediate the inflammatory process, e.g. kinins.
I'he inflammatory exudate serves to irrigate the area
diluting toxins and organisms, which are drained
away to regional lymph nodes. Fibrinogen
polymerises to form fibrin in the damaged tissue
which inhibits bacterial spread

® [cucocytes migrate into the area of injury and once
there, the neutrophils and macrophages (both tissue-
fixed and those from blood monocytes) commence
phagocytosis of tissue debris, Macrophages are long
lived but neutrophils die after a burst of lysosomal
activity, releasing endogenous pyrogens which are at
least partly responsible for the fever often associated

with acute inflammation

OUTCOMES OF ACUTE INFLAMMATION

I'he possible outcomes of the acute inflammatory process

are summarised in Figure 1.1

RESOLUTION

If tissue damage is minimal and there is no actual tissue
necrosis, then the acute inflammatory response even-

tually settles and the tissue returns virtually to normal
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ACUTE INFLAMMATION

TISSUE DAMAGE i.e. vascular changes

OR NECROSIS leading to exudate of fluid,

If minimal or no permanent tissue damage RESOLUTION
It extensive neutrophilic response Fgg?ﬂigﬂsgN

fibrin and leucocytes
(especially neutrophils)

Fig. 1.1 Acute inflammation and its sequelae

with no evidence of scarring. A good example is the
resolution of sunburn or transient peptic gastritis.

ABSCESS FORMATION

An abscess is a collection of pus (dead and dying
neutrophils plus proteinaceous exudate) walled off by a
zone of acute inflammation. Acute abscess formation
occurs particularly in response to certain microorganisms
which attract neutrophils and yet are resistant to phago-
cytosis or lysosomal destruction. Abscess formation also
occurs in response to highly localised tissue necrosis and
to some organic foreign bodies (e.g. wood splinters, linen
suture material), although infection may also be involved
in these cases. The main pyogenic organisms of surgical
importance are Staphylococcus aurens, some streptococci
(particularly Strep. pyogenes), Escherichia coli and related
Gram-negative bacilli (“‘coliforms’), and Bacteroides spp.
Without ‘point
spontaneously to the nearest epithelial surface (e.g. skin,

treatment, abscesses tend to
gut, bronchus), eventually discharging their contents.
Provided the injurious agent is thereby eliminated,
spontaneous drainage leads to healing. If an abscess is
far from a surface (e.g. deep in the breast), it progressively
enlarges causing much tissue destruction. Sometimes
local defence mechanisms are overwhelmed, leading
to runaway local infection (cellulitis) and sometimes
systemic sepsis.

Even with small and well-localised abscesses, showers
of bacteria enter the general circulation (bacteraemia)
but are mopped up by the phagocytic cells of the liver

and spleen before they can proliferate. This process is

when pus has drained

ORGANISATION
i.e. phagocytosis of tissue
debris and formation of
vascular granulation tissue

If damaging stimulus persists

CHRONIC

INFLAMMATION HEALING

I.e. formation of fibrous
granulation tissue and
later fibrous scarring
(plus regeneration in

If damaging stimulus some cases)

removed or overcome

responsible for a swinging pyrexia which is characteristic
of an abscess. The site may not be clinically apparent if
the abscess is very til'\'l"“ﬂ.‘.'lh‘\i (e.g. ‘-»U["phl’t’l]i( or pL']\"IL
abscess) and the patient may be otherwise well. A typical
temperature chart is shown in Figure 1.2. In the presence
of an abscess, the number of neutrophils in the
bloodstream rises dramatically as they are released in
greater numbers from the bone marrow; thus, a marked
neutrophil leucocytosis (i.e. white cell count greater
than 15 x 10°/L with more than 80% neutrophils) usually
indicates a pyogenic infection. Severe infection with an
excessive cytokine response spilling over into the
systemic circulation causes systemic sepsis and rapid
clinical deterioration (see Ch. 2, p. 25).

If spontaneous drainage of an abscess does not
eliminate the injurious agent, the neutrophil response
persists and pus continues to be formed, resulting in a
chronic abscess. This may be manifest as a continuously
discharging sinus or a surface abscess which inter-
mittently forms, discharges and then heals. Alternatively
a chronic abscess may be suspected only because of its
systemic effects (e.g. a swinging pyrexia). From the fore-
going, it follows that the essential principle of managing
any abscess is to establish complete drainage, usually by
incision or aspiration. Any residual necrotic or foreign
material must be eliminated by curettage or excision.
Indeed, before the antibiotic era, abscesses were a major
cause of hospital admission and the principle of
drainage was well known, with most hospitals having a
separate ‘septic’ ward.

Antibiotics are often misused to treat abscesses. Once
an abscess has fully formed, antibiotics seldom effect a
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cure because the pus and foreign or necrotic material
remain and antibiotics cannot gain ready access to the
bacteria within the pus. Nevertheless, antibiotics may
halt expansion or even sterilise the pus; the residual
sterile abscess is sometimes known as an antibioma. [f
appropriate antibiotics are given early enough in an
infection, organisms can be eliminated before the stage
of abscess formation. For example, staphylococcal breast
infections are common during lactation and if untreated
often lead to breast abscesses; this formerly common
surgical problem is now rare because of timely antibiotic
treatment by family practitioners. Likewise, in surgical
operations where there is known to be a particular risk
of infection, prophylactic antibiotics can dramatically
reduce the incidence of postoperative abscess formation

and other septic complications.

ORGANISATION AND REPAIR

The most common sequel to acute inflammation is
organisation, in which dead tissue is removed by

Fig. 1.2 Temperature chart showing
swinging pyrexia

phagocytosis and the defect filled by vascular connective
tissue known as granulation tissue. This granulation
tissue is gradually ‘repaired’ to bring about a fibrous
scar, In some cases the original tissue may regenerate,

Ihe simplest example of organisation and repair is
healing of an uncomplicated skin incision (see Fig. 1.3).
In this case, there is no necrotic tissue and the margins of
the wound are brought into apposition with sutures. An
acute inflammatory response develops in the immediate
vicinity of the incision and by the third day, granulation
tissue bridges the dermal defect. In the meantime,
proliferating surface epithelium rapidly restores the
epidermis. Fibroblasts invade the granulation tissue
laying down collagen, so that the repair is strong enough
to permit suture removal after 5-10 days. At this stage
the scar is still red but the blood vessels gradually
regress and it becomes a pale linear scar within a few
months, This process is known as healing by primary
intention (see Fig. 1.3).

If tissue loss prevents the wound edges from coming

together, the healing process has to make good the

«
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deficiency. The defect is initially filled with blood clot
which later becomes invaded by vascular granulation
tissue from the healthy wound base. The inflammatory
exudate solidifies at the surface forming a protective
scab. Fibrin in the clot contracts, helping to draw the
wound edges together, reducing the size of the defect
Fibroblasts invade the granulation tissue and collagen is
laid down in the extracellular spaces; contraction of
myofibrils within fibroblasts shrinks the wound defect,
beginning about 3 weeks after the insult. Over the
succeeding weeks and months, the blood vessels regress
and more collagen is formed, leaving a relatively
avascular scar; gradual contraction of the mature
collagen (cicatrisation) ensures that the final scar is much
smaller than the original defect. The overlying epidermal
defect is gradually bridged by epithelial proliferation
from the wound margins. The epithelial cells slide over
each other on the surface of the granulation tissue and
beneath the edges of the scab which is eventually shed.
This whole process is known as healing by secondary
intention (see Fig. 1.3).

The rate and success of wound healing may be
impaired by a variety of local factors including retained
foreign bodies, necrotic tissue, infection, poor or damaged
blood supply, continued wound contamination, unsuit-
able dressings and interference with the wound by the
patient, as well as by systemic factors such as mal-
nutrition, immunosuppression and uncontrolled diabetes.

CHRONIC INFLAMMATION

In certain circumstances, an injurious agent persists over
a long period causing continuing tissue destruction. At
the same time the body attempts to deal with both the
original and the continuing tissue damage by the process
of acute inflaimmation, organisation and repair. In these
cases, the damaged area may exhibit several pathological
processes concurrently, i.e. tissue necrosis, an inflam-
matory response, granulation tissue formation and
fibrous scarring, This whole process is known as chronic
inflammation and is characterised histologically by a
predominance of macrophages (sometimes forming giant
cells) which are responsible for phagocytosis of necrotic
debris. Lymphocytes and plasma cells are also present,
indicating the involvement of immunological mechanisms
in chronic inflammation.

Chronic inflammation represents a tenuous balance
between a persistent injurious agent and the body’s
reparative responses. Healing only takes place if the
injurious agent is removed and then proceeds in the
usual manner but often with much more scarring.

A wide range of agents can lead to chronic inflam-
mation and the clinical patterns of disease can be grouped
into three broad categories:

® chronic abscesses
@ chronic ulcers
® specific granulomatous infections and inflammations

Chronic abscesses

As described earlier, a chronic abscess arises if the
injurious agent causing an acute abscess is not fully
eliminated. Pus continues to be formed and the abscess
either persists or discharges continuously via a sinus or
else ‘points’ and discharges periodically with the sinus
healing over between times. The wall of the chronic
abscess consists of fibrous scar tissue and granulation
tissue resulting from healing attempts at the periphery.
Causes of chronic abscesses include the following;:

® Infected foreign bodies are probably the most
common cause of chronic abscess formation in
modern surgical practice. Foreign bodies may have
been deliberately implanted and become infected
(e.g. synthetic mesh used for inguinal hernia repair,
prosthetic hip joint) or have become embedded
during an accident (e.g. glass fragments)

® Dead tissue of any sort can act as a foreign body,
forming a nidus for infection. For example, diabetes
may be complicated by deep infections in the foot
with necrosis of tendon and bone leading to chronic
abscesses and ulcers. Hairs deeply implanted in the
skin of the natal cleft may be responsible for a
pilonidal sinus or abscess. An infected dead tooth or
root fragment may intermittently discharge via an
associated ‘gum boil” (see Fig. 1.4). Chronic
osteomyelitis is associated with remnants of dead
bone known as sequestra

® A chronic abscess can arise without a foreign body if
the abscess is so deep and well circumscribed as to
prevent spontaneous drainage; the best example is a

subphrenic abscess

Chronic ulcers

An ulcer is defined as a persistent defect in an epithelial
or mucosal surface. Except for malignant ulcers,
ulceration usually results from a combination of low-
grade mechanical or chemical injury to the epithelium

and underlying supporting tissue together with an
impaired reparative response. For example, elderly and
debilitated patients are susceptible to pressure sores
(‘bed sores’) which develop over bony prominences such
as the sacrum and heels. In these cases, the patient does
not regularly and automatically shift position to relieve
the pressure of body weight because of immobility and
diminished protective pain responses. Tissue necrosis
results and subsequent healing is impaired by continuing
pressure ischaemia, poor tissue perfusion (from cardiac

or peripheral vascular disease) and malnutrition,

Ck
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Pue Granulation tissue
us

‘Gum baoil'
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Fig. 1.4 ‘Gum boil’ as an example of a chronic abscess
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Another common example is the chronic leg ulcer in
chronic venous insufficiency; this fails to heal because of
local ischaemia induced by the high venous pressure,
and the problem is often exacerbated by secondary
imtection.

A chronic peptic ulcer results from persistent acid-
pepsin attack upon the gastric or duodenal mucosa and
the lesion persists because the reparative response 1s
insufficient to tip the balance in favour of repair. The
lesion is often initiated and then exacerbated by aspirin
or other non-steroidal anti-inflammatory drugs (NSAIDs)

or alcohol. On the other hand, healing can be assisted by
neutralising the acid with antacids, by blocking acid
production with H, antagonists or by enhancing local
protective factors with drugs such as sucralfate.

In summary, a chronic ulcer represents a tenuous,
unresolved balance between persistent injurious factors
and an inadequate reparative response. The prin iple of
therefore to diminish or the

management is remove

damaging factors and to promote the healing response

The specific granulomatous infections and
inflammations

Certain microorganisms such as Muycobacterium tuber
culosis, Mycobacterivm  leprac and  Treponema  pallidum
(causing tuberculosis, leprosy and syphilis respectively)
excite a minimal acute inflammatory response and
stimulate a chronic inflammatory response almost from
the outset. The lesions are characterised by accumulation
the
diseases thus being known as the specific granulomatous

of macrophages which form into granulomas,
infections

A tuberculous cold abscess is a pus-like accumulation
of liquefied caseous material containing the occasional
mycobacterium. In contrast to a pyogenic abscess, the
]x’“.ll'll 1s cold to I]1=.‘ Lo }1 since l]]L’TL' 15 no associated
inflammatory

acute vascular response. In developed

countries, tuberculous abscesses were once common
but are now rare. Cervical lymph node tuberculosis
(‘scrofula’) often produced a ‘collar-stud’ abscess, i.e. a
superficial fluctuant abscess communicating with a deep
(and often larger) lymph node abscess via a small fascial
defect. Tuberculosis of the thoraco-lumbar spine causes
local destruction and may track down under the inguinal
ligament within the psoas sheath, presenting as a ‘psoas
abscess’ in the groin. A tuberculous ulcer is shown in
Figure 1.5.

Certain extremely fine particulate materials, such as
talc and beryllium, produce similar granulomatous re-
actions known as foreign body granulomas. Talc was
traditionally used as a lubricant powder in surgical
gloves and occasionally after laparotomy aroused an
intense, diffuse granulomatous peritoneal reaction causing
widespread bowel adhesions. Talc was abandoned and
replaced by starch, which in itself has been incriminated
the

resent trend is to use gloves without powder when
I 3 I

in causing starch granulomas. For this reason,

body cavities are opened.

INFECTION
GENERAL PRINCIPLES

(See also ‘Principles of asepsis and infection control’,

Ch. 6, pp. 66-71.)
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Fig. 1.5 Tuberculous ulcer

(a) This patient had lived in South Africa and had de

typical appearances of a 'wash leather base and an undercut edge. Diagnosis was based on a biopsy and treatment

nvalved lymph nodes v

It is important to distinguish between infection,
which is a sustained local attack by microorganisms,
and sepsis, which is essentially an excessive and in-
appropriate cytokine response to particular types of
severe infection. Clinically significant infection arises
when the size of an inoculum or the virulence of a
microorganism is sutficient to overcome the resistance
offered by protective surface phenomena, non-specific
tissue defences and any specific immune responses. The
virulence of an organism depends on its qualities of
adherence and invasiveness and its ability to produce
toxins. Tissue invasion of microorganisms may be
enhanced by secretion of enzymes (e.g. hyaluronidase
and streptokinase), avoidance of phagocytosis (e.g.
encapsulation or spore formation), inherent resistance to
lysosomal destruction or the ability to kill phagocytes.
Toxins may be secreted by the organism (exotoxins) or
released upon the death of the organism (endotoxins); in
either case the toxin may produce local tissue damage
(e.g. gas gangrene) or cause distant effects directly (e.g.
tetanus) or by activating cytokine systems to cause sepsis

le above the ulcer and a course of antituberculous chemotherapy. (b) Shows the healed e

eloped this pamnless and slowly enlarging ulcer about three months earlier. It shows the

iraining the

n two months later

syndrome or disseminated intravascular coagulopathy
(see Ch. 2).

Infections may be community-acquired (e.g. pneumo-
coccal lobar pneumonia in a fit young adult) or hospital-
acquired. The latter are also known as nosocomial
infections and may follow surgery.

In post-surgical infections, organisms gain entry to
the tissues through an abnormal opening, i.e. surface
damage (such as a surgical or traumatic wound) or from
a perforated viscus. Alternatively, physiological protective
mechanisms may be disrupted, allowing infection to
gain ascendancy. For example, neutropenia predisposes
to infection, and bronchopneumonia is more liable to
develop in a smoker following immobility or anaesthesia.

Furthermore, the surgical patient’s general resistance
may be impaired by malnutrition, malignancy, rheu-
matoid disease, corticosteroid therapy or other immuno-
suppressive drugs. In many cases, the infecting organisms
are part of the patient’s normal skin, bowel or respir-
atory tract flora or are normally present in the external
environment. Nosocomial infection may be acquired by

«
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cross-infection from other infected patients, or from
contaminated equipment or furnishings, or from ‘carriers’
among statt.

USE OF MICROBIOLOGICAL TESTS IN MANAGEMENT
OF SURGICAL INFECTIONS

Surgical infection should be diagnosed on clinical
grounds and the laboratory used to define the nature of
the infection and to guide antibiotic therapy. Keen but
inexperienced junior medical or nursing staff often take
microbiological swabs from wounds or ulcers, which
grow organisms in the laboratory, without realising that
this may represent colonisation rather than clinically
important infection. The clinical picture should always
be the factor which determines a decision to begin treat-
ment, although certain organisms such as Strep. pyogenes
may require treatment to prevent cross-infection even if
the lesion is clinically mild.

The results of specimens taken from dirty contami-
nated sites must be interpreted with caution. Superficial
slough or discharge often contains colonising organisms
of little significance. For example, in osteomyelitis caused
by Staph. aureus, the sinus opening may be colonised by
Proteus or Pseudomonas spp. The infecting organism may
not be grown unless the wound is first carefully cleaned
with saline and then the lesion swabbed deeply. If larger
quantities of infected material are available, a syringe of
pus or an excised segment of infected tissue should
be sent to the laboratory for culture. Where possible,
samples should be taken before antibiotics are given.

For best results, microbiological specimens should be
transported quickly to the laboratory and certainly with-
in 2 hours. If this is not possible, the specimen should be
kept at 4°C. Blood culture specimens should be placed in
an incubator at 35°C.

PRINCIPLES OF TREATMENT OF INFECTION
Removal of infected foci

An infected area that is poorly vascularised is effectively
isolated from the body’s humoral and cellular defence
mechanisms as well as from circulating antibiotics.
Retained infected material may over-activate cytokine
mechanisms which precipitate multiple organ dysfunction
syndrome, Thus, a vital first step is to remove infected

STAPHYLOCOCCI
PATHOPHYSIOLOGY

Staphylococci are Gram-positive cocci of which the
main pathogenic species is Staph. aureus. This typically

BACTERIA OF PARTICULAR SURGICAL IMPORTANCE

necrotic tissue and drain collections of pus. This principle
should not be ignored on the grounds that the patient is
too ill for operation because the very ill patient may
recover dramatically after this type of surgery. Common
examples include draining abscesses, amputating infected
necrotic limbs, removing infected foreign bodies (e.g.
cannulae, prostheses, trauma debris) and draining the
infected contents of hollow viscera such as bile ducts,
kidneys and ureters.

Empirical antibiotic therapy

If treatment is urgent, antibiotics should be chosen
according to the common pathogens likely in a given
situation and with the knowledge of local antibiotic
sensitivity profiles. A Gram stain performed on material
from a usually sterile site can guide initial therapy until
culture and sensitivity results are available. In an
abdominal wound infection where hollow viscera have
not been opened, Staph. aureus is the likely infecting
organism and an anti-staphylococcal penicillin such as
flucloxacillin can be commenced (see p. 13). If, however,
the patient is known to carry methicillin-resistant Staph.
aureus (MRSA)(see p. 13), vancomycin may be indicated.
If bowel has been opened, Gram-negative organisms
including anaerobes are likely and an antibiotic regimen
is chosen to include these bacteria.

Specific antibiotic therapy

Once microbiological test results are available, therapy is
modified to deal with the particular organisms grown and
their antibiotic sensitivities. Specific ‘narrow-spectrum’
therapy is more effective and has fewer side effects than
broad-spectrum ‘shotgun’ therapy. It also minimises the
possibility of superinfection with organisms such as
Clostridium difficile (see p. 16) and yeasts.

Nutritional support

Major sepsis results in severe catabolism (see Ch. 2) and
may be associated with hypoalbuminaemia and wasting.
Relatively simple measures such as nasogastric tube
feeding should be considered if the patient is unable to
swallow. The more complex procedure of total parenteral
nutrition may be appropriate in other situations (see
Ch. 50).

produces pustules, boils, breast abscesses, wound
infections and osteomyelitis. Part of the virulence of
Staph. aureus is due to its production of a variety of
enzymes and toxins. Staph. aureus can also be part of the
normal flora. About 30% of the general population are
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nasal carriers and 10% carry it on the perineal skin. Staph.
epidermidis, (formerly Staph. albus), a coagulase-negative
staphylococcus, is a universal skin commensal which
rarely produces significant clinical infection or merits
antibiotic therapy, except when it causes infections
associated with exogenous materials such as prosthetic
implants and intravenous cannulae.

Staphylococcal cell walls are resistant to adverse
conditions such as drying, and the organism is able to
persist for long periods under dry conditions such as in
ward dust from where infection may spread. Some
strains such as MRSA (see below) can be passed from
patient to patient on staff hands if care is not taken with
hand washing after every patient contact.

ANTIBIOTIC SENSITIVITIES

In the early antibiotic era, most staphylococci were
sensitive to penicillin. More than 85% of strains in both
family practice and hospital are now resistant. This is
largely due to their ability to produce penicillinase
Most Staph. aureus strains remain sensitive to a reason-
able range of commonly used antibiotics, e.g. fluclox-
acillin (a penicillinase-resistant penicillin), erythromycin
and some of the cephalosporins; gentamicin is also
active against Staph. aureus.

A relatively recent and potentially devastating problem
is the emergence of strains of Staph. aureus resistant
to flucloxacillin and all cephalosporins. Some are also
resistant to gentamicin, erythromycin and chloram-
phenicol and sensitive only to the relatively toxic and
expensive drug vancomycin, which has to be given
intravenously. These strains are known by the term
methicillin-resistant Staph. aureus (MRSA); methicillin
is the drug tested in the laboratory to predict fluclox-
acillin and cephalosporin resistance. Infections with this
organism appear sporadically in hospitals, often where
antibiotics have been used indiscriminately. The in-
fections often originate in transplant units or intensive
care units and then spread to cause serious and often
fatal cross-infections. Radical measures have to be taken
to prevent spread of epidemic proportions. Ward areas at
greatest risk of MRSA infection are burns units, intensive
care units, cardiothoracic surgical wards, neonatal units,
orthopaedic wards and geriatric wards. It is often
erroneously believed that MRSA is inherently more
pathogenic than other Staph. aureus strains. In fact, the
organisms excite similar inflammatory responses aimed
at their elimination; the difference is that MRSA
infections are more difficult to treat. MRSA may be
sensitive in vitro to .lmillﬂ_;]_\'n'\i.'«idL' antibiotics such as
gentamicin but this is rarely of much value in clinical
practice. In some cases, oral treatment with tetracycline
or a combination of rifampicin and fusidic acid is
appropriate; the combination prevents rapid develop-

ment of antibiotic resistance to each agent alone,

A particularly worrying development is the emerg-
ence of VISA,
sensitivity (i.e. relatively resistant) to vancomycin. In-

which is Staph. aureus of intermediate

appropriate use of vancomycin must be avoided to
prevent selection of such mutants.

STREPTOCOCCI
PATHOPHYSIOLOGY

Streptococci are Gram-positive coccoid organisms which
were first described in infected surgical wounds by
Billroth in 1874,

Streptococci may be classified by their oxygen require-
ments into aerobic, anaerobic and microaerophilic (i.e.
grow best in reduced oxygen concentrations) and further
subdivided by their ability to produce different patterns
of haemolysis on agar culture plates containing red
blood cells.

Alpha haemolytic streptococci cause partial haem-
olysis with a green discoloration; important pathogens in
this group include the viridans group of streptococci and
Strep. pneumoniae

Beta haemolytic streptococci produce complete haem-
olysis and may be grouped serologically into Lancefield
groups A to O. The important human pathogens are
group A streptococci (Strep. pyogenes—of major surgical
importance) and group B streptococci (Strep. agalactine—
a common cause of serious neonatal sepsis). Streptococci
in groups C and G are occasional causes of cellulitis and
bacteraemia. Some streptococci and enterococci carry a
group D antigen. Microaerophilic streptococci such as
Strep. milleri carry a group F antigen.

Some streptococei are non-haemolytic and were
formerly known as gamma haemolytic streptococci.

STREPTOCOCCI OF PARTICULAR SURGICAL
SIGNIFICANCE

Strep. pyogenes (groups A and B beta haemolytic
streptococcus)

This is the main human pathogenic streptococcus and is
carried in the upper respiratory tract by about 10% of
children but less often by adults. It can cause cellulitis
and, less commonly nowadays, erysipelas. Strep. pyogenes
is also a common cause of sore throat as well as post-
streptococcal syndromes such as rheumatic fever which
predisposes to cardiac valvular damage and subsequent
infective endocarditis.

In acute cellulitis, a locally spreading infection involves
the dermis and hypodermis, facilitated by production of
hyaluronidase and streptokinase. In limb infections,
organisms draining towards regional lymph nodes via
lymphatics may produce perilymphatic inflammation
and paintul red streaks along the limb, i.e. lymphangitis.
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'he regional nodes react vigorously, becoming enlarged,
painful and tender, a condition known as lymphadenitis.
This may also occur in staphylococcal infections. Severe
tissue damage may be caused by certain highly invasive
strains of Strep. pyogenes leading to a necrotising fasciitis.
If the infecting strain also produces certain exotoxins a
life-threatening streptococcal toxic shock syndrome may

develc \}W.

Viridans streptococci

The viridans group of streptococci are oral commensals of

low virulence but are the most common organisms
causing infective endocarditis. This may occur as a
complication of certain surgical procedures in the pre-
sence of pre-existing cardiac abnormalities; the subject is
described in detail in Chapter 46,

Strep. pneumoniae (pneumococcus)

This organism is the most common cause of lobar
pneumonia and can also cause bronchopneumonia in
susceptible post-surgical patients. Strep. pneumoniae is a
common cause of middle ear infections (otitis media);
it is also involved in acute exacerbations of chronic
bronchitis. Pneumococcal meningitis may occur in the
young and elderly and may complicate head injury.
Severe pneumococcal sepsis is particularly likely after
splenectomy but may be prevented by vaccination and

penicillin prophyvlaxis.

Strep. milleri (anginosus group)

Many of the Strep. milleri group have microaerophilic
culture requirements. They are often found in abscesses
in the appendix area, and the liver, lung and brain.

Anaerobic streptococci

Members of this group are bowel commensals and may
form part of the mixed flora in many intraperitoneal
abscesses and infection associated with necrotic tissue,

e.g. diabetic foot ulcers.

ANTIBIOTIC SENSITIVITIES

Penicillin is the drug of choice for most streptococcal
infections. In seriously ill patients, benzylpenicillin is
given parenterally. For less serious infections in patients
able to tolerate oral therapy, penicillin V (phenoxy-
methyl penicillin) or ampicillin/amoxycillin is the drug
of choice. Many streptococci are also sensitive to
macrolides (e.g. erythromycin, clarithromycin). Some
pneumococci are now partially resistant to penicillin.
Most infections, however, are still cleared with high-dose

penicillin although meningitis needs alternative anti-
biotics such as vancomycin.

ENTEROCOCCI
PATHOPHYSIOLOGY

The enterococci are Gram-positive cocci closely related
to streptococci. I'he most commeon species is E. faecalis
(formerly Strep. faecalis). Enterococci form part of the
normal bowel flora and may cause infection where
bowel has been opened or infect the urinary or genital
tracts.

ANTIBIOTIC SENSITIVITIES

Penicillin, ampicillin, amoxycillin or vancomycin is used
for enterococcal infections. In serious infections such as
endocarditis, a combination of penicillin and gentamicin
is used to ensure bactericidal activity.

The cephalosporins are all ineffective. In hospitals
where broad-spectrum (third-generation) cephalosporins
are used as empirical therapy for bowel-related infections
or sephicaemia, enterococct are a Irequent cause of
nosocomial (hospital-acquired) infection. Vancomycin-
resistant enterococci (VRE) are now being found. They
are usually low-grade pathogens but can infect intra-
vascular lines. Endocarditis caused by VRE is very

difficult to treat.

ENTEROBACTERIACEAE
PATHOPHYSIOLOGY

The Enterobacteriaceae are a large family of Gram-
negative bacilli (i.e. rods) which usually make up about
1% of the normal intestinal flora (see Table 1.1); these
organisms are commonly referred to as ‘coliforms’. The
organisms can be cultured under aerobic and anaerobic
conditions and, like other members of the bowel flora,
grow in media containing bile salts such as McConkey or
CLED agar; this helps in their identification.

Infections of surgical importance with Entero-
bacteriaceae are usually opportunistic in nature with the
bacteria almost always arising from the patient’s own
bowel. Infection results from direct contamination from
perforated or surgically opened bowel, perineal spread
(to nearby wounds or urinary tract) or haematogenous
spread.,

Escherichia coli is the most common pathogen of the
Enterobacteriaceae and is responsible for many surgical
infections, often in synergy with other bacteria. E. coli
is the most common cause of urinary tract infections
(about 80% of all UTIs) and Gram-negative septicaemia.

Coliform bronchopneumonia occasionally occurs in
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Table 1.1 Bacteria of the family Enterobacteriaceae

Clinical Infection

Organism

Primary gut pathogens

Gut colonisers that can
cause infections

Escherichia coll Peritonitis and intrapentones
: (usually mixed infection

siefla absces

Proteus with anaerobes)
Enterobacter Septicaemia
Morganella Urinary tract infections

Ascending cholanagitis

Citrobacter

Gut colonisers that
rarely cause infection

Enternt

debilitated, immunosuppressed or seriously ill patients
Jl\lll'.r'wh'lllrlf, !J.'h'."l‘!":-'l'l‘t'.' and _“;i'”r.'f.'n' are bL‘iH:L‘._ 1solated
more often in surgical bowel-related infections. Profeus
is a common cause of urinary tract infections but
occasionally causes other surgical infections, usually
originating from the urinary tract.

ANTIBIOTIC SENSITIVITIES

Many coliforms are now resistant to ampicillin (and
amoxycillin) and first-generation cephalosporins, e.g.
cephalothin, but most are sensitive to second- and third-
generation cephalosporins, e.g. cefuroxime, cefotaxime.
Gentamicin is still a very effective and cheap agent
against coliforms. Most coliforms are sensitive to
ciprofloxacin. For prophylaxis in bowel and for biliary
tract surgery and for treating related local and systemic
infections, gentamicin or a second-generation cephalo-
sporin (e.g. cefuroxime) is recommended, together with
metronidazole for its activity against anaerobes. These
accompany Enterobacteriaceae but are not in this group.
Many coliforms are still sensitive to trimethoprim alone,
which is often used to treat urinary tract infections.
Resistant strains are much more frequent within hospitals
than in the community. They are often found causing
urinary tract infection in catheterised patients who have

had repeated courses of antibiotics.

‘NON-SURGICAL ENTEROBACTERIACEAE

Other members of the Enterobacteriaceae family produce
primary gut infections, although these only occasionally
enter the province of the surgeon; for example, Salmonella
typhi causes typhoid which may cause bowel perfor-
ations and Shigella causes bacillary dysentery. Rarely,
Salmonella is incriminated in acute appendicitis and
primary ‘mycotic’ aneurysms. An increasingly important,
often unrecognised variety of acute haemorrhagic colitis
is caused by E. coli 0157:H7; this is clinically indis-
tinguishable from acute ulcerative colitis and should be
sought bacteriologically in cases of suspected ulcerative
colitis. Yersinin sometimes produces an acute inflam-
mation of the ileum which may mimic the clinical
picture of acute appendicitis. At laparotomy it appears
similar to Crohn’s disease of the terminal ileum.

PSEUDOMONAS
PATHOPHYSIOLOGY

The main pathogen in this group of aerobic Gram-
negative rods is Pseudomonas aeruginosa, an uncommon
cause of surgical infection. It tends to cause infections
in debilitated, hospitalised patients. It is a normal
commensal of the human gut in about 10% of the
population. The organism is resistant to many antibiotics
and therefore tends to proliferate when other flora have
been suppressed by broad-spectrum antibiotic therapy.
Like Klebsielle and Enterobacter, it poses a problem in
institutions  because of its ability to survive many
chemical disinfectants and antiseptics.

Ps. aeruginosa may be responsible for fatal septicaemia
(especially in terminally ill patients) and pneumonia,
particularly in ventilated patients. Longstanding wounds
such as compound fractures and chronic leg ulcers may
become colonised by Ps. aeruginosa, although it is not
always clinically significant. It can be recognised by the
characteristic blue-green pigmentation of the discharge.
lhe organism is also found in patients with indwelling
urinary catheters. Ps. aeruginosa often colonises and may
be a pathogen in burns infections. It can cause a fatal
septicaemia when burns are extensive. Finally, it is an
important complication of ophthalmic surgery and may
lead to loss of the infected eve; it is also often I\"-[,"Hl]ﬁl.l"lv
for chronic and recurrent external ear infections (otitis

externa)

ANTIBIOTIC SENSITIVITIES

[reatment of pseudomonal infections often requires
combination therapy because of its widespread anti-
biotic resistance and the severity of infections. Treatment
usually involves an aminoglycoside (gentamicin or
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tobramycin) and an extended-spectrum beta lactam anti-
biotic such as ceftazidime, piperacillin or imipenem.
The quinolone antibiotics ciprofloxacin and norfloxacin
are active alone against Ps. aeruginosa and are the only
effective oral antipseudomonal agents. True infection
must be distinguished from colonisation where treatment
is not indicated and will only encourage the develop-
ment of resistance.

BACTEROIDES
PATHOPHYSIOLOGY

Bacteroides spp. and related organisms (e.g. fusobacteria)
are Gram-negative, non-sporing anaerobic bacilli which
make up the greatest proportion of normal gastro-
intestinal flora, outnumbering E. coli and its related
coliforms by about 1000 to 1. B. fragilis is a small group
of these, making up less than 1% of the bowel anaerobes.
It is surgically important for causing pyogenic infections
in combination with other gut commensals after faecal
contamination of the peritoneal cavity and occasionally
sepsis in debilitated patients. Because of their strictly
anaerobic culture requirements, identification of these
organisms as pathogens was neglected until the early
1970s. Indeed Bacteroides spp. were probably responsible
for many so-called ‘sterile’ intra-abdominal abscesses in
the past. The importance of B. fragilis as a cause of
surgical infection is probably still underestimated.

ANTIBIOTIC SENSITIVITIES

Bacteroides spp. and the other Gram-negative anaerobes
are highly sensitive to metronidazole, which can be
given orally, intravenously or rectally, the last giving
blood levels equivalent to those achieved by intravenous
administration. Metronidazole is now given as standard
prophylaxis before operation for appendicectomy and
large bowel surgery, where it has dramatically reduced
the incidence of postoperative peritoneal and wound
infections. Bacteroides spp. are also often sensitive to the
combination of ampicillin/amoxycillin and clavulanic
acid (Augmentin)

CLOSTRIDIA

Clostridia are Gram-positive rods which are widely
distributed in the soil and as intestinal commensals. The
organisms form spores which are resistant to drying,
heat and antiseptics and can survive for long periods.
Clostridia are mostly obligate anaerobes which can only
proliferate in the absence of oxygen; they are responsible
for much of the putrefaction and decay of animal
material in nature. The main pathological effects of

clostridial infections are caused by powerful exotoxins.
The infections of surgical interest are gas gangrene,
tetanus and pseudomembranous colitis.

GAS GANGRENE

Gas gangrene results when Clostridium perfringens
(formerly called C. welchii) and other anaerobes (e.g.
Bacteroides spp. and anaerobic streptococci) proliferate
in necrotic tissue, secreting powerful toxins. These
spread rapidly and destroy nearby tissues, generating
gas at the same time which gives rise to the characteristic
clinical sign of crepitus (‘crackling’) on palpation and the
typical X-ray appearance shown in Figure 1.6. Deep
traumatic wounds involving muscle, and wounds con-
taminated with soil, clothes or faeces are most susceptible,
The condition is particularly common in battle wounds
and gas gangrene was responsible for vast numbers of
deaths during the First World War.

In surgical practice, the highest risk of gas gangrene is
in lower limb amputations performed for ischaemia
(infection from the patient’s own bowel) and in high-
velocity gunshot wounds (infection from the patient’s
own perforated bowel or by external contamination).
Gas gangrene occasionally occurs in other surgical

Fig. 1.6 Gas gangrene
3as gangrene involving all the muscles of the nght thigh in a 46-year-

old man who sustained extensive contamine

medial thigh (arrowed) in a road traffic accid 5 gangrene
developed because necrotic muscle was not exc y and
completely. Note the widespread streaks of radiolucent gas bubbles
tracking along the muscle planes. This patient died of toxaemia
despite antibiotics, surgery and hyperbaric oxygen therapy
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wounds where ischaemic tissue has become contami-
nated with bowel flora. The area of muscle necrosis may
be small at first. Gas gangrene is recognised when the
overlying skin turns black and the process spreads at an
alarming rate. Within hours the underlying necrosis
rages along the muscle planes. Later the skin breaks
down and a thin, foul-smelling purulent exudate leaks
from the wound. Toxins are absorbed into the general
circulation and cause rapid clinical deterioration and
death within 2448 hours unless the process can be
halted by timely and vigorous intervention.

C. perfringens is very sensitive to benzylpenicillin
which should be given prophylactically by injection
immediately after a traumatic injury involving muscle,
or less than an hour before amputation of an ischaemic
limb (metronidazole can be used for patients allergic to
penicillin). Preventing clostridial infection in contami
nated wounds requires meticulous surgical excision of
all necrotic tissue, followed by packing of the wound
rather than suturing. Further excisions are likely to be
|1l'l_’l]l'it

[reatment of established gas gangrene is urgent and
must proceed vigorously if there is to be any hope of
survival. Treatment is with penicillin and radical excision
of necrotic tissue. High doses of penicillin are given
intravenously to kill organisms in viable and vascularised
tissue. Emergency surgery is performed to remove all
necrotic tissue. This involves carving back the necrotic
muscle to healthy bleeding tissue; the affected muscle is
recognised by its brick-red colour and failure to contract
on cuthing

Hyperbaric oxygen therapy may be used to raise the
oxygen tension in the necrotic tissues, inhibiting growth
of the organisms. The patient is placed in a high-pressure
chamber with pure oxygen at about 3 atmospheres
pressure for several hours daily. However, gas gangrene
may continue to spread despite these measures, necessi-
tating further heroic surgical interventions. Even with all
this intensive treatment, the prognosis for established

gas gangrene remains bleak

TETANUS

[etanus is caused by Closh m tetani which infects
dirty wounds in a similar manner to gas eangrene. The
size of the entry wound may be minute, perhaps caused
by a rose thorn or splinter. The organism produces an
exotoxin which has little local effect but, even in minute
quantities, has powerful remote neuromuscular effects
causing widespread muscular spasm. The first signs are
often acute muscle spasms and neck stiffness or trismus
(lockjaw’). If untreated, these progress to opisthotonus
(arching of the back due to extensor spasm), generalised
convulsions and eventually death from exhaustion and

respiratory failure several days later.

[etanus 1s now rare in dev eloped countries because of
widespread immunisation with tetanus toxoid during
childhood, followed by boosters at 10-year intervals
Any patient with a penetrating injury, however trivial,
should be given a booster dose if none has been given in
the previous 5 years. If no booster dose has been given
for 10 years, full revaccination should be carried out. The
annual incidence of tetanus in dev eloped countries is
about one per million population, and is most common
following trivial gardening injuries in the elderly, who
are least likely to have been properly immunised. If there
is doubt about satisfactory immunisation status following
a major contaminated injury, benzylpenicillin should be
given prophylactically as well as passive immunisation
with tetanus immune globulin collected from people
with known high titres. Treatment of established tetanus
usually requires artificial ventilation with drug paralysis,
in addition to the usual antibiotics and passive immunis-
ation. Mortality remains high, especially in the elderly

Globally, tetanus remains a massive problem after
trauma. A particular local problem in some developing
countries is neonatal tetanus resulting from the practice of
applying cow dung as a dressing to the umbilical stump

PSEUDOMEMBRANOUS COLITIS

Pseudomembranous colitis can be the most serious form

of antibiotic-associated diarrhoea (see Ch. 21) and is

caused by overgrowth of a toxigenic Clostridium difficile,
an organism named for the L{I'Hii_llil_\' of growing it in
culture. Infection results in the formation of a thick
fibrinous ‘membrane’ on the large intestinal mucosa,
within which the organism proliferates. Its toxins cause a
profound watery and sometimes bloody diarrhoea,
leading to dehydration and loss of electrolytes,

Although pseudomembranous colitis is uncommon, it
may develop after only a single dose of almost any
antibiotic. Clindamycin and lincomycin were the most
commonly implicated drugs but these are rarely used
now; cephalosporins are now the most common cause,
Diagnosis can be made by sigmoidoscopy and biopsy in
the 50% of patients with left-sided colonic involvement
l'he best method of diagnosis is to detect the specific
toxin in the stool; this can be performed by looking for a
cytopathic effect on cells cultured in vitro. Cl. difficile can
also be cultured from the stool. Although the organism is
sensitive to penicillin, this fails to penetrate the pseudo
membrane. Oral metronidazole is effective in most
patients. Oral vancomycin, which is not absorbed from
the gastrointestinal tract, can also be used but this is now
\“\-H‘lll'.ll:"l'\] because of the concern of \L'il_‘L'{i.H\L" VRE (see

p. 14)

I'he main bacteria of surgical importance are summarised

in Table 1.2.
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Table 1.2 Main bacteria of surgical importance and their antibiotic sensitivities

Classification Organism Typical infections

FACULTATIVE STAPHYLOCOCC

ANAEROBES I Pustules, boils, a e
(i.e. aerobes) oaqulase-positive nfecti oIV
lermidis Skin commensal

opportunistic pathogen, especially

of toreign bodies, e.q. prosthetit

implants
STREPTOCOCCI
5. pyogenes Group A: cellulitis, lymphanaitis,
group A and B necrotising fasciitis
beta haemolytic) Groug neonatal and maternal
infections, intections in chabetics

S millar mmensal
1
t O ) me Als
n bowe
lant
S. pneumoni MNormal upper respiratory tract
pRneum us) C mensal spiratory tract

infections, meninaitis

Viridans streptocc Oral and gut commensals
rare cause of intection except intective

endocarditis

OTHERS

Bacillus spp Usually contaminants; multiply in

(rod-shape ry and wound drainage bags

Skin and upper respiratory

commensals; occasional opportunisti

GRAM-NEGATIVE
Facultative anaerobes

N TERI ited
¥lak 3 $DD p— | ensa
tre S Not nor ] mmensal |
Enter t patien
Providencia Spp
Enteric: Salmonella and Gastrointestinal and systemit
Shigella spp infections

Antibiotic sensitivities

antibiotics
Vancomycin
Flucloxacilhin
Erythromycin

Some cephalosporins
Gentamicin
Rifampicin

icillin

fampicil naxycilling

Erythromycir

Cephalosporins

As for S. pyogenes

As for S. pyogenes

Ciprofloxacin



Table 1.2 Continued
Classification

GRAM-NEGATIVE
Facultative anaerobes

Non-sp( nna,

Gram-positive

Sporing, Gram-positive
rods

MYCOBACTERIA

OTHER BACTERIA

Organism

aeruginosa,

Stenotrophor

Acinetobac

Curved rod group
including Vi

Jr10 Spp. and
Campylobacter

Fastidious group including
Haemophilus spp

dranching rods
Actinomyces israelil

CLOSTRIDIA

_l. perfringens

Cl. tetaru

rganisms

walls

plasma spp.,
Chlamydia spp. and
ricket

tsia
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Antibiotic sensitivities

Typical infections

Umonias and

i i aentilated tient
1as in ventilatea paten

ns and septicaemia

onise leg ulcers

a8 Causes 1§ nerd,

Campylobacter causes diarrhoea,

V vulnificus causes necrotising wound

infections after contact with sea water

Haemophilus 1s an upper respiratory
tract commensal causing acute-on
chronic bronchitis and invasive
infections in children: Pasteurella

multocida is an oral commensal in dogs

and cats and causes bite infections
and septicaemia; Neisseria spp. include

meningococcus and gonococcus

s ("anaerobic As for S

ccus’) and

Peptost

streptococcus’

eptococcus (*anaerobic

commaon commensals

of mucosal surfaces; components of

mixed infections of mucosal surfaces

Benzylpenicillin
Metronidazole

Actinomycosis

Faecal commensals,
mostly non-pathogenic

Gas gangrene, food poisoning Benzylpenicillin

Metronidazole

Tetanus Benzylpenicillin

Metronidazole

Antibiotic- Clated diarrhoea

Non-tuberculc

M. avium

M. marinum (fish fancier's ulcer)

1a and

Mycop
rickettsias—pneumaonias,

Chi,

amydia—pelvic inflammatory

disease, implicated in coronary

heart disease

Ch
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Chronic blood-borne viral infections such as hepatitis B
and C and human immunodeficiency virus (HIV) are
Important to surgeons because of the risk of transmission
to the surgeon from the patient during surgery (and vice
versa), as well as cross-infection between patients. In
addition, patients may need surgical intervention for
complications of hepatitis or HIV infection. Preventing
transmission of infection relies on universal blood and
body fluid precautions which are described under
‘Methods of infection control’ in ( !mplui' b.

HUN;AN IMMUNODEFICIENCY VIRUS
(HIV

CLASSIFICATION OF HIV INFECTIONS

The human immunodeficiency virus causes a chronic
infection which usually progresses to the acquired
immune deficiency syndrome (AIDS) over a period of 7
or more years. The illness evolves through several stages.
Ihe first is the acute seroconversion illness (group I
Centers for Disease Control Classification 1986). Sero-
conversion occurs as long as 3 months after infection is
acquired, and as many as 70% of infected patients are
asymptomatic at the time of seroconversion. Patients
usually test negative for antibodies against HIV prior to
and during the initial seroconversion illness.

Next follows the asymptomatic period (group 1D
during which the patient usually feels completely well
Later, as the disease progresses, the patient may develop
generalised lymphadenopathy and wasting (AIDS-
related complex—group III). AIDS (group IV) is mani-
fest by development of unusual opportunistic infections
(e.g. Prneumocystis pneumonia, cytomegalovirus (CMV)
infections, cerebral toxoplasmosis, atypical mycobacterial
infections), certain malignant diseases (Kaposi's sar-
coma, generalised or cerebral lymphoma, aggressive
invasive uterine cervical cancer) and neurological
disease (AIDS dementia complex).

The use of combinations of antiretroviral drugs (high
activity antiretroviral therapy) has had a dramatic effect
on the natural history of the disease, with AIDS patients

now surviving far longer

SURGICAL INVOLVEMENT IN HIV CASES

Preventive measures to be adopted by medical and
nursing stalt and the management of needle-stick injuries
are discussed in Chapter 6 under ‘Methods of infection
control’.

Surgeons may be involved in diagnosing bowel-related

problems (e.g. oesophageal candidiasis) by oesophago-

_":{I“iI'l1"LE[lULFl'l1l\\tn‘i‘_\ (OGD). In late-stage disease, CMV
infection may involve any part of the gastrointestinal
tract—ranging from mouth ulcers and ulcers in the
jejunum (which may perforate) to colitis. For AIDS colitis,
colonoscopy and biopsy are often required for diagnosis.
reatment involves intravenous antiviral drugs.

AIDS patients may develop severe perianal herpes
with secondary anal fistula or abscess formation. In a
patient with known AIDS, perianal lesions should be
assumed to be herpes until proven otherwise as the
presentation is often atypical. Kaposi’s sarcomas (see
Ch. 40) may require local excision.

Surgeons may also become involved with HIV-
infected patients who in late-stage disease require a
long-term central venous catheter (Hickman line) with a
subcutaneous infusion port. Surgeons may also be asked
to place a percutaneous endoscopic gastrostomy (PEG)
for feeding purposes.

(‘!HH‘[\H.'L'EI SUrgeons may be t'\}.‘l“‘l‘k‘] to the virus
when performing joint replacements in HIV-infected
haemophiliacs

VIRAL HEPATITIS

Viral hepatitis manifests clinically with anorexia, nausea
and sometimes abdominal discomfort in the right upper
quadrant followed by jaundice. There are many viruses
that can cause hepatitis with different modes of trans-
mission, incubation times, prognosis and complications.
lhese include CMV, Epstein-Barr and the hepatitis
viruses. Hepatitis A and E are spread by the faecal-oral
route whereas hepatitis B and C can be acquired by
blood and some body fluids and therefore represent a
potential risk to the surgeon.

HEPATITIS A

Hepatitis A is transmitted by the faecal-oral route, has an
incubation period of 2-6 weeks, rarely causes fulminating
disease and never leads to chronic hepatitis or cirrhosis
[ts only surgical importance is when considering the
differential diagnosis of jaundice. A vaccine for pre-
venting hepatitis A is now available.

HEPATITIS B

Hepatitis B is transmitted by blood or body fluids,
including sexual intercourse, or from mother to fetus or
baby (termed vertical transmission). Incubation is from
6 weeks to 6 months. Hepatitis B infection leads to
chronic hepatitis and cirrhosis in approximately 5-10%
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of cases; this cirrhosis commonly progresses to hepato-
cellular carcinoma (the most common cause of hepato-
cellular carcinoma world-wide). Hepatitis B is prevent-
able by vaccination and this is indicated for neonates of
mothers who carry the virus, all health-care workers and
some high-risk groups (e.g. certain ethnic groups).
Exposure to hepatitis B virus has several possible

outcomes:

® Acute fulminant hepatitis. This is rare but fatal

® Acute hepatitis. Clearing of the virus leads to lifelong
immunity

® Chronic infection. This may lead to chronic
hepatitis/cirrhosis (and possibly hepatocellular
carcinoma)

® Chronic carrier state. This is mainly due to infection
at birth or later with development of immune
tolerance and no obvious active disease

Serological diagnosis of hepatitis B (see Table 1.3)

Hepatitis B surface antigen (HBsAg) can be detected in
the early stages of the disease. Patients then develop
antibodies to the viral core (anti-HBc); this does not
confer immunity but is a marker of exposure to the virus.
With clearance of the virus, patients develop surface
antibodies (anti-HBs) which confer lifetime immunity.
Patients who do not clear the virus remain surface
antigen-positive and may become chronic carriers, i.e.
remain infectious for others and prone to risk of
complications themselves. In patients who are HBsAg-
positive, e antigen positivity (HBeAg) is a marker of high
infectivity (see ‘needle-stick injury’ below), but patients
who are surface antigen-positive alone may still transmit
the virus if there is exposure to sufficient material, e.g. by
blood transfusion. Chronic carriers should be monitored
for hepatocellular carcinoma by annual estimation of
serum alpha-fetoprotein and liver ultrasound every
2 years, as partial hepatectomy can sometimes cure early
cases of hepatocellular carcinoma. Hepatitis B vaccines
contain the surface antigen and induce immunity by
stimulating production of surface antibody; this will be

Table 1.3 Interpretation of hepatitis B serology

HBsAg
Acute hepatitis +
Immune patient following hepatitis
Chronic hepatitis (includes carrier state) +

After effective immunisation -

the only positive serological marker in people who have
been vaccinated.

HEPATITIS C

Hepatitis C is transmitted via the same routes as
hepatitis B but sexual transmission is believed to be
less common. The incubation period is approximately
2 months. Chronic liver disease develops in 30-50% of
cases but is often of low-grade activity. Hepatitis C is
also an important cause of hepatocellular carcinoma on a
world-wide basis. Serological diagnosis is troublesome
because of the difficulty of culturing the virus. Sero-
conversion occurs late, often weeks to months after the
acute illness, In most cases a positive hepatitis C anti-
body test is likely to mean continuing infection.

HEPATITIS D

This is a defective virus that requires hupalilis B surface
antigen for full expression and only occurs as a co-
infection with hepatitis B. It can be prevented by
vaccination for hepatitis B.

VIRAL INFECTION FOLLOWING SHARPS
(NEEDLE-STICK) INJURY

Any sharps injury, especially from a hollow needle, may
lead to transmission of viral infection if the patient
carries a blood-borne virus, This is discussed in detail in
Chapter 6.

To avoid such infections strategies must be adopted to
reduce the risk of exposure: for example, by not re-
sheathing needles. Health-care workers are given
vaccination against hepatitis B. Antiretroviral drugs need
to be given promptly after a significant exposure to HIV
as post-exposure prophylaxis. No vaccination or treat-
ment can as yet be recommended for health-care workers
exposed to hepatitis C

anti-HBc (IgM) anti-HBe (1gG) anti-HBs
+ - early =
+ lale
+ +
+/- -
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INTRODUCTION

At the site of extensive tissue damage, local inflam-
matory and reparative responses take place as described
in Chapter 1 but a variety of neuro-humoral systemic
responses are also activated which compensate for
building

starvation, provide additional energy and
blocks for tissue repair, and conserve sodium ions and
water. There is also a massive attempt to increase glucose
production by the process of gluconeogenesis. Adrenaline
and noradrenaline are released into the systemic
circulation from sympathetic nerve endings and from the
adrenal medulla to play a central role in the systemic
responses. In addition, there is enhanced secretion of
adrenocorticotrophic hormone (ACTH), glucocorticoids
(cortisol), glucagon and growth hormone, all of which
contribute to the general catabolic response. At the same
time increased aldosterone and antidiuretic hormone
(ADH) production mediate some of the fluid and
electrolyte changes. Insulin is an antagonist of most of
the above hormones and is secreted in increased
amounts after injury, but only from the second or third

dav.

FACTORS RESPONSIBLE FOR SYSTEMIC
RESPONSES

Factors responsible for systemic responses to severe

injury or major surgery are summarised in Box 2.1

Fall in intravascular volume

T'his is one of the major factors that initiate the systemic

responses. Hypovolaemia results from:

SUMMARY

Box 2.1 Factors responsible for systemic responses
to severe injury or major surgery

@ Fall in intravascular volume

® Reduced cardiac output and peripheral perfusion
® Pain

@® Stress

® Systemic inflammatory responses and sepsis

® Inflammation

@ Excess heat loss

® Secondary effects on blood

® Starvation

® Loss of fluid by haemorrhage or from the surface of
burns

@ Interstitial sequestration of fluid as oedema in

damaged tissues and more generally as a result of the
systemic hormonal responses. This process is
exaggerated in systemic sepsis

® Restricted oral intake during the perioperative period

or whilst in intensive care

A falling intravascular volume stimulates sympathetic
activity to maintain blood pressure both by boosting
cardiac output and by increasing peripheral resistance.
Ihis explains the mild tachycardia commonly seen in
postoperative patients. Catecholamines also have pro-
found metabolic effects, increasing the turnover of
carbohydrates, proteins and lipids. Falling renal per-
fusion activates the renin-angiotensin—aldosterone system,
increasing renal sodium and water reabsorption. A
centrally mediated increase in ADH secretion promotes

further conservation of water.




Reduced cardiac output and peripheral perfusion

Circulatory efficiency may be impaired by hypovolaemia,
and mvocardial contractility may be th’l."l‘t’.‘.‘-hl.'d l‘_\' anaes-
thetic agents and other drugs. Less commonly major
events, such as sepsis, pulmonary embolism or myo-

cardial infarction, cause cardiovascular collapse.

Pain

Pain causes increased catecholamine and ACTH
secretion. Blockade of pain (e.g. by regional anaesthetic
procedures) at the time of surgery greatly reduces the
adverse systemic effects of pain.

Stress

Psychological stress associated with injury, severe illness
or elective surgery has a similar effect to pain on
sympathetic function and hypothalamic activity

Systemic inflammatory responses and sepsis

Exotoxins and endotoxins initiate intense systemic
cytokine responses with a variety of adverse metabolic
effects (see p. 25). This response does not necessarily
involve infection and can be initiated by a variety of
adverse physiological insults.

Inflammation

Products of tissue damage and inflammation may cause
systemic effects themselves or via release of cytokines
and other humoral factors. The effects are similar to
those involving infection.

Excess heat loss

This can occur during long operations and after
extensive burns. Heat loss imposes great demands upon
energy resources and may interfere with physiological
processes such as blood clotting. Small babies are
particularly vulnerable. Heat loss in the operating theatre
is counteracted as far as possible by raising the ambient
temperature, wrapping exposed parts of the body with
insulating material, using warm water underblankets or
warm air ‘bear-huggers’ and by warming fluids during
intravenous infusion,

Secondary effects on blood

General metabolic responses to injury activate thrombotic
mechanisms and initially depress intrinsic intravascular
thrombolysis. Thus the patient is in a prothrombotic
state and may suffer intravenous thrombosis and con-

sequent thromboembolism.

Systemic responses to surgery and trauma

If substantial haemorrhage occurs, clotting factors
eventually become exhausted with failure of clotting.
[he systemic inflammatory response syndrome (SIRS—
see p. 25) causes widespread intravascular thrombosis,
again using up clotting factors and precipitating dis-
seminated intravascular coagulation (DIC) with failure
of normal clotting,.

Starvation

Patients are commonly starved for 6-12 hours before
operation even for uncomplicated elective surgery, and
often do not start eating for 12-24 hours after operation.
After major gastrointestinal surgery, food may be with-
held for several days or much longer in the event of
serious infective complications, anastomotic breakdown
or fistula formation. Furthermore, patients with gastro-
intestinal tumours, malabsorption syndromes or inflam-
matory bowel disease may already be in a state of
chronic starvation before operation.

One effect of starvation is increased susceptibility to
infection. Thus, it is important to recognise and, if possible,
correct starvation in surgical patients. The following are
useful indicators of starvation:

Weight loss of more than 10% of normal body weight
Lack of nutritional intake for more than 10 days

Low serum albumin—below 26 mg/dl is probably
critical

Low serum transferrin

Reduced lymphocyte count

Reduced grip strength

Effects of starvation

During starvation in the absence of illness or trauma,
blood glucose is maintained by lowered insulin secretion
and increased glucagon production. Other hormone levels
remain normal. Initially, enhanced glycogenolysis main-
tains blood glucose but liver glycogen becomes
exhausted within 24 hours. Gluconeogenesis in the liver
and kidneys is enhanced, utilising amino acids from
protein breakdown and glycerol from lipolysis as sub-
strates. Much of the glucose thus produced is utilised by
the brain; most other tissues are able to metabolise fatty
acids and ketones from adipose tissue. After several
weeks, the brain also adapts to using ketones. Overall
energy demands fall during starvation and energy is
obtained mainly at the expense of body fats. Protein is
conserved until a late stage in uncomplicated starvation
but this is not the case in severe trauma or surgery.

SURGICAL CATABOLISM

In most elective surgery, many of the factors mentioned
above can be mitigated by accurate fluid replacement,
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adequate analgesia, reducing psychological stress, pre-
venting infection and using careful operative technique to
minimise tissue trauma. The result will be minimal
systemic upset with rapid recovery.

On the other hand, in severe trauma and extensive
operative surgery, particularly if complicated by major
sepsis, the above factors will inevitably cause intense
catabolism and drastic changes in fluid and electrolyte
balance. Increased sympathetic activity and circulating
catecholamines and insulin are the key factors in the
response to major systemic insults, producing the follow-
ing metabolic results:

® Enhanced hepatic glycogenolysis and gluconeogenesis

® Reduced insulin secretion and inhibition of its tissue
effects block cellular utilisation of E_'JI.IL‘U:-'L"

® Stimulation of glucagon secretion further enhances
glycogenolysis and gluconeogenesis

® Catecholamines and glucagon stimulate lipolysis in
adipose tissue releasing fatty acids; these provide the
major energy source for peripheral tissues

® Breakdown of muscle protein releases amino acids,
the main substrate for gluconeogenesis and the raw
material for wound healing

@ Increased pituitary ACTH release induces a massive
rise in circulating glucocorticoids; cortisol levels can
increase tenfold immediately after surgery, remaining
elevated for days or weeks. Glucocorticoids also
enhance gluconeogenesis and promote catabolism of
muscle protein and liberation of amino acids

® Increased secretion of growth hormone and thyroid
hormones, both of which inhibit the effects of insulin
and promote catabolism

EFFECTS ON CARBOHYDRATE METABOLISM

The overall effect of all these hormonal actions is a rise in
blood glucose levels, often resulting in hyperglycaemia
and a pseudodiabetic state; blood glucose levels may
reach 20 mmol/L and glucose may appear in the urine,
This is in marked contrast to simple fasting, in which
glucose levels are normal or slightly depressed.

EFFECTS ON BODY PROTEINS AND NITROGEN
METABOLISM

In the normal healthy adult, nitrogen balance is
maintained; protein turnover results in the daily
excretion of 12-20 g of urinary nitrogen which is made
good by dietary intake. In a hypercatabolic state, nitrogen
losses can increase three- or fourfold. Most importantly,
the metabolic environment prevents proper utilisation of
food or intravenous nutriion. There is therefore an
enormous and inevitable daily destruction of skeletal

muscle, This state of negative nitrogen balance contrasts

markedly with starvation, in which body protein is

PrL‘r-L‘I‘\'l’d_

EFFECTS ON LIPID STORES AND METABOLISM

I'he effects of major body insults upon lipid metabolism
are little different from simple starvation; most of the
energy requirements are met from fat stores.

Surgical catabolism only reverses as the patient
recovers from the illness and therefore early parenteral
nutrition (see Ch. 50) has little effect, although carbo-
hydrates may spare some protein loss. It is worth
emphasising that minimising surgical trauma and
preventing perioperative complications may make the
difference between recovery and death for elderly or
debilitated patients.

FLUID AND ELECTROLYTE CHANGES IN MAJOR
SURGERY AND TRAUMA

Major trauma, surgery and illness result in retention of
sodium and water, mediated via increased secretion of
aldosterone and ADH

Aldosterone secretion

l'his occurs in response to a fall in renal perfusion and
glomerular filtration rate that tends to accompany
substantial haemodynamic disturbances. Renin is released
from the juxtaglomerular apparatus of the kidney,
catalysing the conversion of angiotensin 1 to angiotensin
[T in the lungs. The latter has a powerful pressor effect on
the puril'rlu-r.\l vasculature, counteracting hlvpnlvnr‘-mn as
well as stimulating aldosterone release from the adrenal
cortex. Aldosterone promotes achive rmbsurpliun of
sodium ions from the distal convoluted tubules of the
kidney; this is accompanied by the passive reabsorption
of water. Sodium reabsorption is linked to secretion of
potassium and hydrogen ions. The urine is therefore
small in volume, acidic and with a low sodium concen-
tration and raised potassium concentration. Loss of
hydrogen ions causes a degree of metabolic alkalosis.

ADH secretion

This is stimulated by a rise in serum osmolality,
mediated by osmoreceptors in the hypothalamus. After
major trauma or surgery, however, additional factors
operate. There is a reduction in circulating volume, and
stress and pain promote further ADH release via other
hypothalamic pathways. ADH acts on the renal collecting
tubules, rendering them permeable to water which is
then reabsorbed along a concentration gradient into the
vasa recta of the renal medulla,




It is important to recognise the phase of relative
oliguria and sodium retention that inevitably occurs
after major injury or surgery as this has an important

Systemic responses to surgery and trauma

bearing on fluid management. Like surgical catabolism,
described earlier, these effects are resistant to external
manipulation but resolve with recovery of the patient.

Multiple organ dysfunction syndrome or MODS (also
known as multi-organ failure or MOF) came to be

recognised as a distinct clinical entity in the mid-1970s
when it was widely recognised that any major
physiological insult could lead to failure of one or more
organs remote from the initiating disease process. Later
it was conceived that the underlying condition was an
uncontrolled systemic inflammatory response (systemic
inflammatory response syndrome, SIRS) initiated by a
range of adverse events such as trauma, infection,
inflammation, ischaemia or ischaemia-reperfusion injury.
MODS is the most common reason for surgical patients
to stay longer than 5 days in intensive care.

Sepsis (also known by or incorporated within the
terms septic shock, systemic sepsis, septicaemia and
sepsis syndrome) describes the early clinical features
which occur when infection is the initiating factor of
MODS; at this stage, the condition may be reversible.
Note that the term sepsis is not synonymous with
infection and should be reserved for the systemic process
described here (see Box 2.2). The sequence of failure of
individual organs often follows a predictable pattern
with pulmonary failure occurring first, followed by
hepatic, intestinal, renal and finally cardiac failure.
Pulmonary failure is associated with acute (formerly
‘adult’) respiratory distress syndrome (ARDS). In hepatic
failure, patients have a rising bilirubin, serum glutamic
oxaloacetic transaminase (SGOT) and lactate dehy-
drogenase (LDH). Intestinal failure is recognised by
stress bleeding requiring blood transfusion, renal failure
by rising plasma creatinine and low urine output and,
cardiac failure by low cardiac output and hypotension.
Altered mental states such as confusion also occur
(cerebral failure) as may DIC.

Fhe mortality of MODS is directly related to the
number of organs that fail. With one organ the mortality
rate is 40%; with two, 60%; and with three organs, more
than 90%.

PATHOPHYSIOLOGY OF SIRS AND
MODS

SIRS involves widespread changes including endothelial
injury, inflammatory cell activation, disordered haemo-

dynamics and impaired tissue oxygen extraction. It thus

KEY POINTS

Box 2.2 Definitions of SIRS, MODS and sepsis

Systemic inflammatory response syndrome (SIRS)

Present if two or more of the following are found:

® Temperature > 38°C or < 36°C

® Heart rate > 90 beats/min

@ Respiratory rate > 20 breaths/min or PaCO, < 4.3 kPa

® White cell count > 12 000 cells/mm? or < 4000
cellss/mm? or more than 10% immature forms

Multiple organ dysfunction syndrome (MODS)
® Present if SIRS is associated with organ dysfunction,
e.g. oliguria, hypoxia

Sepsis (or systemic sepsis)
® Defined as SIRS in association with bacterial
infection proven by culture

Severe sepsis
® Defined as sepsis associated with signs of organ
dysfunction, e.g. renal failure

Septic shock

® Defined as SIRS associated with hypotension
refractory to volume replacement and requiring
vasopressors

represents a grossly exaggerated activation of immune
responses intended as host defences. The excessive
unregulated release of inflammatory mediators, however,
does more harm than good by causing the wide-
spread microvascular, haemodynamic and mitochondrial
changes that may eventually lead to organ failure.

Following initial tissue injury, a local inflammatory
response occurs with cytokine induction. The primary
response to this is endothelial activation and the
expression of intercellular adhesion molecules (ICAMs).
Later, neutrophils diapedese into the tissues. Complement,
coagulation and other components of the inflammatory
system become activated and the primary inflammatory
response is amplified. All of this is normal and appro-
priate. However, if the injury is severe or persistent, the
localised reaction may spill over into the systemic
circulation producing a systemic inflammatory response,
or if initiated by infection, producing the sepsis
syndrome,

h) 2
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MEDIATORS OF SIRS AND MODS

SIRS and MODS involve complex interactions of endo-
genous and sometimes exogenous mediators. A range of
cytokines 1s released from activated neutrophils as well
as from endothelial and reticulo-endothelial cells. These
include tumour necrosis factor (TNF), the interleukins
[L1, 1L2, IL6, and platelet activating factor. These
mediators individually cause responses similar to those

found in SIRS when injected into volunteers

SEPSIS

lhe classic septic response of a hyperdynamic circ-
ulation, systemic signs of inflammation and disrupted
intermediary metabolism can be induced in healthy
volunteers by injecting endotoxin (derived from the cell
walls of Gram-negative bacteria) or the cytokines TNF or
interleukin 1. In Gram-negative sepsis, the lipoprotein
A (lipopolysaccharide) component of the organisms has
been shown to activate neutrophils and the coagulation
and complement pathways. These result in endo-
thelial activation, increasing vascular permeability and
neutrophil-endothelial interaction. The final common
pathway may involve migration of activated neutrophils
into the interstitial space of the affected organ and the
development of tissue hypoxia. In sepsis syndrome
these and other circulating factors working in synergy
bring about the devastating effects of MODS

CLINICAL CONDITIONS LEADING TO
SIRS AND MODS

lhese include infection and endotoxaemia (50-70% of
cases), retained necrotic tissue and shock. They can initiate
distant organ failure by several mechanisms:

® Inducing excessive release of endogenous mediators

® Disrupting oxygen delivery to the tissues

® Impairing intestinal barrier function allowing
translocation of intestinal bacteria and endotoxin to
the portal and systemic circulations

® Damaging the reticulo-endothelial system

INFECTION

I'he source of infection which leads to MODS may be
acquired (e.g. intra-abdominal abscess) or endogenous,
i.e. from the patient’s own bowel. Local infection, usually
with Gram-negative bacteria, stimulates the release of a
range of inflammatory mediators. A similar response is
provoked by a substantial volume of necrotic lissue, e.g.

gangrenous leg, and is made much worse if the tissue is

infected. These paracrine responses are beneficial in a

local sense, combating infection by increasing blood flow
and vascular }"‘I’THH‘.IE‘]]I[\ to allow influx of ;‘h.l_\_;‘-\ vies
as well as activating neutrophils to degranulate and release
cytotoxic oxygen radicals. If the stimulating factor then
1s so great that inflammatory mediators spill over into
the systemic circulation in large quantities, a cascade is
initiated which may lead to sepsis and MODS, Super

oxide radicals and other circulating factors then damage
cells elsewhere in the body, causing widespread vaso-
dilatation and increased vascular permeability leading to
hypotension and circulatory collapse. The myocardium is
depressed and cellular metabolic functions are disrupted

Endogenous sources of infection

Bowel is a reservoir for bacteria and endotoxin which are
normally safely contained. If the intestinal barrier is
breached by splanchnic ischaemia, impoverished luminal
nutrition of enterocvtes or altered intestinal flora, then
bacterial translocation can occur into the portal
circulation in as little as 30 minutes. If the liver Kupffer
cells are also impaired, intestinal bacteria and endotoxin
are not prevented from reaching the systemic circulation
T'his may explain the potential for renal failure in
aundiced patients undergoing operation (hepato-renal
syndrome). This endogenous source of sepsis explains
the 30

out an obvious source of infection Iypically, patients are

of patients who suffer organ dysfunction with-

affected after prolonged hypotension (hypovolaemic or
cardiogenic shock) or hypoxaemia (e.g. multiple trauma
victims) or as a result of direct visceral ischaemia (e.g.
prolonged aortic clamping and hypotension in a patient
with a ruptured aortic aneurysm)

PREVENTION OF SEPSIS AND MODS

Prevention and early treatment of MODS is summarised
in Box 2.3

SURGICAL ASPECTS

When multiple organ dysfunction occurs in surgical
patients, it often results from a complication such as a
bowel anastomotic leak (‘septic’) or from severe acute
pancreatitis (which may be sterile but becomes devastating
it associated with pancreatic infection). Extensive tissue
necrosis following trauma or death of an ischaemic limb
may also precipitate the syndrome in one form or
another

Organ dysfunction often has an insidious onset. At an
early stage, subclinical organ dysfunction is often
suspected; at this stage active resuscitation and dealing
with causative factors such as a necrotic limb are likely
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SUMMARY

Box 2.3 Prevention and early treatment of

multiple organ dysfunction syndrome

General prevention

® Rapid resuscitation and early definitive treatment of
major injuries

® Good surgical technique

@ Appropriate use of prophylactic and therapeutic
antibiotics

® Early diagnosis and treatment of infective surgical
complications, e.g. leaking anastomoses

@ Early and thorough excision of necrotic and infected
tissue

Prevention for at-risk patients and treatment of early

signs

® Rapid cardiovascular resuscitation and prevention of
shock (minimise splanchnic ischaemia)

® Optimisation of oxygen delivery (measure arterial
PO, and pH and correct metabolic acidosis)

® Nutritional support via an enteral route (to nourish
enterocytes)

to have beneficial effects. By 7-10 days without effective
treatment, pulmonary failure (ARDS) and hepatic and
renal failure appear; MODS is now present and the
prognosis becomes substantially worse.

Prevention of sepsis and early management of major
gut-related infection before it provokes the SIRS cascade
is vital. Appropriate use of prophylactic antibiotics in
bowel surgery or trauma is important, but intraoperative
and postoperative errors in technique or clinical judge-
ment are major contributing factors in more than 50% of
patients with multiple organ dysfunction. Good clinical
judgement, effective resuscitation, good operative tech-
nique, effective excision of necrotic tissue, minimising
bacterial contamination and preventing accumulation of
postoperative fluid collections (serum or blood) are all
necessary factors in prevention. The purpose is to elimin-
ate the local environment in which bacteria multiply and
improve the delivery of host antibacterial defences.

Surgical complications with septic potential should be
treated early, usually by definitive surgery, e.g. removal

Systemic responses to surgery and trauma

of necrotic tissue (including amputation of necrotic lower
limbs), drainage of abscesses and control of peritoneal
contamination by exteriorising leaking anastomoses.
This helps reduce the circulating level of inflammatory
mediators and limits the period of stress. In many cases
it is better to perform a laparotomy on suspicion and
find it normal than to ‘wait and see’ and risk rapid
deterioration and death.

OTHER PREVENTIVE FACTORS IN AT-RISK PATIENTS

Adequate and early fluid resuscitation is essential in
patients with hypovolaemia, whether in trauma victims,
acute pancreatitis or bowel obstruction, because the loss
of intravascular volume leads to deficient tissue perfusion
(i.e. shock) and splanchnic ischaemia. Maintaining tissue
oxygenation is also vital; at-risk patients must have
arterial blood gases and pH estimated and be given
supplemental oxygen or assisted ventilation as required.
To help prevent intestinal bacterial translocation, entero-
cytes and colonocytes are best supported by enteral
feeding, if necessary by a feeding jejunostomy or a fine-
bore nasogastric tube. Glutamine, arginine and omega-3
fatty acids are believed to be particularly important
components.

TREATMENT OF SEPSIS AND MODS

Septic patients need managing and careful monitoring in
an intensive care unit. The longer the process continues,
the more widespread and irreversible the damage; the
sooner treatment is initiated, the better the chances of
success. The general principles of treatment include
search for and elimination of infective foci, appropriate
antibiotic treatment, fluid and blood maintenance,
oxygenation and enteral feeding. Treatment with new
drugs designed to manipulate the endotoxin-cytokine
axis has so far been unsuccessful, probably because the
agents need to be given at the onset of the cascade of
sepsis. Specific organ support is given as required; for
example, for ARDS and renal failure. Despite all of this,
the prospects for established MODS remain grim.

PATHOPHYSIOLOGY OF SHOCK

Shock is defined as acute circulatory failure of sufficient
magnitude to compromise tissue perfusion. Cellular

hypoxia and disruption of normal metabolic function, if

untreated, rapidly proceed to irreversible organ damage
and death. Shock may be encountered at any stage from
the acute emergency through to final recovery. Treatment
depends upon quick and accurate diagnosis.

There are three pathophysiological types of shock:
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namely, collapse of cardiac preload (hypovolaemia),
pump failure and collapse of peripheral resistance. Each

may occur in a variety of circumstances.

PRELOAD COLLAPSE

Preload is defined as the rate of return of blood to the
heart. Preload collapse may be due to an inadequate
volume of blood to fill the venous compartment, i.e.
absolute hypovolaemia (hypovolaemic shock) or relative
hypovolaemia due to a rapid increase in the volume of
the venous compartment relative to actual blood volume.
Preload collapse is responsible for about 75% of cases of
shock encountered in hospital and the majority of these
are due to hypovolaemic shock,

Hypovolaemic shock
l'he main causes of hypovolaemic shock are:

® ‘Revealed” haemorrhage, e.g. deep lacerations, large
haematemesis (vomiting of blood) from a peptic ulcer,
severe blood loss from a wound drain

® ‘Concealed’ haemorrhage, e.g. intra-abdominal
bleeding from ruptured spleen or aortic aneurysm,
haemorrhage from a duodenal ulcer into the small
intestine, intramuscular blood loss from multiple
Iractures

@ Extensive burns, resulting in massive loss of serum
into blisters or from surface weeping

@® Severe vomiting or diarrhoea, or fluid loss from small
bowel fistula

® Excessive urinary loss, e.g. diabetic ketoacidosis,
diuretic phase of acute tubular necrosis, powerful
diuretics

® Sequestration of fluid in bowel due to obstruction

® Massive loss of fluid into interstitial tissues, as occurs
in sepsis, or into the peritoneal cavity in acute
pancreatitis or generalised peritonitis

PUMP FAILURE (CARDIOGENIC SHOCK)

Cardiogenic shock results from any form of ‘pump
failure’, most commonly arising from an acute myo-
cardial infarction or an acute ventricular arrhythmia. The
condition can also be caused by cardiac valve prolapse
caused by a ruptured papillary muscle. A large pulmonary
embolus may also cause cardiogenic shock by obstructing
blood flow through the lungs, causing secondary cardiac
failure.

COLLAPSE OF PERIPHERAL RESISTANCE

Cardiac afterload or peripheral resistance is controlled
predominantly by the tone of the smooth muscle of

arteriolar and capillary sphincters. About 80% of
x.ﬂpl”.l!'lt'r-. are normally closed.

Septic shock

Systemic responses to severe Gram-negative infections
typically cause cardiovascular collapse or septic shock,
as described on page 29. Bacterial endotoxins activate
cytokine systems and other defensive mechanisms to
produce a variety of tissue effects which disrupt the
normally exquisite systems of regulation of microvascular
flow. This results in widespread endothelial damage,
extensive peripheral vasodilatation and greatly increased
capillary permeability with massive fluid leakage into
the interstitial or ‘third” space.

Anaphylactic shock

Anaphylactic shock is a generalised form of type I
hypersensitivity reaction, occurring in response to an
antigen to which the patient has previously become
sensitised. The antigen binds with antibody attached to
the surface of mast cells, triggering degranulation and
release of histamine and other vasoactive amines. The
predominant effect is extensive dilatation of the venous
compartment causing marked hypovolaemia. The
systemic effects are compounded by intense broncho-
constriction and often laryngeal oedema which effectively
halt ventilation.

In surgical practice, anaphylactic shock usually results
from drug administration, particularly via the intra-
venous route, penicillins being the most common culprit.
Anyone administering a drug should ensure the patient
is not known to be sensitive. Anaphylactic reactions may
also occur after intravenous injections of radiological
contrast media. Insect bites (wasps, bees and hornets)
and ingested nuts are also an important cause and may
be seen in the accident and emergency department.

CLINICAL FEATURES OF SHOCK

lhe essential feature of any type of shock is a precipitate
fall in arterial blood pressure with systolic pressure
dropping by some 40 mmHg from usual levels to less
than 90 mmHg, The immediate homeostatic response is
intense sympathetic activity and catecholamine release.
Fhe heart rate increases dramatically in an attempt to
increase cardiac output. Except in septic shock, there is
intense cutaneous vasoconstriction in an attempt to restore
intravascular volume by increasing peripheral resistance.
Sudomotor activity causes profuse sweating. The hypoxic
tissues revert to anaerobic respiration, producing lactic
acid sufficient to cause a metabolic acidosis, and the

respiratory rate rises in an attempt at compensation. The




clinical picture is a cold, white, clammy patient with a
rapid thready pulse and increased respiratory rate.

Septic shock presents a contrasting clinical picture in
which there is a cytokine-mediated peripheral vaso-
dilatation unresponsive to circulating catecholamines.
Ihe patient’s skin is hot and flushed and cardiac output
is increased to fill the dilated periphery. The pulse is
typically ‘bounding’ in quality. Temperature, however,
may be above normal or even below normal.

Without treatment, the circulation cannot Hll|.‘1|"|lt'1 the
main organ systems which fail (i.e. decompensate) one
by one. Pulmonary failure leads to ARDS, and cerebral
hypoxia soon causes confusion and eventually coma.
Inadequate renal perfusion causes a dramatic fall in
urinary output (oliguria) which, if not rapidly corrected,
leads to acute tubular necrosis. If shock persists, reduced
coronary flow and heart failure cause death. In septic
shock, organ damage is exacerbated by endotoxins and
deterioration is inexorable unless the source of infection
can be rapidly eliminated and effective support measures
instituted.

PRINCIPLES OF MANAGING SHOCK BY
RESUSCITATION

Whatever the cause, the aim is to restore tissue perfusion
and oxygenation by resuscitative measures while the
diagnosis is being made and the specific treatment begun.
I'he following steps are involved:

® Administer oxygen
® Obtain venous access and restore lissue pertusion
® Assess and monitor

RESUSCITATION
Oxygen

A mask delivering 100% oxygen should be immediately
secured. The comatose patient must be intubated and
positive-pressure ventilation commenced.

Venous access and tissue perfusion

An intravenous infusion should be set up immediately.
Unless cardiogenic shock is likely, the circulating volume
must be expanded rapidly. Plasma substitutes are prefer-
able as they tend to draw fluid by osmosis from the
extracellular tissues into the vascular compartment.

In a shocked patient, central and peripheral veins are
usually collapsed and venous cannulation may prove
difficult. Immediate central venous cannulation often
wastes time, and the most effective method for rapid
infusion is via bilateral cubital fossa cannulae. Use the

shortest and largest-bore cannulae available. Unless the
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doctor is experienced, a ‘cut down’ on the long saphenous
vein at the ankle may also waste time. Fluid should be
infused rapidly using an infusion pump and warmer if
available, being mindful of over-rapid infusion of cold
fluids. Once fluid is running, a tourniquet applied
proximally causes the veins to engorge and facilitates

insertion of a wider-bore cannula.

Assessment and monitoring
These involve the following procedures:

® Basic observations are made of temperature, pulse,
blood pressure, respiratory rate and level of
consciousness, monitored at frequent intervals;
bounding pulse and flushed extremities will suggest
the diagnosis of septic shock. Systolic blood pressure,
central venous pressure and hourly urinary output
are the most useful guides to success of resuscitative
eftorts

® History and context of the cardiovascular collapse,
along with a knowledge of the patient’s past medical
history and pre-existing medical state including
recent operations, will often be a valuable guide to the
cause of shock

® A general examination is performed quickly but
thoroughly to search for evidence of infection or
concealed haemorrhage, particularly within the
abdomen (e.g. ruptured aneurysm). A history of chest
pain or the finding of an elevated jugular venous
pressure suggests cardiac failure due to myocardial
infarction, a cardiac murmur suggests valvular
prolapse, and an expiratory wheeze is suggestive ol
anaphylaxis or cardiac failure

® An ECG is performed for evidence of myocardial
infarction or pulmonary embolism. Note that the ECG
changes typical of pulmonary embolism are only seen
in massive embolism

® A urinary catheter is inserted to monitor hourly
urinary output

® A central venous line is inserted to monitor central
pressure and the response to fluid administration

® Venous blood is taken for measurement of
haemoglobin, haematocrit, urea and electrolytes and
cross-matching of blood. An arterial sample is taken
for estimation of blood gas and acid-base status; blood
cultures are taken if septic shock is suspected. Blood

glucose should be estimated using reagent strips

SPECIFIC TREATMENTS FOR SHOCK
HYPOVOLAEMIC SHOCK

Identifying the cause of the fluid loss is top priority and
immediate measures should be taken to control blood
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loss, e.g. pressure on a swab over a bleeding wound, a
tourniquet for injured limb, laparotomy for ruptured
spleen. Fluid replacement should be equivalent to the
estimated fluid loss but adjusted according to the effect
on central venous pressure and urine output. Where
possible, fluids of similar composition to the fluids lost
should be used: whole blood for h.!vr'nnrrh.l;_:r. colloids
after major burns. As a principle, however, it is not what
is given but how quickly that matters. Fluids should be
given in a rapid bolus, e.g. 250 ml, and the response
observed. If inadequate, the bolus is repeated until shock
is controlled or other measures to control blood loss are
employed.

CARDIOGENIC SHOCK

I'he management of cardiogenic shock is best reviewed
in a medical textbook; the management of pulmonary
embolism (which may present as cardiogenic shock) is
discussed in Chapter 47, page 643. Fluid overload is a
significant hazard in cardiogenic shock and must be

avoided.

SEPTIC SHOCK

Systemic sepsis leading to septic shock usually emanates
from a spectlic tocus of mfection or from the patient’'s
own intestinal organisms. The source may be obvious
but, if not, a careful search must be made bearing in
mind the common sites. In surgical practice, septic shock
is most commonly seen either as a result of faecal
peritonitis following large bowel perforation or as a
result of anastomotic breakdown. In a patient who has
had bowel surgery, intraperitoneal sepsis is the prime
suspect but bladder or chest infection or an otherwise
‘silent’ infection of a central venous cannula is often the
cause. In previously hypovolaemic patients, endogenous
sepsis is often the cause. Debilitated patients, uncontrolled
diabetics and infants are particularly vulnerable to
sudden sepsis; in such cases the source of infection may
not be found. Gangrene of a leg is also a potent cause.

l'he damaging effects of poor organ perfusion in
septic shock are increased by direct and indirect endo-
toxic tissue damage. Treatment of septic shock is urgent
and involves fluid resuscitation, oxygenation, adminis-
tration of appropriate antibiotics and the tracing and
elimination of the source of infection.

Blood cultures must always be taken and intravenous
antibiotics administered on a ‘best-guess’ basis. Experience
has shown that a broad-spectrum combination of
gentamicin, benzylpenicillin and metronidazole is one of
the most effective regimens and can be modified later if
resistant organisms are isolated.

In the meantime, intravenous plasma expanders are
given and the rate and volume adjusted according to

blood pressure, central venous pressure and urine output.
Because of ‘third space’, i.e. interstitial losses, volumes
given may have to be large. Volume expansion helps
to sustain cardiac output and tissue perfusion. Corti-
costeroids are known to stabilise cell membranes but
evidence of their effectiveness in septic shock is lacking

If the diagnosis of septic shock is correct, resuscitative
measures should produce dramatic improvement in the
patient’s condition within 1-2 hours. By that time, the
patient should be ready for immediate operation if an
abscess or bowel perforation appears to be the cause. It
cannot be emphasised too strongly that the source of
infection must be urgently eliminated if the septic

cascade is to be reversed.

DISSEMINATED INTRAVASCULAR COAGULATION

Another major problem in MODS and septic shock is
generalised activation of the clotting cascade causing
intravascular coagulation (DIC). This
exhausts the supply of platelets and clotting factors V,

disseminated

VIII and fibrinogen (consumption coagulopathy) and
activates the intrinsic fibrinolytic mechanisms. It be-
comes manifest as spontaneous bleeding or bruising and
uncontrollable haemorrhage from any operation site
Diagnosis is made by finding low fibrinogen levels and
high levels of b dimers (cleaved from fibrin by plasmin
and evidence of fibrin lysis). Treatment includes manage-
ment of the initiating cause, administration of intravenous
heparin to arrest the coagulation process and infusion
of necessary clotting factors, e.g. fresh-frozen plasma,
cryoprecipitate.

ANAPHYLACTIC SHOCK

Anaphylactic shock, e.g. following intravenous drug
administration, requires urgent treatment. Adrenaline,
Iml of 1 in 1000 solution, is given subcutaneously,
causing generalised vasoconstricion and increased
cardiac output. Hvdrocortisone 200-500mg and an
antihistamine such as chlorpheniramine 10 mg are given
intravenously, the former stabilising the mast cells and
the latter blocking histamine receptors which mediate
much of the peripheral vascular response. Intravenous
fluids are needed to treat the hypovolaemia.

Because of the risk of anaphylactic shock, a doctor
should always administer the first dose of any intra-
venous agent, including radiological contrast agents and
radioisotopes, and a doctor should always be available
whenever parenteral drugs (including vaccinations) are
being administered. The doctor is legally responsible for
ensuring that resuscitation drugs and equipment are
immediately available and must check this beforehand,
particularly if working in an unfamiliar ward or

department




Principles of

blood transfusion

INTRODUCTION

The ability to transfuse safely blood and, to a lesser
extent, blood products revolutionised the management
of major trauma. It also facilitated extraordinary advances
in areas of surgery which involve heavy blood loss, such
as arterial reconstruction, open heart surgery and organ
transplantation.

Nevertheless, blood transfusion is not without risk-
for example, from transfusion reactions, transmission of
infection and potential immunosuppression in cancer
patients. The problem of infection has been tragically
highlighted by the development of human immuno-
deficiency virus (HIV)/acquired immunodeficiency syn-
drome (AIDS) in haemophiliacs and other patients after
unwitting transfusion of infected blood. Indeed, several
political scandals have arisen from high-level decisions
not to use up-to-date methods of testing or treating donor
blood for HIV.

Thus, to minimise potentially lethal effects, the
decision to transfuse blood products must be based on
clear indications and only after considering appropriate
alternatives, such as tolerating lower haemoglobin con-
centrations, using alternative infusions such as gelatin
for hypovolaemia, autologous transfusion techniques or
iron therapy for anaemia (see ‘Reducing the need for
bank blood transfusion’, p. 33)

The immediate advantage of transfusing stored blood
for replacing blood loss is that it remains within the
vascular compartment but it should be remembered that
most ‘blood’ for transfusion has had all useful components
other than red cells removed; white cells and platelets in
the transfused blood are virtually inactive and clotting
factors absent. The types of transfusion currently available
and the ;.;unum] indications for their use are as follows:

® Stored whole blood—less readily available now
because of the demand for blood products. Most
blood for transfusion is essentially red cells alone. For
substantial haemorrhage, e.g. trauma, major surgery,
bleeding peptic ulcer, concentrated red cells are often
given together with electrolyte or gelatin solutions

Packed or concentrated red cells—for substantial
haemorrhage (see ‘Stored whole blood” above) or for
raising haemoglobin where circulating volume is
adequate, especially if there is a risk of circulatory
overload, e.g. chronic anaemia with cardiac failure.
Most blood for transfusion is now offered in this form
Human albumin solution (formerly known as
plasma) available as 4.5% and 20% solutions—in
terms of efficacy, mortality and cardiorespiratory
function, there is little evidence that albumin
solutions are any better than plasma substitutes or
normal saline for resuscitating patients with burns,
traumatic or septic shock, or requiring large
perioperative volume replacement. Indeed, there is
substantial evidence that human albumin solutions
are associated with worse outcomes in some critically
ill patients. Thus use of albumin solutions should
probably be restricted to intensive care units for
occasional use in patients critically ill wit h
hypoproteinaemic oedema or respiratory distress
syndrome. Other uses are difficult to justify in the
absence of proven benefit, as albumin is expensive
and is derived from human donor blood
Fresh-frozen plasma (FFP)—separated from fresh
blood and then frozen, FFP contains near-normal
amounts of all clotting factors and other plasma
proteins. It is used to replace clotting factors
exhausted during major haemorrhage (due to a
combination of consumption of clotting factors by
attempted haemostasis and poor clotting ability of
stored blood). Transfusion of FFP should be
considered whenever bleeding is continuing and a
clotting screen is abnormal, or in patients rapidly
losing large quantities of blood. FFP is also used in
patients short of clotting factors for other reasons, e.g.
liver disease or for rapid reversal of coumarin-type
anticoagulants. (Note: FFP should be blood group-
compatible when possible.) Sater, cheaper products
should be used for simple volume replacement

Platelet concentrates—for platelet exhaustion during

major haemorrhage and in thrombocytopenia
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® Cryoprecipitate, fibrinogen and other specific clotting
factor concentrates—for various specific coagulation
deficiencies, e.g. haemophilia. These should only be
used in consultation with a haematologist

® Plasma substitutes—these are solutions of
macromolecules with colloid osmotic pressure and
viscosity characteristics similar to plasma. Gelatin
solutions (e.g. ‘Haemaccel’, ‘Gelofusin’) and etherified
starch solutions (e.g. Hetastarch) have now largely
replaced dextrans (‘Dextran-70) and are used for
initial restoration of circulating volume in
haemorrhage or burns and to maintain volume, blood
pressure and renal perfusion intraoperatively where
blood transfusion is not indicated

LABORATORY ASPECTS OF BLOOD
TRANSFUSION

BLOOD GROUPING AND COMPATIBILITY TESTING

Iransfusion of incompatible blood in respect of the major
blood group antigens (ABO factor) is potentially fatal
Transfusion practice has been developed to minimise this
risk and involves two main steps. Firstly, the patient's
ABO and Rhesus groups are established. Secondly, the
patient’'s blood (and each unit of donor blood) is
screened for antibodies. Alternatively, each unit of
group-compatible donor blood intended for transfusion
is cross-matched directly against the patient’s serum to
ensure complete compatibility. Fortunately, units of
donor blood are compatible at first cross-match in about
99% of cases, and it seems likely that cross-matching will
come to be regarded as unnecessary in the future; group-
compatible antibody-free blood can be safely used in
most cases without specific cross-matching. This would
allow supply from a prepared pool of transfusion units,
rather than necessitating the preparation of a patient
specific allocation, thus representing a saving in terms of
both time and cost.

After the transfusion of many units of blood (e.g.
massive haemorrhage from liver trauma), the patient’s
own antibodies are so depleted that further group-com
patible blood is usually given without cross-matching. In

an emergency (e.g. obstetric haemorrhage at home) where

group-compatible blood is not available, then group O,
Rh negative blood can be given with comparative safety,
but there is a long-term risk of antibodies developing,

which makes future cross-matching difficult

STORAGE AND USEFUL LIFE OF BLOOD

Blood and blood products have exacting requirements if
their quality is to be preserved. Maintaining blood
quality is essentially the responsibility of the supplying

laboratory; the value of blood and blood products is

easily diminished if they are handled inappropriately
thereafter

Blood is stored chilled between 2 and 4°C, when it
has a shelf-life of about 5 weeks. With developments in
preservative solutions (e.g. CPD-A) there is little deterio-
ration of red cell quality during storage but pH changes
occur, potassium leaches out of the cells and clotting
factors diminish. Blood must not normally be frozen,
although expensive techniques for freezing patients’
own blood in glycerol for later autotransfusion have
been developed for patients with rare blood groups or
unusual antibodies and, latterly, for preventing blood-
borne viral infections in certain important people

travelling in high-risk areas.

lo ensure vitality, blood should not be removed from
the laboratory or theatre refrigerator until immediately
before use, If blood has been out of the refrigerator for
more than 30 minutes and has not been transfused, it
should be returned to the laboratory unused. Indeed, all
unused blood should be returned to the laboratory as
soon as it becomes apparent that it will not be required,
as it may still be suitable for another patient. Empty used
blood packs are often retained for 24 hours so that they
can be examined and tested in the event of a transfusion

reaction.

BLOOD TRANSFUSION IN CLINICAL
PRACTICE

BLOOD TRANSFUSION AND ELECTIVE SURGERY

Alttitudes to transfusion in elective surgery are becoming
more conservative. Blood is an expensive commodity,
and its use is not risk-free. In elective surgery, patients
usually fall into one of three categories: transfusion not
anticipated (e.g. hernia repair), transfusion possible but
unlikely (e.g. cholecystectomy), and transfusion probable
(e.g. major arterial reconstruction). For patients in the
second category, a blood sample should be sent in
advance for ABO and Rhesus grouping and antibody
screening, and the serum retained in the laboratory for
further compatibility testing if required later (‘group and
screen’). For patients in the third category, an appropriate
number of units of blood is requested to be available for
transtusion at the time of operation. In this case, the
blood group and antibody screen is performed on receipt
of the request and the blood is prepared a day or so
before operation. If blood is then transfused and a further
transtusion is required more than 2 days later, a new
blood sample is needed for testing as new antibodies
may have developed

To guard against the disaster of blood being given to
the wrong patient, scrupulous attention must be paid to
correct and complete labelling of blood samples which
are sent for grouping and cross-matching. Immediately
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before transfusion, the label of each unit of the supplied
blood must be carefully checked against the identity and
blood group of the patient.

VOLUME AND RATE OF TRANSFUSION

'he volume of blood required and the rate of transfusion
depend on the age of the patient, the indications for
transfusion and the patient’s general and cardiovascular
condition.

Haemorrhage

Haemorrhage can be clinically classified according to the
response to initial colloid or crystalloid resuscitation, If
there is no response, such as in torrential obstetric
haemorrhage from placenta previa, group O Rh negative
blood is transfused as fast as necessary to maintain
adequate blood pressure (i.e. systolic above 100 mmHg)
and a positive central venous pressure. If there is a
transient response, there may be time to check the blood
group and employ group-specific blood transfusion early
on. If the resuscitation response is appropriate to the
blood loss, blood should be sent for group and screen;
immediate transfusion is not indicated.

[f rapid transfusion is required, an inflatable bag sur-
rounding the fluid or blood pack can be used to increase
the pressure. If many units are to be given, or the blood
is for neonates or small children, it should be warmed by
passing it through a special blood warming device.

Anaemia

Surgery can generally be performed on a patient whose
haemoglobin is greater than 10g/dl; compensated
anaemia in a young person down to 8g/dl may be
tolerated with no significant increase in morbidity or
mortality. Older patients are less tolerant of this level of
anaemia unless the anaemia is chronic and little surgical
blood loss is L'\Pt'L't\'Li. If I‘i't'upt‘l'.lti\u transfusion is
needed, it should be given at least 2 days beforehand
T'his maximises the beneficial effects of the blood and
permits fluid balance to stabilise. One unit of blood
(450 ml blood + 63ml preservative and anticoagulant
solution) will raise the haemoglobin concentration by
approximately 1g/dl in an adult and is typically
transfused over 3—4 hours. If a large amount of blood is
required to treat anaemia, it is best to use packed cells
and to transfuse slowly.

REDUCING THE NEED FOR BANK BLOOD
TRANSFUSION

Deaths and serious reactions still occur from incompatible

blood transfusions (particularly when blood products

Principles of blood transfusion

are administered under general anaesthesia). In addition,
serious infections such as human immunodeficiency
virus (HIV) can be transmitted from apparently fit
infected donors with chronic latent carrier states, despite
careful screening of donors and donations. The risks ol
side effects and complications increase in line with the
number of units transfused. Risks can be reduced by
rigorous scrutiny and monitoring of the indications for
transfusion and by developing locally recommended
blood ordering schedules for particular operations.

Autologous blood transfusion

Other methods of reducing bank blood transfusion
involve ‘recycling’ the patient’s own blood (autologous
transfusion) by one of the methods described below.

Pre-donation of blood

In a pre-deposit programme, up to 4 units of blood can
be collected at weekly intervals from a patient for whom
major elective surgery is planned. Pre-donation can be
safely achieved even in the elderly and those with cardiac
disease. In the USA, such is the fear of transmitted
infection that about 5% of blood now collected is for
autologous transfusion. There are several drawbacks: the
collection, storage and checking system is costly and
complicated to administer and patients must be prepared
well in advance of operation. Up to 40% of cases require
additional donor blood, and about 50% of units collected
are never used. There also remains the potential risk
from clerical errors. Erythropoietin may be administered
to increase the bone marrow response and allow a shorter
donation programme but at present it is too expensive
for routine use. Unfortunately, cancer surgery does not
lend itself to pre-donation owing to the potential risk of
transfusing malignant cells back into the circulation. Pre-
donation is, however, ideal for patients due to undergo

major vascular surgery.

Normovolaemic haemodilution

Normovolaemic haemodilution involves collecting blood
from the patient immediately prior to surgerv and re-
placing it with colloid. This has the advantages ol
autologous transfusion without the disadvantages ol
pre-donation or the use of cell washing and collecting
equipment. Up to 2 litres of blood can be removed safely
from adults without cardiac disease immediately before
an operation and replaced with colloid. The procedure
reduces the venous haematocrit and increases cardiac
output. When about 300 ml of low-haematocrit blood
have been lost at operation the normal haematocrit
autologous transfusion is commenced. If blood loss is
less than 2 litres, additional blood is rarely needed. The
procedure is inexpensive, convenient for the patient and
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flexible as regards operation scheduling. The blood is
fresh and contains viable platelets if kept at room
temperature. It also contains significant levels of labile
clotting factors. The technique has been used extensively
in cardiac and vascular surgery but could be extended to

other types of surgery

Blood salvage techniques

This approach involves blood spilled at operation being
collected by suction, processed and reinfused. In manual
salvage, blood from suction or postoperative drainage is
collected into a reservoir containing anticoagulant before
being reinfused via a fine filter. This technique has been
used most frequently in orthopaedic surgery.

blood

loss which is uncontaminated by bowel contents, e.g.

In cases of acute massive intra-abdominal
multiple trauma or liver transplantation, an automated
cell saver can be used. Salvaged red cells are washed,
concentrated and resuspended in physiological solution,
then reinfused as required at a packed cell volume of
50%. Homologous blood and blood products are often
needed in addition, but the number of units of blood
used is much reduced. By this method, losses of over
100 units have been recycled. Blood salvage using cell
savers is generally only cost-effective where large numbers
of operations requiring large volumes of blood are per-

formed in the surgical centre.

HAZARDS AND COMPLICATIONS OF
BLOOD TRANSFUSION

FEBRILE REACTIONS

Fever during blood transfusion is common and is
usually due to non-red-cell immune incompatibility, e.g.
proteins, white cells. If the fever is less than 38°C then
If the

tever is higher, or there are systemic symptoms (e.g.

the transfusion should be allowed to continue
chills or rigors), then the transfusion should be stopped
tor 30 minutes. If the fever returns, the blood must be
returned to the laboratory for testing. In most situations,
febrile transfusion reactions are due to leucocvte and not
red cell incompatibility

HAEMOLYTIC REACTIONS

Massive haemolysis will occur if there is major ABO
incompatibility, although this is thankfully rare. A lesser
degree of haemolysis is associated with incompatibility
in minor determinants. Almost all haemolytic reactions
are caused by human error in transfusing incompatible
blood. The clinical features of a haemolytic reaction are

summarised in Box 3.1. Diagnosis is confirmed by finding

KEY POINTS
Box 3.1 Clinical features of a haemolytic
transfusion reaction
® Rapidly developing pyrexia at onset of transfusion
® Dyspnoea, constrictive feeling in chest, intense
headache
Severe loin pain
Hypotension
Acute oliguric renal failure with haemoglobinuria
(due to obstruction of tubules with haemoglobin,
hypotension causing acute tubular necrosis)
® Jaundice (developing hours or days later)
® Disseminated intravascular coagulation with
spontaneous bruising and haemorrhage (e.g.
cerebral, gastrointestinal)

hyperbilirubinaemia and a positive Coombs test and by
demonstrating an antibody on repeat screening. With
massive intravascular haemolysis, haemoglobinaemia
and haemoglobinuria may be found. The transfusion
must be halted immediately and the patient resuscitated.
Oliguria is treated by osmotic diuresis (e.g. mannitol),
aided by a loop diuretic if appropriate.

ALLERGIC REACTIONS

Allergic reactions to transfusion are occasionally seen
and manifest as fever, pruritus (itching), skin rashes,
wheals or angio-oedema (periorbital, facial and laryngeal
swelling). These tend to appear either towards the end of
transfusion or else some time later. Transfusions still in
progress should be discontinued and symptoms treated
with antihistamines.

INFECTION

Infection may arise from three sources: the donor, con-
tamination during the process of blood preparation and
storage, or the giving set or cannula site (see Fig. 3.1
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Infections transmitted by donor blood or blood
product transfusion

Donated blood can now be screened for most significant
transmissible infectious agents. Many of the tests, how-
ever, rely on detecting antibodies to viruses and there-
fore do not detect rec L‘I‘lll_\ J(quirul disease where
insufficient time has elapsed for the antibody response to
L{l'\t'!l'[“.

transmitted

Donor infections are most likely to be

when a chronic latent carrier state can exist in the donor

Examples include:
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@ Viral infections—hepatitis B, C, and D; HIV | and II;
human T-cell lymphotropic virus (HTLV) [;
cytomegalovirus; Epstein-Barr virus

® Bacterial infections—syphilis, brucellosis

® Protozoal infections—malaria, Chagas’ disease, and

babesiosis

The most important of these infections are discussed

below.

Hepatitis viruses

The ‘Australia antigen’ was discovered in the 1960s,
together with its association with the transmissible agent
for hepatitis B. This antigen was later identified as the
hepatitis B virus (HBV) surface antigen (HBsAg). Donors
have been screened for hepatitis B since the late 1960s by
all transfusion services in the developed world and this
has dramatically reduced the incidence of transfusion-
related hepatitis B. Despite screening, infections occasion-
ally occur because very low concentrations of antigen
cannot be detected. Thus patients needing multiple
transfusions or blood products should be vaccinated
against hepatitis B. HBV is present in the plasma and is

transmitted by all types of blood product except those
subject to viricidal treatment.

For hepatitis B, the surface antigen HBsAg may be
absent early after infection but appear later. However,
transmission of hepatitis B by screened blood is
UNCOMMOn.

Hepatitis C, formerly known as ‘non-A, non-B
hepatitis’, used to be transmitted twice as often via blood
transfusion as hepatitis B. The illness of hepatitis C is
often mild, but up to half of all cases progress to chronic
hepatitis (10% for hepatitis B) and 10% develop cirrhosis
or hepatoma or both. Since 1991, all donations in the UK
have been screened for ]11‘}L1lili.~= C and the incidence of
post-transfusion hepatitis C has fallen from 1.3 to 0.1 per
1000 units transfused.

Human immunodeficiency virus

In 1981, the HIV epidemic and its link with blood trans-
fusion began, with reports of opportunistic pneumonias
in homosexual men and haemophiliacs. By the mid-
1980s, the risk of HIV transmission via transfused blood
in the USA was as high as 1 in 2500. Transmission via
blood transfusion associated with surgery has been rare
in the UK. Haemophiliacs were much less fortunate,
being infected via clotting factor VIII preparations
imported from the USA.

In the UK, all blood donors and donations have been
screened for HIV antibody since 1985, About 1 in 10000
donors is found to be HIV-positive, with new donors
about four times as likely, Seropositivity implies there
would be a 90% risk of HIV transmission via blood
donation. Current HIV antibody detection methods are
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very reliable but there is a period lasting 1-3 months
after infection when antibody may be undetectable. The
most effective method of reducing the risk in countries
where donors are unpaid is donor self-exclusion. Potential
donors have the risks of infection transfer explained and
are asked not to donate blood if they know they have
transmissible infections or fall into high-risk categories,
e.g. intravenous drug users, promiscuous homosexuals.
When combined with a low prevalence of HIV in the
donor pool (as in the UK), the risk of transmitting HIV
via a screened blood or blood component donation is
small but not negligible. The risk has been estimated at
about 1 in a million units transfused.

A second virus, HIV-11, is prevalent in West Africa and
has been screened for in the UK since June 1990,

Cytomegalovirus

Infection with cytomegalovirus is widespread, the virus
remaining latent in leucocytes. The risk of infection is
important only in immature neonates and immuno
suppressed patients who are CMV-seronegative o
minimise the risk, donated blood for these groups
should be screened for CMV-specific antibody and the
donation can be leucocyte-depleted in the haematology
laboratory prior to transfusion.

Protozoal infection—malaria

Iransfusion-transmitted malaria occurs but remains rare
in developed countries. In endemic areas, however, it
is common and the majority of healthy blood donors
will be potentially infectious The disease should be

considered if a patient becomes ill after transfusion.

Contamination of blood or giving sets with
microorganisms

Low-grade contamination of blood packs from the
environment rarely has serious consequences because of
the low temperatures of blood storage and the sell-
sterilising properties of blood. However, microorganisms
may proliferate if storage conditions are inadequate or
blood is left unchilled before transfusion.

Transfusion of bacterially infected blood, however, is
rare but it can be catastrophic, leading to death within a
very short time. Gram-negative aerobic bacilli, particu-
larly Pseudomonas and Salmonella species, have been
incriminated. The presence of exotoxins or endotoxins
may also lead to life-threatening complications

Giving sets may become contaminated unless strict
aseptic technique is maintained during the setting-up or
changing of anv component of transfusion equipment
Finally, peripheral intravenous cannulae, and particularly
central venous lines, may become infected by opportunistic

skin commensals (e.g. coagulase-negative staphylococci)

or contaminating pathogens (e.g. Staphylococcus aureus,
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Escherichia coli) causing local infection (see Fig. 3.1),
bacteraemia or even septicaemia. Cannula sites should
be inspected daily and changed every 2 days. The same
vein can then later be reused for a new infusion. In a
patient with a central venous line and a pyrexia of
unknown origin, the line should be removed and tested
bacteriologically

l'he clinical result of transfusing a bacterially contami-
nated donation resembles that of a haemolvtic reaction,
with fever, chills, hypotension, nausea and vomiting,
oliguria and disseminated intravascular coagulation.
Mortality is around 35%. If a patient develops adverse
symptoms, investigations should include culture of the

e

il

Fig. 3.1 Infected cannula site at the wrist

patient’s blood and the blood product as well as re-
checking compatibility.

IMMUNOSUPPRESSIVE EFFECTS OF BLOOD
TRANSFUSION

Blood transfusion has been demonstrated to have a
potential for immunosuppression which may influence
recurrence of certain cancers, particularly colorectal, and
may also have an adverse influence on postoperative
infection rates. Nevertheless, the data is conflicting and
as yet there is insufficient evidence of an important

clinical effect

FLUID OVERLOAD

Fluid overload is rarely a problem of blood transfusion
in healthy adults but may easily develop if the cardio-
vascular system is already compromised or if particularly
large volumes are given or when transfusing babies and
small children

ACUTE RESPIRATORY DISTRESS SYNDROME

I'his may be due to anti-Fc-receptor antibodies or possibly
to multiple microemboli of platelet and leucocyte
aggregates. The latter is prevented by the use of a blood
filter.
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INTRODUCTION

Many patients die because of failure of a single organ
system such as the kidney, liver, lungs or heart, but if the
function of the failing organ could be restored, the
patient would have the chance of returning to near-
normal health. It is not surprising that physicians from
early times have turned their attention to replacing the
function of failing organs in the most direct manner, by
transplanting a healthy organ from another human or an
animal of another species.

I'he scene was set for clinical organ transplantation
early in the 20th century by Alexis Carrel who was
awarded the Nobel Prize for Physiology and Medicine in
1912 for his pioneering work with Charles Guthrie in
vascular surgery and transplantation. Carrel, working
with laboratory animals, found that autografts (removing
and reimplanting an organ into the same animal) could
be expected to function indefinitely whereas allografts
(organs transplanted between animals of the same
species) rarely functioned for more than a few days.
Early attempts at transplantation in man used xenografts
(transplantation of tissues between different species) to
transfer renal tissue from pigs, goats, rabbits and apes;
these were uniformly unsuccessful

The key to organ transplantation lay in the developing
field of immunology with recognition of the mechanisms
involved in graft rejection and the elaboration and
application of techniques to minimise or prevent it. The
first clinically useful transplant for humans involved pig
heart valves. These consist of simple avascular tissue
which can be treated to render it non-immunogenic so as
to avoid rejection. Porcine cardiac valve transplants have
been used regularly in humans since the mid-1970s.

Progressive developments in chemical immuno-
suppression to attenuate graft rejection have allowed
successful grafting of many organs and tissues (see Table
4.1). Transplantation of the human cornea, kidney, liver,
pancreas, heart, heart and lung, single or double lung
and bone marrow is now accepted as standard, although
by no means free of rejection and other complications.

Table 4.1 Numbers of transplants performed during
1990 and 1997 in Europe and the USA

Organ

Europe USA
1990 1997 1990

2134 ¥
Liver 2139 4091
Pancreas 226 1063
Intestine 0 G0

Promising results are now being obtained with small
bowel transplants and composite grafts (known as
cluster grafts) of several abdominal organs and some-
times the heart as well, although these are still to some
extent experimental. The development of a state of
tolerance between the graft and the host of a transplanted
organ remains the goal of transplant surgeons and
immunologists.

TRANSPLANT IMMUNOLOGY
MAJOR HISTOCOMPATIBILITY COMPLEX

Most tissue cells have a number of different surface
glycoproteins which, if transplanted from one individual
to another, excite a response from the recipient’s immune
system. These histocompatibility antigens are recognised
by the recipient's immunocytes and the response
generated involves both cell-mediated and humoral
mechanisms. These responses cause destruction of the
transplanted cells.

Each individual has a number of histocompatibility
antigens but only one group is responsible for major
graft rejection problems. These major histocompatibility
antigens are coded for by a set of genes known as the
major histocompatibility complex (MHC). In humans,
the MHC is located on a segment of the short arm of
chromosome 6. It is present in all cells but, as it was first

discovered in leucocytes, it is known as the HLA
complex (human lymphocyte antigen system A). Within
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the human MH(

been described, class | and class 11 antigens, which have

two major groups of anbigens have

different structures and specificities. The principal class |
loci are known as the A and B antigens and the principal
class 1l loci are the DR antigens. Since each individual
receives one set of genetic information from each parent
there are thus six principal loci (two each for A, B and
DR) and two individuals can differ at any or all of these
loci. Certain HLA types are known to be associated with
particular autoimmune disorders, notably ankylosing
spondylitis and coeliac disease, although the reasons are
unknown

TISSUE TYPING

HLA typing of individuals is used to match the donor
and recipient as closely as possible. In kidney trans-
plantation, when donor and recipient are identical at all
six loci or differ by only one A or B antigen, this has been
shown to result in significantly improved graft survival;
these grafts are known as beneficial matches. A national
transplant sharing system exists in most developed
countries to match donor and recipient as closely as
possible. Tissue typing is usually performed serologically
using specific antisera. More recently, increased accuracy
using DNA fingerprinting has become possible but
the technique is still too slow for use in clinical
transplantation

lhe pattern of inheritance of tissue types within
families shows that each child receives one set of genetic
information (haplotype) from each parent; siblings have
a 1 in 4 chance of being haplo-identical and a 1 in 2
chance of having one haplotype in common. Fully HLA-
matched sibling donors give the best chance of graft
survival, followed by those with one haplotype in
common. Other than the special case of monozygotic
twins, there is still some rejection in HLA identical grafts
between siblings owing to differences in minor histo
compatibility antigens. ABO blood group compatibility
is an obvious prerequisite for organ transplantation
which must not be overlooked in the search for ever
closer HLA matching.

IMMUNOSUPPRESSION

With all major organ transplants, even if there is full
HLA compatibility, the recipient’'s immune response
must be suppressed if rejection and graft loss are to be
prevented. Therapy needs to be continued indefinitely,
although dosage can usually be progressively reduced to
maintenance levels following initial high-dose induction
therapy. This is because a partly tolerant state is

established as the host-versus-graft response diminishes.

Immunosuppressive drugs are employed in various

combinations, the most common being prednisolone,
azathioprine and cyclosporin. In many cases, polyclonal
or monoclonal antilymphocyte or antithymocyte globulins
are added in the initial induction period. These drugs
inevitably suppress lymphocyte proliferation, antibody
production and inflammation in varying degrees, and
complications include impaired healing, peptic ulceration,
vulnerability to infection, bone marrow -11ppr<'-aiun
and occasionally development of malignancy (especially
Epstein-Barr virus-related lymphoproliferative disorders).
Cyclosporin  represented a major advance over the
earlier combination of azathioprine and steroids but has
significant side effects of its own in the form of
nephrotoxicity and an occasional tendency to produce
hirsutism

In the continuing search for better immunosuppressive
agents, a variety of new drugs have been produced as
well as new improved forms of cyclosporin. These are
currently being
including deoxyspergualin, mizorbine, RS 61443 and
the macrolides FK506 and rapamycin.

evaluated along with several new agents

GRAFT REJECTION

Graft rejection remains a major problem and can present

in several ways,

Hyperacute rejection

'his occurs within minutes or hours of transplantation
and results from the presence of preformed antibodies,
either due to previous t|'.111-.Pldl‘|i.'llinn, blood transfusions,
pregnancies or ABO incompatibility. The presence of
these antibodies can be detected if a cross-match is
performed using serum from the potential organ
recipient and cells from the donor.

Acute rejection

This cell-mediated response is common and usually
occurs within 2 weeks in first-time grafts; it can usually
be reversed by a temporary increase in immuno-
suppression, usually in the form of a short course of
high-dose steroid treatment or a brief course of anti-

lymphocyte globulin

Chronic rejection

I'his occurs months to years after transplantation and is
probably the result of antibody-mediated rejection which
can occur even in the face of long-term immuno-
suppression. It is often associated with gradual occlusion
of arteries in the graft.




PRACTICAL PROBLEMS OF
TRANSPLANTATION

SOURCES OF ORGANS FOR TRANSPLANTATION

Most tissues for transplantation are derived from
cadaveric donors, with the organs removed from the body
as soon as possible after death has been diagnosed. Any
previously fit subjects who become brain-dead following
head injuries or intracranial vascular catastrophes are
potential donors of intra-abdominal or intrathoracic
organs. Victims have usually been resuscitated from the
outset with the circulation and respiration being main-
tained artificially. From such ‘heart-beating” donors,
multi-organ donation procedures allow all appropriate
organs to be removed and maintained in optimal
condition for transplantation. Non-heart-beating donors
can be used for bone, skin and corneal donation and the
kidneys may still be suitable for transplantation if they
can be removed rapidly following cessation of the
circulation.

In the case of kidney transplantation, living related
family members may be donors; this gives excellent
results although it has gained greater acceptance in the
United States than in the United Kingdom. The risk to
the donor is slight and the donor’s remaining kidney
hypertrophies over succeeding months, restoring renal

reserve to Ilt';ll'-ll\ll'[‘l'l.ll.

‘BRAIN DEATH'

In many countries, criteria have been established to form
a legal definition of brain death following irreversible
brain stem injury even in the presence of a continuing
intact circulatory system, Once these criteria have been
satisfied, and with the appropriate consent from relatives,
the subject becomes eligible for ‘heart-beating’ organ
donation. The legal criteria for brain death in the UK are
summarised in Box 4.1; similar criteria are used in other
countries

The diagnosis of brain death is made on the basis of
clinical criteria in the UK. Electrocardiography, cerebral
blood flow and other neurophysiological tests are not
required. Appropriate clinical examination must be
performed by two senior doctors independent of the
transplant team and must be repeated at least twice.

CONSENT

[t is usual to seek the agreement of the relatives and to
determine whether the potential donor expressed any
objection to donation during life. The matter is simplified
if the potential donor carries a donor card or has left
other written instructions known to the family. The
personal difficulty many doctors face in informing
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KEY POINTS

Box 4.1 Legal criteria for diagnosis of brain death
(UK) _
1. There must be a positive diagnosis of severe
structural brain damage
2. The condition causing brain damage must be
irreversible
3. There must be complete loss of brain stem
function—evidenced by fixed pupils, no
spontaneous eye movements or response to caloric
testing, absent corneal, eyelash and blink reflexes,
absent laryngeal and cough reflexes, and no
response to deep painful stimuli (note: some spinal
reflexes may be retained despite brain death)
On removal of ventilatory support, there must be
no spontaneous respiratory activity in the presence
of a physiologically adequate increase in PCO,
5. Any possible effects of hypothermia and drugs (e.g.
muscle relaxants, respiratory depressants, alcohol)
must be excluded

P

relatives of the death of a loved one is compounded by
having to request organ donation at the same time.
However, the doctor’s difficulty can be eased by the
know 1(‘ij_',t' that the bereaved often r_;.‘iil‘l comfort trom
knowing that other lives will be saved by the donated
organs and this gain can be set against their own loss,
Awareness of the potential gains and benefits of
transplantation can be increased by education and easy
availability of information for the public and for the

medical profession.

ORGAN PRESERVATION AND TRANSPORT

Donors are often located in hospitals many miles away
from where the recipient operation is to be performed.
There may also be delay in getting the recipient into
hospital and ready for operation. As a result, the organ
to be transplanted will usually be removed from the
donor some hours before transplantation; reliable
techniques for organ preservation have of necessity been
developed. Hypothermia reduces the metabolic demands
of the organ and is the mainstay of effective organ
preservation. The period of warm ischaemia between
circulatory arrest and cooling by perfusion with ice-cold
preservation fluid must be kept to a minimum if
irreversible damage to the organ is to be avoided. For
kidneys, normal function will usually recover if warm
ischaemia does not exceed 40-60 minutes but this is at
the cost of a post-transplantation period of greatly
impaired function due to acute tubular necrosis during

which continued haemodialysis support is required. For
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the liver and heart, immediate function after trans-
plantation is essential and warm ischaemia must be
avoided.

I'wo basic methods are used for preserving organs

between donation and transplantation:

® Simple cold storage. The organ is flushed with ice-
cold preservation solution and stored at 0-4°C on ice
Using specially formulated preservation solutions
with agents designed to counter hypothermic cell
swelling, it is now possible to store kidneys in this
way for 24-36 hours, livers for 12-18 hours and hearts
for 4-6 hours

® Continuous oxygenated hypothermic pulsatile
perfusion using special colloid-based (starch, plasma
or albumin) solutions. This technique is more
complex and expensive but enables kidneys to be
stored for 2-3 days; the equipment is portable and can
be used during transportation but the technique has
not been extended to clinical preservation of other

argans

SPECIFIC ORGAN TRANSPLANTS
KIDNEY TRANSPLANTS

Kidney transplantation is the longest established and
most widely practised of solid organ transplants. It offers
a substantial improvement in quality of life for patients
with end-stage chronic renal failure who are otherwise
faced with twice- or thrice-weekly haemodialysis or a
regimen of continuous daily treatment using chronic
ambulatory peritoneal dialysis. Donor organs can be

Transplanted kidney

Donor renal artery — b
‘/f\‘\:

Donor renal vein .0 SN <
ml‘\\

Ureter

Fig. 4.1 Renal transplantation

he usual site tor the transplanted kidney

obtained from any otherwise healthy donor up to about
70 years of age
I'he kidney

the

1s transplanted into an extraperitoneal

iliac and the renal vessels are

location in fossa

1

anastomosed to the iliac artery and vein (see Fig. 4.1)

lhe ureter is implanted into the bladder using an
intramural tunnel to prevent reflux. The non-functioning
kidneys are usually left in situ unless infected or causing
in!rll.ilml\_u-.ihln-l:\'l\z-T‘h'w-inn

lhe signs of early acute rejection of the kidney are
oliguria, proteinuria, and pain and tenderness of the
transplanted kidney. Luckily, this relatively common
form of rejection can usually be reversed easily. Overall
results of renal transplantation have steadily improved
owing to more effective Imn;._'_—lvrm 'rmmunn_qupprt--‘q.m
and better-quality organs from ‘heart-beating’ brain-
dead donors or living related donors. The survival rate
of transplanted kidneys may be as high as 90-95% at
| year. This falls by 5-10% each year thereafter although
there is evidence that the beneficial matching policy now
gratt atiribion rate caused by

in use may reduce the late

chronic rejection.

HEART AND LUNG TRANSPLANTS

Cardiac transplantation has become a standard treatment
tor patients with ischaemic heart disease that is not
amenable to coronary artery bypass grafting, as well as
for patients with certain L'.n\hc!m\updthiiu-. A standard
operative technique has been established employing
orthotopic placement of the organ, ie. replacing the
the same anatomical location. The

diseased organ in

External iliac artery

= External iliac vein

3 Bladder

tween donor renal artery and vein and (liac irtery and vein and




donor atria and graft vessels are sutured directly to those
of the recipient. Monitoring for L'M'l_\' rejection rvqnin-a
regular right-heart catheterisation and endomyocardial
biopsy

Using immunosuppressive protocols similar to those
for kidney transplantation, the results of cardiac trans-
plantation are now excellent, although the limited
number of available donor organs mean that cardiac
transplantation is unlikely ever to be available for all
those that could benefit. Novel techniques of genetic
engineering have raised the possibility of rearing animals
such as pigs with a specially engineered genetic make-
up to allow xenografts to be performed successfully. No
such transgenic transplants have yet been performed in
humans.

Combined heart and lung transplants are now also
accepted as a standard trealment for patients with
certain irreversible lung diseases such as cystic fibrosis,
and excellent results are now obtained in specialist
centres. Many cases have secondary heart disease and
require a combined heart-lung transplant but in some
cases the recipient’s heart may be healthy and can be
transplanted into another patient; this is known as the
domino heart procedure. Single or even double lung
transplants are now also performed successfully in care-
fully selected patients with chronic respiratory failure.

LIVER TRANSPLANTS

The indications for liver transplantation are end-stage
non-malignant parenchymal liver disease, acute hepatic
failure and certain inborn errors of hepatic metabolism.
In children, liver-based inborn errors of metabolism and
biliary atresia are the most common indications for
transplantation, and the operation often needs to be
performed during early infancy. Primary liver malig-
nancies such as cholangiocarcinoma and hepatocellular
carcinoma as well as liver metastatic disease are no
longer accepted as indications for liver transplantation
as malignancy inevitably recurs early after transplantation
in the immunosuppressed patient

The problems of rejection of the liver are less than for
kidney transplantation but the operation is a more
challenging undertaking. Most patients have advanced
liver disease with disordered coagulation and often
severe portal hypertension. A team approach has evolved,
with close cooperation between surgeons and specialist
liver transplant anaesthetists. The diseased liver is
removed and the new liver put in its place, the vena cava,
portal vein and hepatic artery being reanastomosed in
turn. Careful surgical technique combined with skilled
anaesthetic monitoring and intraoperative replacement
of clotting factors has transformed the procedure and

average blood losses are now only about 3 litres per case.

Principles of transplantation surgery

Results have improved greatly since the first liver
transplant procedure in 1963 and 1-year patient survival
rates of 75-85% are now standard. For paediatric cases,
the problem of inadequate supply of donor organs has
been solved by using reduced-size liver grafts. Either a
lobe or a segment from a full-size adult organ can be
transplanted thus allowing disparities in size of up to 10
to 1 between donor and recipient. In a few cases, a liver
has been successfully divided so that two recipients have
received grafts from a single donor organ.

Fhe late graft attrition rate for liver transplants
appears to be much lower than for kidney grafts even
though matching is by blood group only without use of
tissue typing. The “Achilles heel” of liver grafting remains
complications with the bile duct anastomosis. This can
be performed using a direct duct-to-duct anastomosis
or a roux en Y loop but despite meticulous surgical
technique, the complication rate from biliary strictures or
leaks remains in the 10-15% range.

PANCREAS TRANSPLANTS

Pancreas transplantation offers the tantalising hope of
providing a cure for diabetes, thus avoiding its many
late complications. These include myocardial ischaemia,
peripheral vascular disease, peripheral neuropathy,
nephropathy leading to renal failure and retinopathy
leading to blindness. The pancreas presents a particular
problem as the gland combines both endocrine and
exocrine function. The currently favoured technique
involves transplanting the whole pancreas with a small
segment of duodenum. The graft is placed in the pelvis
and anastomosed to the iliac vessels in the same way as
a kidney graft. The attached duodenal segment is
anastomosed to the urinary bladder allowing the exocrine
secretions to drain into the urine. This technique has the
added advantage that graft function can be readily
monitored by measuring urinary amylase. Falling
amylase levels provide an early indicator of rejection.
Graft survival rates of 70-80% are now being obtained
but long-term follow-up is needed to confirm that a
technically successful graft can prevent the long-term
complications of diabetes. Currently, most pancreatic
transplants are combined with renal transplantation in
diabetic patients with established renal failure and
advanced complications of their disease.

A different approach is transplantation of pancreatic
endocrine tissue alone. This is achieved by transplanting
human islet cells extracted from the pancreas by
collagenase digestion. The islets are then injected into the
portal venous system and lodge in the liver sinusoids.
lhe yield from extraction techniques has improved
markedly, allowing a substantial percentage of the islets
from a single pancreas to be recovered. However, there
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are only occasional reports of the technique restoring
glucose tolerance to normal and no reports of long-term

Success.

SMALL BOWEL TRANSPLANTS

A recent advance in organ transplantation has been the
development of small bowel transplantation. There is a
growing number of patients who have lost all or most of
their small bowel from vascular problems, volvulus,
necrotising enterocolitis, atresias or Crohn’s disease.

These patients have to be maintained on long-term
parenteral nutrition which is expensive and inconvenient
and also leaves patients at constant risk of septic
complications from feeding lines as well as liver disease
related to parenteral feeding, Small bowel may be
transplanted alone or in combination with the liver in
the case of coexisting irreversible liver disease. The
technique is still in its experimental stages but results
using the immunosuppressive agent FK506 are encour-
aging, with a substantial number of patients restored to
full enteral nutrition.
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INTRODUCTION

This chapter gives an overview of investigative imaging
procedures commonly used in surgery. The basis for
each method of investigation is described, together with
its main indications and shortcomings. As investigative
equipment has developed in sophistication, an expanding

field of therapeutic applications has emerged, adding to
the sum of minimal access techniques. The basis of these
techniques is described here and a table listing important
therapeutic applications is given in Chapter 6 (Table 6.2).
Examples include ultrasound and CT-guided biopsy and
endoscopic placement of biliary stents.

The various tissues and constituents of the body absorb
X-rays by different amounts which are related to the
cube of the atomic number of their elements. This results
in differential penetration of X-rays through the body
and differential exposure of the silver salts in the
traditional X-ray film or activation of the sensors in
a filmless department. A radiograph is therefore a
‘shadow’ picture. Recent computer technology has
allowed the development of ‘filmless radiology’ where
the penetrating X-rays activate sensors in an electronic
film equivalent.

On a plain radiograph, gas and fat absorb few X-rays
and appear as radiolucent (dark) areas. Bone and other
calcified tissues absorb most of the X-rays; they are thus
poorly penetrated and appear as radiopaque (white)
film images. Most urinary tract stones, some gallstones,
old tuberculous lymph nodes and heavily calcified
atheromatous deposits are also radiopaque. Many X-ray
investigations, known as contrast studies, obtain their

diagnostic information by imaging structures outlined
with highly absorptive fluid contrast media.
Certain foreign bodies in wounds, such as metal and

most glass fragments, are radiopaque, but wood and
plastic fragments are radiolucent and invisible to X-rays.
Gauze swabs used in operating theatres are radiolucent,
but have a radiopaque strand woven into them to enable
them to be located radiographically if inadvertently left
inside a wound.

PERSONAL PROTECTION

lonising radiation is potentially mutagenic and carcino-
genic. Irradiation of patients and observers must there-
fore be kept to the minimum. This is achieved by the
following;:

® Giving training in radiation protection to all staff

using and working near X-ray equipment
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® Ensuring that every investigation helps with the

1 management of the patient and that none is performed
merely as ‘routine

(-] |m}'|n\ ing design of X-rav equipment to minimise

» diagnostic detail;

radiation dose whilst [‘T'\“ﬂ'l'\'il]l'.
X-ray scatter is reduced, and unwanted types of
radiation are removed by filters

@ Physical barriers to X-rays are provided in radiology
suites to protect the staff. These include barium
plaster in walls, lead-glass windows and lead-rubber
aprons

® Workers involved in taking X-rays should keep away
from the direct line of the beam and should also
maintain a good distance from the X-rav source
during exposure as the inverse square law determines
radiation fall-off with distance

® All involved in radiography should wear X-ray-
sensitive film badges which are regularly monitored

for excess radiation

GENERAL PRINCIPLES OF
RADIOGRAPHY

lhere are several important factors involved in pro-

ducing a useful radiographic image:

@ X-ray power and exposure time are chosen to give a
diagnostically useful film exposure, with a range of
image densities appropriate to the anatomical area.
For example, thoracic spine views require a larger

dose than lung fields

Diverging beam

)
nimea

1 him

roducing m

image or

-ray source

X-ray film

Fig. 5.1 Radiological projection

® Different projections (views) produce different
images of the same subject. Since the X-rav tube is
effectively a point source and pr duces a diverging
beam (see Fig. 5.1), the subject is magnified. This size
distortion least affects the side of the ;‘\':U!_'ﬂf closest to
the film, which is thus shown more clearly. The
projection has important consequences for
interpretation and should be recorded on the film. A

1
4

frontal chest film might be labelled PA (postero
anterior) or AP (antero-posterior) with the label
indicating the direction of the beam. With lateral
exposures, the side nearest the film is indicated, e.g. a
‘Rt" lateral chest X-ray (CXR) has the right side of the
chest nearest the film

® Patient position during exposure (i.e. supine, prone,
oblique or erect) affects the image because of the effect
of gravity upon organs and other body contents such
as gas or fluid. Most films are taken with a vertical
X-ray beam, but a horizontal beam is sometimes
necessary to demonstrate fluid levels in a cavity or in
bowel (lateral decubitus), or free gas under the

diaphragm

CONVENTIONAL TOMOGRAPHY

Some body structures, which would otherwise be obscured

10Nal

by overlyving or underlving tissues on conven

X-ravs

In tomography, the X-ray tube and film are moved in

can be distinguished bv the use of tomography.

opposite directions during exposure, with the pivotal
point between the two centred on the structure under

investigation (see Fig. 5.2). A transverse slice at the

A-ray lube moves
in this direction

| points t
films 1-

kLN

e =

Stack of X-ray films moves in
opposite direction to tube

Fig. 5.2 Principle of tomography




chosen depth is thus defined clearly on the film, and
anything superficial or deep to it is blurred into
faeces or bones).

obscurity (e.g. soft tissue, bowel gas,

The technique is still occasionally used—for example in
intravenous urography when gas or faeces obscure the
field of interest. By using a stack of films, one exposure
can give a set of ‘cuts’ at predetermined distances from
the surface. Computerised tomography is an important
development of this principle and has superseded con-
ventional tomography for most applications (see p. 56).

CONTRAST RADIOGRAPHY

When plain radiography is unsuitable for studying
the area of interest, a highly X-ray-absorbing contrast
medium can often be employed to opacify it. Contrast
media work in two ways; they outline anatomical struc-
tures directly or else are concentrated physiologically in
the organ they are designed to show (indirect imaging).
Direct contrast studies can be made in a variety of

ways. Contrast material can be swallowed, instilled into

Imaging for surgical investigation and management

body orifices, sinuses or fistulae, or injected into blood
vessels or hollow viscera. Commonly used studies are
barium enemas for examining the ]argn- bowel and arterio-
grams for examining the arterial system.

Indirect contrast studies are made by introducing
agents into the body which are concentrated in the organs
under investigation. Examples are urography (intravenous
injection of contrast which is excreted in the urine) and
intravenous cholangiography (injection of contrast which
is concentrated in the liver and excreted in the bile).

Contrast materials

Barium sulphate is the most satisfactory agent for out-
lining the gastrointestinal tract. It is insoluble in water
and is not absorbed. An aqueous suspension is non-
irritant and very radiodense. Gastrografin is a water-
soluble contrast medium used if contrast is likely to leak
from the bowel into the peritoneal cavity—for example,
for checking a recent rectal anastomosis after resection. If
inhaled,

gastrografin is inadvertently however, it causes

Wi

| supine abdomi

(transverse colon

'(b} Sugive

el dilatation. T |.-._|

showing gross small bowe

the upper left quadrant suggests perforation. The cause provet
an obstructing carcinoma of the caecum. (c) Right side raised laterz
decubitus X-ray (the X-ray beam was harizontal). This 78-year-old
woman presented with a sudden onset of severe abdominal pain
caused by a perforated duodenal ulcer, Free intraperitoneal gas G is
seen 'floating’ over the liver L and beneath the diaphragm D

in o

45




_Section

Basic principles of surgical practice

>4
.
v

Fig. 5.4 Plain abdominal X-ray and IVU compared
(a) and (b) A § bl i roar

A lie within the lower right ureter and stone B
C

pulmonary oedema and should not be used orally in
patients with intestinal obstruction

Water-soluble iodinated benzoic acid derivatives can
be injected into vessels to opacify the circulating blood
There is also almost immediate excretion of the contrast
through the kidneys into the urine. Thus, two different
functions can be achieved: direct opacification of veins
or arteries (venography or arteriography), and indirect
demonstration of kidneys, collecting systems and bladder.

Most  water-soluble contrast media have a high
osmotic pressure; they are therefore irritant (particularly
when used for venography) and may exacerbate pre-
existing renal disease: this applies particularly at the
extremes of age and in diabetic nephropathy. Since the
early 1980s, new non-ionic agents with an osmotic
pressure similar to that of plasma have been developed
and are widely used. These are generally safer (although
more thrombogenic) but more expensive

Finally, care should be taken to ensure that the patient
is not sensitive to the contrast medium, as this may
produce an anaphylactic reaction. Resuscitation equip-
ment and drugs should alwavs be on hand when con-

trast media are injected

DIGITAL SUBTRACTION ANGIOGRAPHY

Digital subtraction is an electronic process used in

contrast vascular studies (angiography) by which the

unchanging opacities ol

a plain radiographic image
(particularly bone and gas) are subtracted from the
image field produced after injection of contrast material
Modern equipment performs this process in real time
I'he main advantages are that lower doses of contrast
media are required and, in some cases, useful images
can be obtained with intravenous contrast injection. In
addition, the image can be processed electronically to
enhance definition, to change contrast or to concentrate

on particular areas.

PLAIN ABDOMINAL RADIOGRAPHY

GENERAL PRINCIPLES OF PLAIN ABDOMINAL
RADIOGRAPHY

Most abdominal films are taken with the patient supine
and the X-rav beam vertical. Gut is visible when there is
gas in il (see Fig. 5.3 P 15). Normal small bowel is less
than 3 cm in width and, in the supine position, tends to
occupy the centre of the abdomen. When dilated, it can
be recognised by the transverse folds (plicae circulares)
which completely cross the lumen. The colon usually lies
peripherally in the abdomen and is recognised by its
haustrations; these are folds that only partly traverse the
lumen., Normal colon is less than 6 cm in diameter and

15 often seen to contain lumps of faeces which have a

moltled radiolucent/radiopaque appearance




Free gas in the peritoneal cavity may be diagnostic of
bowel perforation and is therefore an important finding,
In a supine patient, free gas usually collects in the right
upper quadrant. It can be confidently diagnosed when

both the inside and outside of the bowel wall are out-
lined by radiolucent shadows, although this is uncom-
mon. A chest or upper abdominal X-ray taken with a
horizontal beam and the patient erect, usually (but not
always) reveals a radiolucent gas layer under the
diaphragm. This can be very small (and easily missed)
but may be obvious. The best method of showing free
peritoneal gas is to take an erect chest radiograph. Where
the result is doubtful or if the patient is too ill to sit or
stand, the patient should be placed in the right-side
raised lateral decubitus position (i.e. lyving on the left
side) for 10 minutes. A horizontal beam abdominal X-ray
is then taken across the table. As little as 2 mL of gas may
then be demonstrable above the lateral border of the
liver (see Fig. 5.3¢).

lhe kidneys may be outlined on a plain abdominal
X-ray by a radiolucent border of perinephric fat. How-
ever, overlapping bowel gas and faeces often obscure the
renal outlines. Also, in a post-nephrectomy patient, the
former ‘renal outline’ may still be visible on a plain film
as bowel may fill the renal bed and be outlined by
perinephric fat. Small urinary tract stones are easily
obscured by overlying bowel gas or faeces; laxatives are
often given prior to urography to minimise this. The
liver may be visible on plain radiographs but its size
cannot be accurately estimated.

When examining an abdominal X-ray, the important
features to look for are:

@ Calcification in areas prone to stone formation, e.g.
kidney, ureters, bladder or biliary tree (see Fig. 5.4a)

@ Dilated gut (stomach, small bowel or large bowel)

® Free intraperitoneal gas indicating bowel perforation.
Note the importance of the patient’s position when
the film was taken

® Cas in abnormal places (e.g. biliary tree or urinary
tract) suggesting a fistula connecting with bowel

® Non-biological objects, e.g. foreign bodies, surgical
tubes or pieces of metal

® Pathological calcification, e.g. aortic aneurysm,
pancreas, adrenals or uterine fibroids

he limitations of plain abdominal radiography are sum-
marised in Box 5.1.

BOWEL CONTRAST RADIOLOGY
TECHNIQUES

Any part of the gastrointestinal tract can be demon-
strated using contrast techniques. For examining the
upper gastrointestinal tract, barium suspension is given
orally (barium swallow for oesophagus and barium

Imaging for surgical investigation and management
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Box 5.1 The limitations of plain abdominal

radiography

@ Intraperitoneal structures are not visualised unless
they contain gas, displace gas-filled bowel or indent
structural fat

® Non-calcified stones (90% of gallstones, 10% of
urinary tract stones) are not visible

® Bowel gas and faeces easily obscure stones

@ Phleboliths, calcified abdominal lymph nodes and
costal cartilages readily mimic stones

@ Liver and spleen size cannot be estimated accurately

@ Free intraperitoneal gas is not usually visible on a
supine film (a horizontal beam film is needed)

meal for stomach and duodenum). Progress of the con-
trast is observed by X-ray fluoroscopic screening. In
screening, a technique known as image intensification is
used to show a moving image on a television screen. The
X-ray beam activates a series of sensors and the signal is
converted into a video image. Screening enables the
radiologist to select representative views as spot films to
record the examination. Sc reening for 1 minute gives the
patient a dose of X-rays equivalent to one film.

Screening is also usetul to study rapid gastrointestinal
motility, as in swallowing. The images are recorded on
video and studied later in slow motion.

I'he large bowel is examined by means of contrast
material given rectally (barium enema). It must be
remembered that the lower rectum is not always well
shown on this examination; a prior rectal examination
and sigmoidoscopy should be performed if low lesions
are not to be occasionally but disastrously missed.

For small bowel examination, a barium meal may be
‘followed through’ distally with serial films at intervals,
but some radiologists prefer to instil contrast into the
proximal jejunum through a nasal or oral tube; this is
known by the confusing term small bowel enema

In the early days of barium examinations, a single
contrast technique was used. Barium was given alone
and radiographs taken. However, the dense column of
barium obscured much of the finer detail. Most barium
studies nowadavs use a double contrast method
Following the barium, air or carbon dioxide is used to
distend the bowel, or effervescent tablets are given to
distend the stomach. This separates the barium-coated
bowel walls and acts as a second radiolucent contrast
agent (see Fig. 5.5b). An anticholinergic agent such as
hyoscine butylbromide (Buscopan) is often given at the
same time to relax the bowel wall muscle and abolish
spasm, thereby further improving the image. Double
contrast techniques are also used for barium meal
examination, With improved CT scanning, contrast C1

o

examinations are becoming more popular for large

in2
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\a)

Fig. 5.5 Single and double contrast barium enemas

{h)

Typical annular carcinoma of the proximal sigmoid colon in a woman of 72. (a) Single contrast barium enema showing the malignant stricture M

Note all muc

mucosal detail is outlined with a thin coating of barium. The bowel has

bowel examination. Contrast is given rectally and a
rapid-sequence CT scan of the abdomen performed. The
procedure is quicker and less unpleasant than a conven-
tional barium enema and is becoming the first-choice
investigation for infirm patients; it may eventually
supplant barium enema examination altogether. Three-
dimensional images of the bowel can also be constructed
to produce a virtual ‘walk-through’ of the colon. Whilst
this technique is still in development, it holds promise
for the future.

Figure 5.5 illustrates the differences between a single
contrast and a double contrast barium enema in the
same patient.

PREPARATION OF THE PATIENT FOR BOWEL
CONTRAST STUDIES

For upper gastrointestinal contrast studies, patients should
be fasted overnight except for water. For small bowel
studies, laxatives are sometimes given the day before to
empty the colon. This may hasten transit of contrast
through the small bowel.

For a barium enema or contrast CT, prior bowel
preparation is performed with laxatives (e.g. sodium
picosulphate) and sometimes bowel washouts, so that
artefacts are removed (faecal lumps look very similar to
polyps) and small mucosal defects are not obscured.
Thorough preparation of the colon is vital if important

pathology is not to be missed. If a barium enema reveals
inadequate preparation, further efforts should be made
to clear the colon and the examination repeated. If a

cosal detail in the colon is obscured by barium. (b) Double contrast barium enema of the same patient also st
2en inflated with air

nowing the stricture, but

right-sided colonic lesion is suspected, a barium follow-
through examination may show the region satisfactorily
if other methods fail.

COMPLICATIONS OF BARIUM CONTRAST STUDIES

Barium should be avoided for contrast examination if
substantial peritoneal spillage is likely as, for example,
when there is thought to be a perforation or anastomotic
leak. In these cases, water-soluble contrast medium is
best given initially, and if no leak is seen, barium is then
substituted. This is because water-soluble materials are
less radiopaque and less effective at coating the bowel
wall and therefore show less surface detail than barium.
For the same reasons, barium may reveal a tiny leak from
the bowel which is invisible with water-soluble contrast.

Contrast studies should be used with caution in
patients with bowel obstruction. Barium should not be
given with suspected large bowel obstruction because if
it cannot pass through, it solidifies within the bowel and
can turn an incomplete obstruction into a complete one.
A barium follow-through is sometimes indicated in
suspected small bowel obstruction, but there is a risk
that contrast material may be vomited and aspirated into
the bronchial tree, causing aspiration pneumonitis (see
Fig. 5.6).

Some radiologists prefer not to perform barium enema
examination for several days after high rectal biopsies,
believing there is a risk of perforation.

The limitations of barium contrast studies are
summarised in Box 5.2,




Fig. 5.6 Inhalational pneumonitis after barium meal
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BILIARY CONTRAST RADIOGRAPHY

Many biliary investigative techniques described in
previous editions of this book have largely been super
seded because of improved equipment and experience
in biliary ultrasound, increased availability of endo-
scopic retrograde cholangio-pancreatography (ERCP, see
Ch. 11, p. 66) and latterly, magnetlic resonance imaging
techniques.

ORAL CHOLECYSTOGRAPHY

Until the mid-1980s oral cholecystography was the
standard investigation for gall-bladder disease but it
has now been replaced by high-resolution ultrasound
scanning which is rapid, reliable and requires no contrast
material. Cholecystography required the patient to be
able to absorb oral contrast and images were taken 12
hours after ingestion. Cholecystography was no use in
obstructive jaundice because contrast material was not
excreted in sufficient concentration to register an image

INTRAVENOUS CHOLANGIOGRAPHY

Intravenous cholangiography (IVC) used to be the
standard investigation for suspected biliary stones and
sometimes mild obstructive jaundice. The drawbacks are
that the image is of poor resolution and the contrast

Imaging for surgical investigation and management
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Box 5.2 The limitations of barium contrast studies

® Itis often impossible to distinguish between
different types of pathological lesion, e.g. between
malignant and inflammatory colonic stenosis, and
between malignant and peptic ulcer of the stomach

@ Fine mucosal detail is not shown, e.g. gastric lesions
such as inflammation, shallow ulceration or early
cancer, or angiodysplasias of the colon. In acute
gastrointestinal bleeding, barium meal may miss the
bleeding lesion

@ Small bowel is difficult to examine in detail because
of contrast dilution by bowel contents and loops of
bowel overlying each other

@ Obstructed bowel cannot be satisfactorily
demonstrated except from below by using an
‘instant’ or unprepared barium enema technique.
This is most useful in distinguishing mechanical
large bowel obstruction from pseudo-obstruction
but does not demonstrate the bowel proximal to a
complete obstruction. Similarly, a barium follow-
through does not demonstrate the bowel distal to a
complete obstruction

® Barium taken orally may turn incomplete colonic
obstruction into complete obstruction

@ Major abnormalities may occasionally be concealed
because of tissue overlap. Multiple projections,
double contrast techniques and tube angulation
reduce this problem

material tends to cause nausea and vomiting. The
investigation is probably safer than diagnostic ERCP but
still carries more risk than operative cholangiography.
IVC has been largely replaced by ERCP (and less
commonly percutaneous transhepatic cholangiography),
both of which allow direct injection of contrast into the
biliary tree. Nevertheless, intravenous cholangiography
has found renewed favour with some surgeons for seeking
bile duct stones prior to laparoscopic cholecystectomy.
Magnetic resonance cholangiography now produces
images that rival the quality of traditional techniques.

PERCUTANEOUS TRANSHEPATIC CHOLANGIOGRAPHY
(PTC)

This technique for diagnosing the cause of obstructive
jaundice is now rarely used where endoscopic retrograde
cholangiography or magnetic resonance cholangio-
pancreatography (MRCP) is available. Using a method
similar to percutaneous liver biopsy, dilated intrahepatic
ducts can be punctured directly with a long fine (22 G)
‘Chiba’ needle and injected with contrast (see Fig. 5.7¢).

lhis test can be useful if there is extrahepatic duct

w2
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obstruction, when it shows the position and configur-
ation of the obstruction.

Since a jaundiced patient is likely to have disordered
blood clotting, liver bleeding is likely during the investi-
gation, and a clotting screen must be performed before-
hand, including prothrombin ratio and platelet count.

ERCP

Cannula passed into
common bile duct via
duodenal papilla and
contrast medium
—injected retrogradely

— Side-viewing
fibreoptic
duodenoscope

Percutaneous transhepatic cholangiogram

Percutaneous ‘skinny'
needle enters dilated —
duct and injects
contrast medium

Dilated bile duct
system

Abdominal wall

ENDOSCOPIC RETROGRADE CHOLANGIO-
PANCREATOGRAPHY

This investigation is described in Chapter 6; its use in
obstructive jaundice is described in more detail in
Chapter 12. The basic technique is illustrated here in
Figure 5.7

=]

Fig. 5.7 Some techniques for demonstrating the biliary system. (a) and (b) Endoscopic retrograde cholangiography
The patient is sedated and a side-viewing gastroscope pa

an into the second part of the duodenum. The ampulla of Vater is cannulated

under direct vision and contrast medium injected to outline the bile ducts. A large gall stone C is seen within the dilated common bile
collection of radiopaque gallstones GS is seen in the gall bladder. (c) and (d) Percutaneous transhepatic cholangiography. A needle

passed into the liver until it encounters a dilated duct. Contrast medium is then injected to outline the ducts. This deeply jaundiced 57 year-old
woman has grossly dilated intrahepatic ducts and complete obstruction of the proximal common bile duct in the porta hepatis at O. This was due
1o lymph node metastases from carcinoma of stomach. This method is employed less often nowadays because of the superior safety of other

50 methods described here




Fig. 5.7 Continued
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(e) and (f) Magnetic resonance cholangiopancreatography (MRCP). The technique produces images of static tluid, thus the images are of

native biliary and pancreatic secretions. Each image

OPERATIVE CHOLANGIOGRAPHY AND
CHOLEDOCHOSCOPY

It is standard practice during open cholecystectomy to
perform operative cholangiography, although the same is
not yet true for laparoscopic cholecystectomy. Operative
cholangiography serves several purposes; it allows the
biliary anatomy to be confirmed and stones in the major
ducts to be visualised, and shows whether there is free
contrast flow into the duodenum. To perform an oper-
ative cholangiogram, a fine plastic cannula is introduced
into a small hole cut in the side of the cystic duct and
passed into the common bile duct. Water-soluble con-
trast material is injected in two or three stages to outline
the duct system and fluoroscopic images or X-ray films
are taken. If stones are demonstrated in the bile ducts,
they are usually retrieved either at open cholecystectomy
via a longitudinal incision in the common bile duct
(exploration of the common bile duct) or at laparo-
scopic surgery using a Dormia basket via the cystic duct.
(The instrument is similar to that used for ureteric stones
and is illustrated in Figure 31.6, p. 416.) A further cholangio-
gram is often done to ensure the duct has been cleared.
Many surgeons also inspect the inside of the bile ducts
during the operation using a choledochoscope. This can be
a rigid L-shaped instrument with attachments for removing
stones at open surgery, or a flexible instrument around
5mm in diameter which can be used at laparoscopic or
open surgery. Choledochoscopy can markedly reduce the
incidence of residual stones after exploring the bile ducts.

During 1.1}1.1111'-'.1':1;1&' L'ht1|L'L‘\-‘Hlt'ch1111_\-', n'\pa.-"r.‘lti\'u.' chol-

angiography is performed routinely by some surgeons

tained in one second using a thick slab “projection’ method that ge

ystems. (f) A small calculus in the distal cc

whilst others prefer preoperative intravenous cholangio-
graphy, ERCP or MRCP for selected cases. If duct stones
are demonstrated by operative cholangiography during
laparoscopic cholecystectomy, these may be removed by
laparoscopic methods or later at ERCP, although the
latter procedure risks attendant complications, e.g. biliary
leakage, acute pancreatitis.

T-TUBE CHOLANGIOGRAPHY

Following exploration of bile ducts for stones, a T-tube is
often left in situ to drain the duct, The transverse limb of
the tube lies in the duct and the long limb drains to the
exterior. About 1 week after operation, contrast can be
injected along the T-tube to outline the biliary tree and
confirm drainage into the duodenum. Abnormalities
such as residual stones, bile leakage and duct stenosis
will also be demonstrated. The mature tract formed after
2 or 3 weeks’ intubation can be used to retrieve residual
stones with steerable grasping instruments.

UROGRAPHY
GENERAL PRINCIPLES OF UROGRAPHY

Urography is a radiological technique for examining the
kidneys and urinary collecting systems. It uses intra-
venous contrast medium which is concentrated and
excreted by the kidneys. A plain abdominal control film
is taken prior to contrast injection, so that any opacities
can be compared with films taken after contrast. This

(m o
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helps to identify whether or not an opacity lies within
the renal tract (see Fig. 5.4a, p. 46).

lhe urinary tract is examined sequentially from kid-
neys to bladder on films taken at intervals after injection.
The renal parenchyma opacifies almost immediately.
Contrast then flows successively into the renal pelvis,
ureters and bladder. The kidneys can be shown in
greater detail by tomography. This is frequently used in
conjunction with ultrasound when investigating adults
with haematuria

SPECIAL PRECAUTIONS

Intravenous contrast is potentially nephrotoxic in patients
with impaired renal function; patients with diabetic
nephropathy are at particular risk

Conditions which might be associated with renal
p.lt't'nth\'lli.l[ disease should ,lh\'d_\'ﬁ be H]Jt.'\"ll-it_'d on the
X-ray request form to help the radiologist plan the safest

investigation. The important disorders are:

® Diabetes mellitus

® Renal failure (include results of renal function tests on

the request form)
® Multiple myeloma
® Heart failure

VASCULAR RADIOLOGY
(ANGIOGRAPHY)

GENERAL PRINCIPLES AND HAZARDS OF
ARTERIOGRAPHY AND VENOGRAPHY

I'he general principles of vascular radiology are described
here; further detail is given in Chapter 35.

The veins or arteries of a particular anatomical region
can be opacified by intravenous or intra-arterial injection
of an appropriate contrast medium. This is known as
angiography. An angiography catheter is usually inserted
into a vessel some distance away from the target site and
the tip manipulated into the correct position over a
previously placed guide-wire. Favoured entry points to
the arterial system are the femoral artery in the groin or,
less commonly, the brachial arterv above the elbow.
Recently, the radial artery at the wrist has been em-
ployed more frequently, using smaller-diameter catheters.

If there is any suspicion of a bleeding disorder,
clotting studies should be performed prior to vascular
radiology to anticipate possible haemorrhagic compli-
cations from the vessel puncture site.

lhe contrast material is similar to that used for
intravenous urography and therefore carries similar
hazards. In addition, there is the risk of complications
from the arterial or venous cannulation. These include
trauma to the vessel (causing bleeding, thrombosis, wall

dissection or an arteriovenous fistula) and loss of part of
the catheter into the vessel lumen.

Arteriography

In lower limb arteriography, the abdominal aorta and
distal vessels are usually examined using a catheter
placed into a femoral artery. If the aorto-iliac system is
occluded and femoral pulses are impalpable, the angio-
graphy catheter can be introduced into the radial or
brachial artery. Occasionally, the aorta has to be punc-
tured directly using a long needle from the left lumbar
region with the patient prone. Translumbar aortography
gives relatively poor views of the distal lower limb
vessels and carries greater risk than femoral or brachial
angiography. Once the vascular catheter is in situ, water-
soluble contrast is injected directly into the artery and
images are recorded on rapid-sequence films or elec-
tronically. Thus stenoses or occlusions due to thrombosis,
atheroma or embolism can be demonstrated. Digital sub-
traction angiography is now widely available for arterio-

graphy and this is discussed below.

Venography

Lower limb venography (phlebography) is used for two
main purposes: to demonstrate whether there is a deep
vein thrombosis (DVT) in a patient with a sudden onset
of swelling or pain in the leg, or to investigate suspected
chronic deep venous insufficiency. Occasionally, it is
used to demonstrate reflux from deep veins into super-
ficial varicose veins. Venography for deep venous insuf-
ficiency shows the patency of deep veins and any
abnormal communications with superficial veins (incom-
petent perforating veins). A vein is usually cannulated in
the foot to inject the contrast and a tourniquet applied
around the ankle and knee to direct it into the deep
veins. The diagnostic value of venography depends very
much on the skill of the radiologist.

Duplex Doppler ultrasound scanning can replace both
of these applications and, when available, is the first-line
investigation for suspected DVT as well as chronic deep
and superficial venous insufficiency. A skilled operator
can demonstrate the patency or otherwise of all of the
lower limb veins, the presence of thrombus and the com-
petence of valves and perforators as well as demon-
strating vein wall irregularity associated with previous
DVTI

ELECTRONIC RECORDING TECHNIQUES

X-ray images can be recorded electronically in digital
form, as opposed to the analogue form of conventional
radiographic film. These digital images can be processed

to optimise the available information; this includes sub-




tracting background detail (thus removing bony images,
for example), enhancing the contrast between tissues,
magnifying areas of special interest and abstracting the
best parts from a series of images. At present, this
process is mainly used in angiography, where it is known
as digital subtraction angiography (DSA) or digital
vascular imaging,

Background subtraction in real time can produce
satisfactory vascular images with much lower concentra
tions of contrast; indeed, when high-resolution pictures

are not needed, as in screening for arterial disease or

Medical ultrasound developed from sonar used for the
detection of submarines in the Second World War
However, the tec Imnin;g_\ remained an official secret until
the 1960s. Since then, the principle has found many
applications, from identifying shoals of fish to non-
invasive imaging of body organs.

Medical ultrasound was pioneered in obstetrics where
it has become an important part of prenatal assessment
As technology and electronics have improv ed resolution
and discrimination, surgical applications have become
ever wider. An important advance was grey scale ultra-

sound, which enables a whole range of tissue echo-
genicities to be displayed on the screen

Interpreting ultrasound depends very much on the
dynamic picture the radiologist sees during the examin-
ation, rather than what is recorded on the static films
The film record may mean little to anvone but the

radiologist who performed the study!

GENERAL PRINCIPLES OF MEDICAL
ULTRASOUND

Ultrasound is non-invasive, painless and almost cer-
tainly safe. An ultrasound probe containing the trans-
ducer is applied to the skin over the area of interest and
the image is displayed on a screen. The probe must be
‘coupled’ to the skin with jelly to exclude an air interface
The probe is then moved in different directions and
at different angles to best -_1|-~|;‘|:1_\ the organ and any
abnormality. ‘Spot” films are taken to record the
examination

The transducer which consists of Pit"/l'-t‘h'L'tI'lL'
crystals, both transmits and receives the ultrasound. A
I-microsecond pulse of ultrasound is emitted every milli-
second, and the transducer then ‘listens’ for reflected

ultrasound echoes over the next 999 microseconds. An

image, representing a slice through the body, is gener-

Imaging for surgical investigation and management

checking the patency of arterial grafts, satisfactory results
can be obtained by injecting contrast intravenously (via
a central venous line) and imaging the arteries when the
contrast reaches them. However, many radiologists prefer
intra-arterial injection of dilute contrast.

I'hese electronic techniques are steadily improving
and are being introduced into other areas of radiology
Already, ‘filmless’ X-ray departments have arrived and
will doubtless become the norm, with images displayed
on terminals dispersed around the hospital or even

transmitted to specialists in other units or at home.

ated electronically, with reflections showing as bright
spots on a dark screen. This is known as B-mode (bright-
ness mode) and the brightness of each spot is propor-
tional to the sound reflectivity of the tissue interfaces.

e moving ge is displayed on a video screen as the

examination proceeds and is thus described as real time
ultrasound

he length and breadth of organs or lesions displayed
on the screen can be accurately determined by

measuring the image. Furthermore, the volume of some

structures such as the urinary bladder or the left ven-
tricle can be estimated. This can give useful functional
information—for example, the volume of residual urine
in the bladder in chronic retention, or the completeness
of left ventricular emptying in cardiac failure.

Bone, stones and other calcified tissues cause an abrupt
and marked change in acoustic un}wd.m(u. resulting in
virtually complete reflection of ultrasound. Thus the
surface of hard tissue, such as a gallstone, is revealed by
its echogenicity and also by the acoustic shadow it casts
(see Fig. 13.3, p. 195). A similar, though lesser change in
acoustic impedance occurs at gas/soft tissue interfaces
such as that of the bowel wall and its lumen.

Minimal patient preparation is needed for ultrasound
examination, For biliary ultrasound, the patient should
be fasted to minimise bowel gas shadows and to reduce
gall bladder contraction; for examining the pelvis, the
bladder should be full of urine. This provides a fluid-
filled, non-reflective ‘window’ for the ultrasound to

reach the pelvic organs.

SPECIAL ULTRASOUND TRANSDUCERS

L‘}‘l‘tl-ll ultrasound I‘Itl|‘|"~ have ["\'L‘H Li\’\t_'iUPL'ii for
inserting into various body orifices and via endoscopic
instruments and percutaneous cannulae. Rectal probes
are used for examining the rectal wall and prostate gland

in detail; oesophageal probes can be used to examine
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and monitor the heart, and vaginal probes to investigate
the pelvic organs. These probes can be placed closer to
the organ being examined than conventional surface
probes. This allows the use of higher-frequency sound
which has lower penetration but greater spectral resolution;
the result is a more detailed display for laparotomy or
laparoscopy. Special probes have also been developed
for applying directly to the surface of tissues such as the
liver to give an image with high resolution; these
provide a more reliable diagnosis of liver metastases
than palpation or cross-sectional imaging. Very tiny
ultrasound probes on the ends of long catheters have
been developed for intraluminal imaging of the vascular
system. These are in an early stage of development and
show future promise for visualising damaged arteries
and veins.

APPLICATIONS OF ULTRASOUND IN
GENERAL SURGERY

DIAGNOSTIC B-MODE (BRIGHTNESS MODE)
ULTRASOUND

Ultrasound has already largely replaced cholecysto-
graphy for diagnosing gall bladder disease and, for many
purposes, replaces intravenous urography for examining
the urinary tract.

Ultrasound is useful for:

® Distinguishing solid from cystic lesions, e.g. a thyroid
cyst from a solid nodule, a renal or pancreatic cyst
from a solid tumour

® Assessing palpable abdominal masses in the upper
abdomen or pelvis

® Detecting abnormal tissues in a homogeneous organ,
e.g. liver metastases or renal adenocarcinoma

® Detecting damage to solid organs after trauma, e.g.
splenic or liver rupture

® Detecting abnormal fluid collections, e.g. pseudocyst
of pancreas, ascites, pleural effusions, abscesses

@ Obtaining information about the nature of lesions
from the way the echo texture contrasts with the
normal (e.g. distinguishing liver secondaries from
benign lesions or normal liver)

® Detecting movement, such as pulsation of an
aneurysm, contraction of the heart (echo shows valve
morphology and movement, wall movement) and
fetal movements

® Detecting upper urinary tract dilatation
(hydronephrosis)

® Measuring physical dimensions, e.g. the diameter of
an abdominal aortic aneurysm or a dilated bile duct,
or the volume of residual urine in the bladder after

micturition

® Investigating the biliary system for gallstones, dilated
ducts, masses in the head of the pancreas, masses in
the porta hepatis

® Guiding percutaneous interventional procedures for
tissue sampling, e.g. aspiration or biopsy of liver
metastases, pancreatic tumours or retroperitoneal
masses, or drainage of fluid collections

@ Investigating breast lumps, e.g, distinguishing cystic
from solid lesions, suspected malignant lesions,
guided cyst drainage, guided fine-needle aspiration
(FNA) for cytology or core biopsy

The limitations of diagnostic ultrasound are summarised
in Box 5.3.

DOPPLER-SHIFTED ULTRASOUND

Ultrasound can be used for detecting and studying
blood flow by applying the Doppler principle. Simple
equipment is cheap and portable, and invaluable in the
vascular clinic (see Fig. 5.8). Using a special probe placed
on the skin with conduction gel, a beam of ultrasound is
directed at an artery or vein. Ultrasound is reflected from
the red cells, the movement of which causes a frequency
shift related to the velocity. The reflected ultrasound is
used to generate an audible signal (for detecting blood
flow) or else is electronically processed to reveal infor-
mation about the nature of flow. The pitch of the audio
signal is related to blood velocity and provides some
qualitative assessment of whether flow is normal or
abnormal. Colour flow Doppler generates false colour to
provide a visual representation of the direction and
velocity of blood flow (see below).

KEY POINTS

Box 5.3 The limitations of diagnostic ultrasound

® Bone almost completely reflects ultrasound and
obscures any tissues beyond it. Ultrasound is
therefore of little use for examining the brain and
spinal cord, although it is valuable in examining for
fluid collections in the chest; special transcranial
Doppler probes are used for monitoring during
neurosurgery and carotid artery surgery

® Bowel gas partly reflects ultrasound, which may
prejudice the examination. Starving the patient and
giving laxatives may help

® A thick layer of fat degrades the ultrasound image.
Thus ultrasound is less accurate but is still the first
choice for investigating suspected gall bladder
disease in obese patients

® Ultrasound is unreliable for showing stones at the
lower end of the common bile duct




Fig. 5.8 Measuring ankle systolic pressure using a hand-
held Doppler flowmeter

(a) A standard sphygmomanometer cuff is placed around the ankle
just above the malleoli. Ultrasound conducting gel is applied to the tip

of the probe and the probe placed lightly over the likely position of
the dorsalis pedis (DP) pulse, between the first two metatarsals. The
probe s moved a little at a time to obtain the strongest signal, then
the cuff inflated until the pulse disappears. It is then released
gradually and the systolic pressure recorded at the point of return of
ignal. (b) The same process is repeated at the posterior tibial pulse
(PT), using the midpoint of a line between the heel and the medial

d the pulse. Note that accurate measurer
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Main applications of Doppler-shifted ultrasound

® Measuring systolic blood pressure when it is low. This
includes brachial pressure in shocked patients or in
infants, and ankle systolic pressure in lower limb
ischaemia. For this purpose, a sphygmomanometer
cuff is placed around the arm or ankle and a portable
Doppler flow detector is used as an electronic
stethoscope on an artery beyond it

® Detecting the fetal heart rate

® Detecting reflux of venous blood at the sapheno-

femoral or sapheno-popliteal junction in varicose

Imaging for surgical investigation and management

veins, particularly recurrences of varicosities after
surgery

DUPLEX DOPPLER ULTRASOUND SCANNING

Duplex Doppler scanning combines frequency spectral
analysis of blood flow using Doppler ultrasound with
real time B-mode imaging. Colour flow Doppler is a
more advanced variant which adds false colour to show
the direction of blood flow (red one way, blue the other)
and the qualitative information about blood volume.

Duplex equipment is complex and expensive, while
the diagnostic process is time-consuming and requires
special training. However, it adds a new dimension to the
investigation of blood vessels and flow and is already
superseding established methods in some areas—for
example, venography for deep venous insufficiency and
arteriography for carotid artery disease.

Blood vessels can be imaged in longitudinal or
transverse section to reveal the direction of blood flow,
the velocity of flow (this rises as blood passes through a
stenosis) and the presence of abnormal vessel walls or
mature thrombus in the lumen. Cardiac echo investi-
gation employs similar instruments and allows the study
of patterns of blood flow, cardiac wall movement, cardiac
output and valve movements.

Applications of duplex Doppler

® Deep vein thrombosis—when available, this is
probably the method of first choice for detecting
postoperative DVT, Thrombus more than 24 hours old
can be seen and venous flow changes detected.
However, the profunda vein and small calf veins are
often inadequately seen

® Chronic lower limb deep venous insufficiency—
patency and valvular competence in deep veins (e.g.
femoral and popliteal) can be determined
dynamically; perforator incompetence can also be
detected

® Varicose veins—duplex ultrasound is useful for
detecting and marking the short saphenous/ popliteal
junction before operation and for detecting
communications between superficial veins and the
sapheno-femoral junction in ‘recurrent’ long
saphenous varicose veins

@ Carotid artery disease—duplex has now become
virtually the standard test for investigating
extracranial vascular disease in preference to carotid
angiography (which carries distinct risks). Duplex
shows the morphology of diseased arteries and the
velocity of flow, allowing the percentage of stenosis to
be calculated. The severity of stenosis determines
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whether operation is required. Duplex is useful for
evaluating asymptomatic bruits and following up
patients after carotid endarterectomy, including the
early postoperative period

® Femoro-popliteal bypass grafts—duplex is used for
marking out the saphenous vein graft before surgery

and for graft surveillance after surgery to detect

remediable vein graft stenoses
@ Aorto-iliac and femoro-popliteal occlusive disease—
duplex is proving valuable for estimating the sites

and severity of stenoses and occlusions. At present it

GENERAL PRINCIPLES OF CT SCANNING

Compulerised tomography involves X-raying a series of

thin transverse ‘slices’ of the patient’s head or body. A

precise fan-shaped beam of X-rays is repeatedlv pulsed

Fig. 5.9 Computerised tomography
(a} nnciple of CT 1q. A iges are fed into a ymputer and
ingle image praduced. (b) CT quided drainage. Tt I ST

i1s largely a screening test but may replace
arteriography in some circumstances

® Deeper blood vessels—these can be imaged for blood
flow and obstruction, e.g superior mesenteric and
renal arteries, and renal veins for spread from renal
cell carcinoma

® Cardiac disease—duplex is used for detecting
abnormal wall movements due to ischaemia, valvular
abnormalities including stenoses, congenital cardiac
detects including septal defects, and intracardiac

thrombus

from successive angles around the circumference of each
slice and the transmitted radiation is electronically
recorded on the other side (see Fig. 5.9). More modern
machines spiral around the patient (spiral CT) resulting
in more rapid image capture and higher resolution. Each
element of the beam is attenuated according to the den-
sity of the tissue it traverses. These numerous radiation
counts are analysed by a computer which builds up a
picture of the tissue densities in the slice by solving
many simultaneous equations. Each picture element is
called a pixel and each volume element is known as a
voxel. The images are displayed on a screen where they
can be electronically edited and then recorded on film.
Since CT was first introduced, the pace of develop-
ment has been rapid. The speed of data acquisition has
dramatically improved so that spiral CT scanning
produces an image of a chest or abdomen in under
I minute. From this data, electronic multiplane or three-
dimensional reconstruction can be performed to improve
image quality and discrimination of abnormalities.
Further information can often be gained by performing
CT scanning after contrast enhancement. For example,
oral or rectal contrast clearlv outlines bowel, while intra-
venous contrast can show blood vessels, kidnevs or

damage to the blood-brain barrier or areas of absent

blood tHlow such as occur m [‘.Hh.'!'(‘.![i\' Necrosis.

At present CT and magnetic resonance imaging are
competing for first place in the imaging stakes. However,
it is likely that both methods will prove to have advan-

tages in partic ular areas

APPLICATIONS OF CT SCANNING

Pathological anatomy can be studied in great detail by
computerised tomography and a vast array of infor
mation can be obtained to aid surgical diagnosis. Indeed,
in many cases the accuracy of this information could not
be rivalled by exploratory operation and yet it can be
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obtained non-invasively. This is particularly so in brain
injury after trauma where management of serious head
injuries has been transformed by head scanning. The
technique enables timely and appropriate surgical inter-
vention and avoids unnecessary exploratory operations.
The best CT images are obtained in well-nourished patients
because fat separates the organs.
The main indications for CT scanning are:

® [nvestigating areas difficult to examine by standard
radiology or ultrasound. Examples include the
retroperitoneal area and pancreas (deep inside the
body), the lungs and mediastinum, and the brain and
spinal cord (encased in bone)

® Investigating abdominal pathology when ultrasound
has proved unsatisfactory or as an alternative to more

GENERAL PRINCIPLES OF MAGNETIC
RESONANCE IMAGING

Magnetic resonance imaging (MRI), formerly known as
nuclear magnetic resonance, is a recently introduced
technique, the diagnostic applications of which are
rapidly expanding as the speed and resolution of the
equipment improve.

MRI involves applying a powerful magnetic field to
the body which causes the protons of all hydrogen nuclei
to become aligned. The protons are then excited by
pulses of radio waves at a frequency which causes them
to resonate and emit radio signals; these are recorded

Imaging for surgical investigation and management

invasive investigations such as barium enema
examination for suspected large bowel cancer

@ Pretreatment planning and follow-up in relation to
radiotherapy and chemotherapy, e.g. for staging
lymphomas (replaces laparotomy) and assessing
intrathoracic tumours including retrosternal thyroid
enlargement

@ Planning surgery, e.g. establishing the extent of local
invasion of oesophageal carcinoma, identifying the
upper level of an aortic aneurysm, investigating the
extent of lateral spread in rectal or prostatic cancer

® Assessing solid organ damage in abdominal or
thoracic trauma

® CGuiding needles during biopsy of masses, drainage of
fluid collections or obtaining aspiration cytology
specimens

electronically. Sophisticated computation then produces
images which can be viewed in any plane, transverse,
longitudinal or at any obliquity (see Fig. 5.10).

Lipids have a particularly high hydrogen content and
are clearly seen on MRI. For this reason, the initial appli-
cations of MRI were in examining the brain and spinal
cord. The technique is increasingly employed for investi-
gating joints such as the knee, shoulder, hip and ankle,
and in some cases replaces the need for arthroscopy.

An exciting new application of MRI is the study of
blood flow and cardiac function, i.e. magnetic resonance
angiography (MRA). Atheroma can also be demon-
strated. The direction and velocity of blood flow can be

(b)
Fig. 5.10 MRI images
(a) Carcinoma of the cervix with nodal metastases in transverse section. T represents the cervical tumour and N represents involved pelvic lymph
nodes. MRI is now the best method for staging carcinoma of the cervix. (b) T2 weighted axial MRI of the brain showing a haemorrhagic infarct In

the left middle cerebral artery territory (arrowed)
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Fig. 5.10 Continued
() Magnetic res

scan of lumbs

al spine showing normal spinal cana

determined without the need for contrast injection, and
volume flow in particular vessels can be calculated.
These techniques will undoubtedly play an increasing
future role in cardiac and arterial surgery.

The main technical disadvantages of MRI are claustro-
phobic conditions for the patient, longer scanning times
and the inability to scan a patient being artificially
ventilated (because of the effects of magnetism on metal
fittings). These make it unsuitable for young children,
the elderly or confused, patients in pain, ventilated
patients and emergency patients with active bleeding,.
All of these disadvantages are being addressed and are
likely to disappear as newer machines become available.
Already scanning times have fallen, allowing good-quality
imaging of chest, abdomen and pelvis. MRI is also un-
suitable for imaging gas-filled organs and dense bone.

Many of the conventional X-ray, ultrasound and CT
techniques already described have been adapted to
guide needles to obtain biopsy material and to place
drains, thus allowing less invasive therapeutic
manceuvres than were formerly required. Many of these
techniques have revolutionised treatment—for example,
in obliterative arterial disease—and have established the
radiologist as a front-line clinician. This is a rapidly
expanding field of radiology with a growing list of
techniques. Some of the main surgical applications are

described below.

nance angiogram of norme s s sh ta A, renal arteries R, renal subst

rd and cauda equina with no evidence of d

ince and renal pelvis P. (d) Longitudinal MRI

protrusion

In general surgical diagnosis, MRI is useful for
assessing soft tissue tumours, biliary anatomy and pelvic
disease. In soft tissue tumours of the extremities, MRI is
particularly important in surgical planning as it demon-
strates the tumour’s extent and relationship to vital

structures, as well as assisting in the planning of excision

a
margins and planes. MRI is of increasing benefit in
imaging the biliary tree, producing a magnetic resonance
cholangio-pancreatogram (MRCP). The advantages are
that sedation is not required, and, compared to ERCP
there is no risk of causing pancreatitis or bleeding, As
yet, the technique is not widely available. Pelvic MRI is
of increasing importance in assessing complex anorectal
fistulae and in certain pelvic malignancies. Of recent
interest is the use of MRI spectroscopy in the assessment
of breast cancer bul its merits remain to be evaluated.

TISSUE SAMPLING

FINE NEEDLE ASPIRATION CYTOLOGY (FNA) AND
CORE BIOPSY

A fine needle (22 gauge) can be safely passed through
most organs or small bowel to aspirate small fragments
of tissue from a suspicious lesion. Larger-diameter
needles can be used for direct core biopsy of masses. The
depth and direction of the needle can now be accurately
guided by ultrasound or CT to ensure a representative

sample is taken. For example, pancreatic masses can be




reached by transfixing bowel lying in front of the
pancreas; this causes remarkably few side effects. Where
practicable, many surgeons and pathologists prefer the
larger specimens obtainable with core biopsy techniques
using specially designed needles such as the Trucut, which
is available in various configurations and dimensions.

Applications in the diagnosis of breast disease include
ultrasound or mammographically guided FNA or core
biopsy of asymptomatic abnormalities found on mam-
mography, including those found on screening. Stereo-
tactic apparatus can be employed to make this process
more accurate. Mammographic guidance is also used to
place a hooked wire close to an impalpable abnormality
to locate it before surgical excision (mammographic
localisation).

Guided core biopsy or FNA techniques are also import-
ant in the diagnosis of thyroid lumps, for sampling liver
nodules and for taking renal biopsies in diffuse renal

disease.

DRAINAGE OF ABSCESSES AND FLUID
COLLECTIONS

Ultrasound and CT are often used to guide percutaneous
drainage of well-defined fluid collections in the abdo-
men or chest, e.g. pnm'l'valim' p‘;l.'l_ldﬂf_\'“'t?; or abscesses
(paracolic or subphrenic). Ultrasound scanning can
demonstrate the site and the dimensions of the fluid
collection and can guide the least harmful route for
drainage. Fluid can be drained via a needle on a once-
only basis or else a self-retaining ‘pigtail” drain can be
put in place and drainage allowed to continue. In the
first category, a subphrenic or other localised abscess can
be drained; in the second category, a drain can be placed
into a pseudocyst of the pancreas or locally to drain a
biliary leak after surgery. In this way, many major
surgical interventions can be avoided.

ENDOVASCULAR TECHNIQUES
PERCUTANEOUS TRANSLUMINAL ANGIOPLASTY (PTA)

This technique, originally known as Gruntzig dilatation,
has rapidly become established as an alternative to surgery
for overcoming many peripheral and coronary arterial
stenoses. In general, short stenoses in large vessels are
most suitable for this approach. The method is parti-
cularly useful for lower limb atherosclerosis (especially
of the iliac and superficial femoral arteries) and for renal
and coronary artery stenoses. Carotid artery disease,
however, is as yet less suitable for angioplasty because of
the serious consequences of embolism.

Major complications of angioplasty are rare in ex-

perienced hands but there is a small risk of precipitating
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acute ischaemia. Thus, surgical salvage should always be
readily available should complications develop. Unfor-
tunately, 25-40% of angioplastied lesions undergo
restenosis or occlusion within 1 vear but the process can
usually be repeated. For vessels which fail to remain
open at the time of angioplasty, expanding wire stents
can be placed within the dilated stenoses but the success
rate remains to be evaluated. Angioplasty can often be
performed as an extension of initial diagnostic arterio-
graphy. Overall, angioplasty causes minimal surgical
and anaesthetic stress to the patient and is often per-
formed on a day-case basis. Angioplasty is often offered
when open bypass surgery would not be indicated.

Techniques of percutaneous angioplasty

Angioplasty is usually performed under local
anaesthesia (see Fig. 5.11). A needle is first inserted
percutaneously into an accessible artery (usually
femoral, brachial or radial) and a short flexible guide-
wire passed into the artery. A working sheath with a
valved side-arm is passed over the guide-wire and about
I5cm into the artery. A long guide-wire is then
substituted for the first and guided to and then through
the stenosis under X-ray fluoroscopic control using
contrast injections. An angioplasty catheter with a plastic
inflatable balloon at its end is then passed over the
guide-wire and manipulated into position across the
stenosis. The synthetic angioplasty balloons are no wider
than the catheter when non-inflated and inflate to a fixed
diameter. Prior to dilatation, the arterial pressure above
and below the stenosis may be measured via the catheter
to determine any significant pressure gradient. The
balloon is then inflated to a pressure of between 3 and 12
atmospheres to dilate the stenosis. The pressure gradient
across the previously stenosed area may be measured
again; if dilatation has been successful, the pressure dif-
ferential across the stenosis should have been eliminated.
The spreading success of angioplasty has meant that
many patients can be returned to near-normal life with
minimal intervention. Indeed, many more patients with
claudication or coronary heart disease are now being
considered for angioplasty than would formerly have
been offered reconstructive arterial surgery.

LOCAL ARTERIAL THROMBOLYTIC THERAPY

An artery that is freshly occluded by thrombosis and
causing ischaemia can often be recanalised by local intra-
arterial infusion of thrombolvtic agents. This allows high
local concentrations of the thrombolytic agent with little
systemic spillover and avoids most of the serious bleed-
ing and allergic complications of systemic thrombolytic
therapy. Thrombolytic agents include streptokinase,
urokinase and recombinant tissue plasminogen
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Fig. 5.11 Percutaneous transluminal angioplasty

This man of 55 presented with bila -alf and thi
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IC artery.

activator (R-tPa). The best agent has yet to be decided
but tPa acts more quickly and does not cause the fre-
quent allergic effects of streptokinase, though it is more
expensive.

The main indication for thrombolysis is the acutely
ischaemic limb where arteriography has demonstrated
acute thrombosis superimposed upon pre-existing athero-
sclerotic narrowing; simple embolism is increasingly
being tackled in this way too. An infusion catheter is
manceuvred so as to lie within the clot and small
amounts of thrombolytic agents are infused over a few
hours. Arteriograms are repeated at intervals to follow
progress and the clot may thus be safely dissolved.
Underlying arterial stenoses may then be revealed and
can often be treated by balloon angioplasty or bypass
surgery. The technique can be used to lyse mature
embolic material up to 2 weeks or more after embolism.
Despite the foregoing, surgical embolectomy remains the
best treatment for recent acute embolic ischaemia,
particularly if the viability of the limb is in jeopardy.

Thrombolytic

treating pulmonary embolism although the indications

therapy can also be employed for

and efficacy are not yet well established.

THERAPEUTIC EMBOLISATION

Highly vascular lesions, such as certain haemangiomas,
which would be difficult or impossible to treat by
surgery alone, can have their arterial supply reduced or
obliterated by embolisation. The main supplying artery

is identified by selective arteriography and a catheter

5 are used to prevent asymmetnical dilatation wh

f the distal abdominal aorta. (b) Shows

1OWsS a localised severe

1 mignt compromise the

manceuvred into it, close to the lesion. A small quantity
of occlusive material is injected via the catheter so as
to impact in the artery where it narrows. The usual
materials for embolisation are gelatin foam, lyophilised
human dura mater, minute steel coils or cyanoacrylate
glue. The process is repeated for all the feeding vessels.

Embolisation is sometimes used to reduce the
vascularity of a lesion prior to otherwise difficult surgery
(e.g. carotid body tumour) or to treat lesions not
amenable to surgery (e.g. hepatic metastases or extensive
arteriovenous malformations).

MINIMAL ACCESS GRAFT PLACEMENT

Increasing experience in endovascular techniques has
encouraged progress towards more ambitious minimally
invasive techniques—in particular, endovascular stent-
grafts for abdominal aortic aneurysms, placed via
femoral arteriotomies. A Dacron graft with integral metal
stent is passed proximally until it lies within the neck of
the aneurysm. A balloon is inflated to expand the stent
into position to retain the graft. A similar mechanism is
used to secure the distal limb(s). Techniques like this are
still under development and clinical trials are giving
promising results; however, doubts remain about long-
term durability. A particular problem is endoleakage, i.e.
continued slow bleeding into the aneurysm sac caused
from the
aneurysm. The late complication rate is about 10% per

by failure of the graft to exclude blood

year, considerably greater than that for open aneurysm
grafting.




DILATATION OF GASTROINTESTINAL
STRICTURES

Large balloon catheters similar to angioplasty catheters
can be used to dilate benign oesophageal strictures sec-
ondary to oesophagitis. For achalasia, balloon dilatation
is becoming a standard technique. Balloon dilatation is
sometimes used for benign rectal strictures such as may
occur at an anastomosis site, provided they are not
caused by recurrent tumour. Cloth-lined expanding metal
stents are now successfully employed for oesophageal,
gastric outlet and colonic strictures caused by malig-

nancy or benign conditions.

GENERAL PRINCIPLES OF
RADIONUCLIDE SCANNING

Radionuclide scanning is the diagnostic application
of nuclear medicine techniques to identify sites of
abnormal physiology, e.g. the presence of pus, abnormal
phagocytic activity or areas of excessive bone turnover
Isotope scanning, however, gives poor anatomical detail.
Suitable tracer agents combine a substance taken up
physiologically by the target tissue and a radioactive
label. The usual label is "™ Technetium

I'he tracer is either concentrated in a H].‘l't'“.it' by i‘l' Of
tissue (such as iodine in the thyroid gland) or else in
tissues with similar physiological or pathological activity

Fig. 5.12 Isotope scanning using a gamma camera

The patient has received an intravenous injection of radiolabelled

tracer. The pattern of uptake is imaged by the

tor array and

transmitied electronically 1o be displayed in a monitor

Imaging for surgical investigation and management

RADIOLOGICAL ACCESS TO THE UPPER
URINARY TRACT

lhe renal pelvis can be reached percutaneously and
punctured with a needle guided by ultrasound or CT
scanning. The tract can be dilated to allow tubes of
various sizes and l\'l‘l"" to be inserted. This access can be
used to remove stones from the renal pelvis, to drain the
kidney over a few days in acute distal urinary obstruc-
tion until a definitive procedure can be performed
(nephrostomy drainage), and to conduct sophisticated
pressure and flow measurements in suspected pelvi-
ureteric junction obstruction. Gaining access to the kidney
in this way is known as percutaneous nephrostomy.

(such as reticulo-endothelial cells or areas of inflam-
mation, respectively)

In the early days of nuclear medicine, tracer was
detected in the body using a rectilinear scanner which
tracked back and forth over the patient for 1 hour or
more to build up the image. Nowadays, a gamma
camera consisting of multiple detector units simul-
taneously collects and counts the level of radioactivity
across the area of interest. This produces a complete
image in one exposure (see Fig. 5.12). Several views are
taken from different directions (usually anterior, posterior
and oblique) and this provides more diagnostic infor-
mation than a single view.

Some pathophysiological functions can be investi-
gated by dynamic imaging. For this, detection of isotope
continues tor a period of time and the changing level of
radioactivity is recorded for later computer analysis.
Examples of this include estimating renal blood flow and

studying renal clearance

APPLICATIONS OF RADIONUCLIDE
SCANNING

LUNG SCANNING

'he most important application of lung scanning is the
diagnosis of pulmonary embolism. The principle is that
pulmonary emboli obliterate patchy areas of the pul-
monary arterial circulation but do not interfere with lung
ventilation. This is the reverse of what happens with
pulmonary infection. Ideally, a ventilation scan and a
perfusion scan should be performed, the two together
being known as a ventilation/perfusion scan or V/Q
scan. The ventilation scan is performed first. The patient

inhales a gaseous radioactive tracer such as an aerosol of
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technetium-labelled DTPA or "'Xenon, and the lungs are
imaged from both front and back. Then technetium-
labelled albumin microspheres are injected intravenously
for the perfusion scan. These lodge in the pulmonary
capillaries after traversing the chambers of the right side
of the heart.

e two scans are compared for ventilation/ perfusion
mismatch, i.e. areas that are ventilated but not perfused
(embolism) and areas that are perfused but not ventilated
(consolidation or collapse). An example is shown in
Chapter 47 (Fig. 47.8). V/Q scanning may give a strongly
positive or negative indication of pulmonary embolism,
but all too often the results are equivocal. If a patient is
too breathless to undergo a ventilation scan, a perfusion
scan alone may be performed but accuracy is reduced

If a right-to-left shunt is present, perfusion scanning is
contraindicated because the microspheres can pass into
the systemic circulation and damage critical organs. Right-
to-left shunts occur in cardiac septal defects, arterio-
venous malformations of the lung and sometimes within
pulmonary metastases. V/Q scanning for pulmonary

r
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Fig. 5.13 Isotope bone scans of the whole body
{a) Anterior view of normal bone scan. (b) Anterior view of bone scan
(c) Posterior view of normal bone scan. {d) Posterior view of bone scar

embolism is gradually being superseded by contrast-
enhanced CT scanning.

BONE SCANNING

Phosphate-based agents (phosphates or biphosphonates)
labelled with technetium are usually used for bone
scanning. The tracer is taken up by areas of increased
bone deposition and resorption, indicating sites of bone
growth and repair (see Fig. 5.13). These include growth
plates, some primary tumours, secondary tumours, foci
of bone infection, healing fracture sites, active arthritis
and Paget’s disease. Bone scanning is highly sensitive
but interpretation of the scans requires caution because
of lack of specificity.

The tracer agent is injected intravenously and
becomes distributed through all body fluids. The highest
concentration is expected to appear at sites of osteo-
genesis about 6 hours later and the patient is scanned
then. The tracer is also taken up in areas of dystrophic
calcification and may sometimes reveal an unsuspected
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carcinoma of breast, an old myocardial infarction scar or
a uterine fibroid.
The main indications for bone scanning are:

@ Suspected bone metastases (e.g. staging breast
carcinoma) or investigation of bone pain

® Biochemical abnormalities suggesting bone disease
(e.g. hypercalcaemia or raised serum alkaline
phosphatase)

® Suspected occult (stress) fractures of bone

Suspected osteomyelitis

® Localising the site of unexplained skeletal pain

RENAL SCANS

Renal scanning is an important method of investigating
the urinary tract. It can obtain information not available
from any other source, is quick and simple to perform
and allows the function of each kidney to be assessed
independently. There are three main varieties of renal
scan which use different isotopes. DTPA (diethylene
tetramine penta-acetic acid) is excreted in the urine like
urographic contrast, while DMSA (dimercaptosuccinic
acid) and MAG3 remain in cortical tissue. (Aide-mémoire:
DT ‘Pee’ A, excreted in urine; D ‘Meat” SA, retained in
cortical tissue.) Examples are shown in Figure 5.14.

DTPA scanning is used to follow up children with
reflux nephropathy. The isotope is instilled into the
bladder; the child then voids urine while being scanned
and any vesico-ureteric reflux is demonstrated. DTPA is
also used to diagnose ureteric obstruction and to distin-
guish obstructed from merely capacious non-obstructed
renal tracts.

Both DMSA DTPA

excretory activity when unilateral renal parenchymal

and can give an estimate of
disease is being investigated. The two agents can be used
to estimate differential renal function when investigating
renal artery stenosis or the function of a transplanted
kidney. DMSA is used specifically to image the renal

parenchyma to demonstrate renal scars or tumours.

SCANNING FOR GASTROINTESTINAL BLEEDING

Scanning using the patient’s own isotopically labelled
red cells ma_\' be t_’mi‘ln\('ti to locate a source of con-
tinuing or intermittent gastrointestinal bleeding, This is
useful where the rate of bleeding is relatively slow or in
a patient with recurrent haemorrhage, particularly where
the source cannot be identified by endoscopy or contrast
radiology.

I'he }‘.'l[it'l1l'-\ blood is labelled with radioactive tech-
netium; this may be performed ex vivo or else in vivo
by injecting first pyrophosphate, which binds to red
cells, then technetium, which binds to Py rnplmaph.]h'.
intervals over the next

I'he abdomen is scanned al

24 hours or so for ‘hot spots’ indicating accumulating

Imaging for surgical investigation and management

Fig. 5.14 Renal DMSA isotope scans
(a) Normal and (b) Abnormal showing patchy scarring due

recent gastrointestinal haemorrhage. If the rate of bleeding
is more than about 0.1 ml per minute, the scan usually
reveals activity concentrated in one part of the bowel
T'his indicates the general area of haemorrhage rather
than the precise location but does enable the surgical
search to be focused—for example, on the distal stomach
and duodenum, or the right side of the colon. Radio-
nuclide scanning has the advantage of detecting an
accumulation of blood over a period, whereas the
alternative investigation of selective angiography is less
sensitive and requires active bleeding at the moment of
injection; however, the latter can reveal the site of
bleeding more precisely

In children, rectal bleeding may be due to bleeding
from a Meckel’s diverticulum. This is usually caused by
ulceration of l.'i_'fl_‘}‘il' gastric mucosa. A radionuclide
n\mpmmd of technetium that is concentrated in gastric
mucosa may be used to image a suspected Meckel's

diverticulum,

mle
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LEUCOCYTE SCANNING FOR INFLAMMATION AND
INFECTION

When an abscess or other infected focus is suspected but
cannot be localised, the patient’s own white blood cells
can be labelled with "'Indium or “Gallium citrate, then
reinjected; the patient is then scanned. Typical indica-
tions for this are patients with a high swinging pyrexia
after operation, or patients with sepsis of unknown
origin. The process is relatively expensive because it
requires a cell separator but it has a high degree of
specificity and sensitivity. There is a small proportion of
false negative tests, however, where a hidden abscess is
not revealed by the scan.

Leucocyte scanning is also useful to determine the
extent of bowel involvement in inflammatory bowel
disease, both ulcerative colitis and Crohn's disease.
HMPAO-labelled leucocytes migrate towards areas of
inflamed bowel which are then revealed on imaging,.

THYROID SCANS

l'hyroid scanning is described in Chapter 43. Its use
is declining in favour of fine needle aspiration and
cytology except in certain disorders of thyroid function.

VASCULAR IMAGING

Vascular radionuclide imaging is in its infancy but
shows promise for demonstrating differential tissue
blood flow in ischaemic limbs. A radionuclide known as

MUGA is beginning to provide useful information.

Radionuclide lymphangiography can also demonstrate
the patency and capacity of lower limb lymphatics in
chronic lymphoedema.

LIVER AND SPLEEN SCANS

Radionuclide scanning of liver and spleen is imprecise
and has largely been superseded by other modalities
including high-resolution CT or ultrasonography, per-
cutaneous or laparoscopic liver biopsy and ERCP.

Reticulo-endothelial imaging (‘liver scanning’)

Technetium-labelled sulphur colloid is taken up by
reticulo-endothelial cells in the liver (Kupffer cells) and
spleen, and demonstrates the general morphology of the
parenchyma. Areas of increased phagocytic activity are
revealed by abnormal uptake of tracer.

Hepatobiliary imaging (HIDA scanning)

Technetium-labelled imido-diacetic acid (IDA) derivatives

are concentrated by hepatocytes and excreted into bile

even in the presence of jaundice. This provides a means

of testing the patency of the biliary tree and cystic duct.
Hepatobiliary imaging can be used for:

® Demonstrating cystic duct obstruction in suspected
acute cholecystitis

® Demonstrating bile duct obstruction in jaundiced
patients to confirm the jaundice is obstructive
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INTRODUCTION
I'his chapter outlines the essential principles of operative operations. Furthermore, most doctors are required to
surgery and endoscopy and also covers a range of minor perform minor operations, casualty procedures or invasive
surgical techniques. These should be understood by all investigations at one time or another and these require a
doctors, not just by surgeons, so as to give them an knowledge of appropriate techniques
appreciation of the scope of surgery, to enable them to Various suffixes derived from Greek and Latin are
provide adequate explanation to patients before and used in the description of certain surgical techniques;
after surgery and to help them participate intelligently at these are summarised in Box 6.1

KEY POINTS

Box 6.1 Surgical terminology

oscopy = examination of a hollow viscus, body cavity or deep structure empioying an instrument specifically designed
for the purpose, e.q. gastroscopy, colonoscopy, laparoscopy, arthroscopy, bronchoscopy. The general term is endoscopy

-ectomy = removal of an organ, e.g. gastrectomy, orchidectomy (i.e. removal of testis), colectomy
-orrhaphy = repair of tissues, e.g. herniorrhaphy

-ostomy = fashioning an artificial communication between a hollow viscus and the skin, e.g. tracheostomy, colostomy,
ileostomy. The term may also apply to artificial openings between different viscera, e.g. gastro-jejunostomy, choledocho-
duodenostomy (i.e. anastomosis of duodenum to common bile duct)

-otomy = cutting open, e.g. laparotomy, arteriotomy, fasciotomy, thoracotomy

-plasty = reconstruction, e.g. pyloroplasty, mammoplasty, arthroplasty

-pexy = relocation and securing in position, e.g. orchidopexy (for undescended testis), rectopexy (for rectal prolapse)
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INTRODUCTION

The main bacteria and viruses involved in surgical infec-
tions have already been described in Chapter 1. The
chief sources of infection are the patients themselves
(particularly bowel flora), less commonly the hospital
environment, food or cross-infection from other patients,
and only occasionally bacteria and viruses carried by
theatre personnel. Rare sources of infection are con-
taminated surgical instruments or equipment, dressings
or parenteral drugs and fluids. The viruses causing
hepatitis B and C and particularly human immuno-
deficiency virus (HIV) pose relatively recent and sinister
risks of transmitting infection from patient to operating
staff and vice versa; there is also the risk of patient-
to-patient transmission. These risks of transmitting
potentially serious viral diseases make it mandatory to
observe universal blood and body fluid precautions.

The risk of postoperative bacterial infection depends
on the extent of contamination of the wound or body
cavity that occurs at operation or prior to it in the case of
intestinal perforation. Bacteria may enter a wound by
five possible routes:

® Air-borne bacteria-laden particles

@® Direct inoculation from instruments and operating
personnel

® From the patient’s skin

® From the flora of the patient’s internal viscera,
especially the large bowel

® Via the bloodstream

Modern operating theatre design and aseptic procedures,
if correctly observed, minimise wound contamination
but infections still occur, Their results can be devastating
especially in relation to artificial prostheses, skin grafts,
bone and the eye. Furthermore, some patients are
particularly vulnerable to infection, notably neonates,
the immunosuppressed, the debilitated and the mal-
nourished. Treatment of established infection is no
substitute for prevention.

The introduction in the 1970s of perioperative pro-
phylactic antibiotics has revolutionised the scope and
outcome of certain tyvpes of operative surgery in a
manner comparable to the surgical revolution of the late
nineteenth century heralded by Lister’s techniques of

ant i‘-t‘P‘\i‘«,

METHODS OF INFECTION CONTROL
UNIVERSAL BLOOD AND BODY FLUID PRECAUTIONS

The increasing awareness of blood-borne viral infections
such as hepatitis B and C and the advent of new

infections such as HIV have led to the concept of
universal blood and body fluid precautions in com-
bating cross-infection between patients and staff. Every

patient should be assumed to be a potential carrier of
blood-borne infection and precautions applied whenever
skin is likely to be breached and whenever instruments
contaminated with blood or other body fluids are
handled. Transmission of infection can occur in obvious
situations such as a needle-stick injury, as well as with
less obvious events such as splashes of infected material
into the eye.

Disposable gloves should be worn for all procedures
and physical examinations except for palpating patients’
skin where there is no obvious open lesion in either
patient or examiner. Staff with broken skin should apply
occlusive dressings. The integrity of skin affected by
minor scratches or grazes can be checked with an
alcoholic skin wash, wipe or swab which causes stinging
if the skin is broken. Staff often try to be particularly
vigilant with known carriers of HIV or hepatitis or in
other high-risk patients but relax at other times. How-
ever, research has shown that this extra care soon lapses
even in known infected cases; this may explain recent
publicised cases of unexpected transmission from patient
to doctor, doctor to patient and patient to patient which
reveal this practice to be unsound. The routine use of
protective eyewear during invasive procedures to prevent
conjunctival splashes is to be encouraged.

Needle-stick and other penetrating injuries

Needle-stick injuries occur when a needle already used
for a patient inadvertently penetrates the skin of a
health-care worker. This is a common injury which is
largely avoidable. Needle-stick injuries are capable of
transmitting hepatitis B but the risk for HIV is much
lower. This is because the concentration of virus in HIV-
positive fluids is much lower than in hepatitis and the
volume of blood transmitted by needle-stick injuries is
small. Needles and other disposable instruments con-
taminated with blood should be handled with great care
and disposed of immediately after use into special
plastic ‘sharps’ containers. These should be available
wherever sharps are used so that instruments need not
be passed from person to person nor carried from one
place to another. It is the responsibility of the user to
dispose properly of the sharp. Resheathing of used
needles is the cause of some 40% of needle-stick injuries
and should be avoided. Venepuncture is a high-risk
procedure and should be performed with caution. The
ignored needle from a cannulation left lying beside a
patient might prove lethal to an unsuspecting staff
member.




Hepatitis B vaccination

All staff directly involved in patient care should be
vaccinated against hepatitis B. This involves three intra-
muscular injecions—the initial injection, then 1 month
and 5 months later, with booster doses at 5-vearly
intervals thereafter. Hepatitis B serology should be
checked 2 months after completion of vaccination.
Around 5% of healthy young people fail to seroconvert
and should be revaccinated. Half of these will sero-
convert and the remainder are genetic non-responders.

Procedure following ‘sharps’ injury

If there is a definite sharps injury involving transmission
of blood from an infected person, the risk of infection to
the recipient is about 25% for hepatitis B, 20% for
hepatitis C and 0.5% for HIV, There is also a high risk
after sharps injury in a recreational environment (e.g.
needles left on the beach by intravenous drug users)
since hepatitis B and HIV survive well in warm, moist
conditions, especially in serum and tissue debris. Thus
all sharps injuries should be treated with the utmost

concern. A recommended protocol is shown in Box 6.2.

THE OPERATING ENVIRONMENT

Modern operating theatre design plays a major role in
the control of air-borne wound contamination. This is
important mainly for staphylococci carried on air-borne
skin scales.

I'he main factors influencing infection rate are:

® Concentration of organisms in the air
® Size of bacteria-laden particles
® Duration of exposure of the open wound

The first two are influenced mainly by theatre design
and air supply and the last one can be minimised by
avoiding unnecessarily long procedures. Operating
theatre complexes are laid out so as to minimise
introduction of infection from elsewhere in the hospital
via air, personnel or patients. Air is drawn from the
relatively clean external environment, filtered and then
supplied to the operating theatres at a slightly higher
pressure than outside to ensure constant outward flow.
Air turnover is the most important factor; the aim is to
ensure 3-15 air changes per hour which ‘scrubs out’ the
theatre air by dilution. Standard air delivery systems aim
to achieve a constant flow of clean air towards the
operating table, which is then exhausted from the
theatre. Despite this, convection currents allow some
recirculation of air, which may have been contaminated,
into the operation site.

The crucial importance of excluding infection in joint
replacement surgery led to the development of sophisti-

Principles of operative surgery

KEY POINTS
Box 6.2 Protocol for managing ‘sharps’ injuries

1. Wash injured area immediately and encourage
blood to flow from wound

2. Record all details of incident including names of
persons involved

3. Test injured person (the recipient) serologically for
HIV, hepatitis B and hepatitis C

4. Test person whose blood/body fluids contaminated
the sharp (the donor) for HIV, hepatitis B and
hepatitis C

5. If hepatitis B status of recipient or donor is uncertain
and cannot be determined reliably within 48 hours
of injury (e.g. over a weekend), administer the
following to the recipient as soon as possible:

@ Hepatitis B immunoglobulin (0.06 ml/kg body
weight)
@ Hepatitis B vaccine—first dose

6. The immune status of donor and recipient dictates

further management as follows:

® Recipient hepatitis B immune—no further action
(or may give hepatitis B booster)

® Recipient hepatitis B non-immune (or non-
responder) and donor positive or unknown—give
hepatitis B immunoglobulin and start course of
hepatitis B vaccination

® Recipient hepatitis B non-immune and donor
negative—start course of hepatitis B vaccination

@ Donor HIV antibody positive or in high-risk group
(e.g. homosexual, intravenous drug user,
prostitute)—consult infectious diseases physician.
Zidovudine therapy should be considered as soon
as possible although its efficacy in preventing
seroconversion is unproven and side effects are
often very unpleasant (bone marrow suppression,
nausea and other gastrointestinal symptoms,
headache)

® Counsel recipients on safe sex procedures to
prevent possible infection of their sexual partners

7. Follow up recipients with serological testing after 3
months (hepatitis B, hepatitis C, HIV), 6 months
(hepatitis B and C) and 12 months (hepatitis C);
ensure completion of hepatitis B vaccination courses
instituted above

cated ultra-clean air delivery systems. These have been
shown to reduce postoperative infection two- to fourfold

but the cost of such measures makes them difficult to
justify for general surgery. Enclosure of the patient in
a sterile tent in which the surgeons wear space-type
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suits can reduce infection rates by a further 5-7.5% but
these measures are probably not warranted except in
specialised joint replacement units. Despite the com-
plexity and high cost of these special operating room
arrangements, simple prophylactic antibiotics have been
shown to be a more effective way of reducing infection
in joint replacement surgery.

MINIMISING INFECTION FROM OPERATING THEATRE
PERSONNEL

Studies of bacterial types in wound infections have
shown that a modest proportion of wound infections are
derived from theatre personnel. Bacteria reach the
wound via the air or by direct inoculation. About 30% of
healthy people carry Staphylococcus aureus in the nose but
pathogenic organisms may also be present in the axillae
and perineal area, the latter probably being the most
important source. In addition, minor skin abrasions are
usually infected, as are skin pustules and boils; thus
personnel with these lesions must ensure that they are
L'II('LTI\'('[_\ covered with occlusive Lirt‘i-}‘_-‘ii]}_',f- or else
should not enter the operating area.

Air-borne, personnel-derived infection is reduced by
changing from potentially contaminated day clothes to
clean theatre clothes and shoes which should not then be
worn outside the theatre complex. Trouser cuffs should
be elasticated or tucked into boots. Some studies suggest
that females should wear trousers instead of dresses, in
order to reduce ‘perineal fallout’. Face masks are worn
to deflect bacteria-containing droplets in expired air, but
they become ineffective after a relatively short period,
especially if they become wet. With the exception of
nasal Staph. aureus (particularly important in infection of
prostheses), bacteria derived from the head do not
generally cause wound infection. The effectiveness of
wearing masks and hair coverings to reduce infection is
unknown.

Sterile gloves and gowns are worn by surgeons and
staff directly involved in the operation to prevent direct
inoculation of bacteria. Gloves are impermeable to
bacteria but hands and forearms are washed before
gloving and gowning with antiseptics which persist on
the skin. This minimises bacterial contamination if a
glove is punctured or the sleeve of the gown becomes
wet. Thorough washing with soap and water removes
extraneous contaminants but not resident flora, the
numbers of which can be considerably reduced by using
detergent solutions containing antiseptics such as
chlorhexidine and povidone-iodine; disinfection is
further improved by a final alcohol rinse. These are
most effective it they are not rinsed off but merely dried
with a sterile towel. The traditional ritual of scrubbing

]

with a brush for 3 minutes is actually less effective than

washing the hands thoroughly because it causes micro-
trauma to the hands and brings more bacteria to the
surface.

Despite the wearing of gloves and gown, the less the
wound is handled the better. This principle particularly
applies when aseptic conditions are less than ideal.
On the ward, minor procedures such as bladder
catheterisation or insertion of a chest drain should be
performed using a no-touch technique.

MINIMISING INFECTION FROM THE PATIENT'S SKIN

lhe patient’s skin, especially the perineal area, is the
source of up to half of all wound infections. These can be
minimised by the following measures:

® Removing body hair—body hair was thought to be
an important source of wound contamination but this
is no longer believed. Hair is removed only to allow
the incision site to be seen and the wound to be closed
without including hair. Shaving produces numerous
small abrasions which rapidly become infected with
skin commensals. If shaving is required, it should be
done as close to the time of surgery as possible. Mosl
surgeons now restrict hair removal to clipping away
just enough to provide adequate skin access. An
effective alternative is to use depilatory creams which
avoid trauma. For small operations on the head, hair
is not usually removed

@ Painting the skin with antiseptic solutions-
povidone-iodine or chlorhexidine in alcoholic or
aqueous solution is applied to a wide area around the
proposed operation site (‘skin prep’); this is now done
only when the patient is on the operating table, but in
the past patients were subjected to a series of
applications of antiseptics such as gentian violet for
several days beforehand!

® Draping the patient—the standard procedure is to
isolate the operating area by placing sterile drapes
made of cotton or an impervious synthetic cloth over
all but the immediate field of operation. However, if
the drapes become soaked with blood or other body
fluids, bacteria may be drawn through by capillary
action. Therefore, impermeable sterile paper sheets
known as ventiles are usually placed beforehand
beneath the drapes. For high-risk surgery such as joint
rl‘}‘i.l\'u!lh‘llt?‘. P].!H-“L' or I!H;WL'FTHL'JL‘-]L' paper dra pes
with adhesive borders are often used

® Investing the skin at the operation site with a thin
film of adherent clear plastic—the skin incision is then
made through the plastic film so that little bare skin is
exposed. This method has proved counter-productive

because bacteria multiply beneath the film. Films
impregnated with povidone-iodine may be better




REDUCING INFECTION FROM INTERNAL VISCERA

The large bowel teems with potentially pathogenic
bacteria and the peritoneal cavity is inevitably con-
taminated in any operation at which the large bowel is
opened. Therefore wherever possible, the large bowel
should be mechanically cleansed prior to operation by
the use of propietary bowel preparation agents such as
sodium picosulphate. Pathogenic bacteria are also found
in obstructed small bowel. The same applies to the
stomach and small bowel of patients on H,-receptor
blocking drugs (see Ch. 14) where the normal bactericidal
eftect of IL:.'IHH‘R acid 1s lost.

STERILISATION OF INSTRUMENTS AND OTHER
SUPPLIES (see Table 6.1)

In modern surgical practice, infection from instruments,
swabs, equipment and intravenous fluids has been
virtually eliminated by the supply of sterile packs from a
central sterile supplies department (CSSD). Reusable
instruments and drapes are sterilised by high-pressure
steam autoclaving according to strict regulations. Most
disposable items are purchased in pre-sterilised, sealed
packs. Sterilisation in small autoclaves near the operating
theatre should only be performed if instruments in
short supply are required for successive operations.
Sterilisation by any method is likely to be ineffective
unless all organic material is removed from instruments
by thorough cleaning first.

Problems are posed by sterilising instruments which
would be damaged by heat. These include plastics, cysto-
scopic lenses, flexible endoscopes and electrical equip-
ment. These can be sterilised using a variety of chemical
methods such as ethylene oxide gas. Glutaraldehyde in a
2% concentration is commonly used for endoscopic instru-
ments which need to be reused several times during an
endoscopy session. They must be immersed in sterile
water before use. Special precautions are required to
prevent chemical injury to staff.

World-wide, many surgical instruments are prepared
by boiling water ‘sterilisers’. Boiling water is markedly

inferior to other methods of sterilisation but is included

Principles of operative surgery

here as it may be the only practical method in developing
countries owing to cost and technical reasons. Boiling
water kills most vegetative organisms within 15 minutes
but spores are not killed by this method. All organic
debris should, as always, be scrupulously removed, then
the instruments immersed in visibly boiling water,
returned to the boil and boiled continuously for at least
30 minutes to ensure hepatitis and human immuno-

deficiency viruses are destroyed.

SURGICAL TECHNIQUE

Surgical technique plays an important part in minimising
the risk of operative infection. Non-vital tissue and
collections of fluid and blood are particularly vulnerable
to colonisation by infecting organisms, which may enter
via the bloodstream even if direct contamination has
been avoided by aseptic technique. Tissue damage should
be kept to the minimum in the course of surgery by care-
ful handling and retraction and by avoiding unnecessary
diathermy coagulation. Haematoma formation is mini-
mised by careful attention to haemostasis and placing
drains into potential sites of fluid collection; closed-
drainage or suction-drainage systems reduce the risk of
organisms tracking back into the wound from the ward
environment.

During extensive resections of bowel, ligation of
its blood supply allows bacteria to permeate the wall
(translocation) and this may contaminate the peritoneal
cavity.

Gross faecal contamination is associated with a high
risk of infection and great care is taken in operations
where the bowel is opened. In large bowel perforation,
great care is taken to physically remove faecal con-
tamination; a planned ‘second look’ laparotomy after
48 hours may be advisable.

After performing anastomoses involving large bowel,
a drain is often placed in the vicinity to remove
collections of blood and other fluids and perhaps to
minimise the danger of general peritoneal contamination
should the anastomosis leak. Many surgeons now regard
this as ineffective and possibly harmful.

Table 6.1 Time and temperature requirements for sterilisation by different methods

Method Equipment to be sterilised Temperature Time
team autoclave Unwrapped instruments and bowils 126°C 10 mins
Instrument sets, dressings and rubber 123°C 3 mins
ne oxide gas Heat-sensitive materials; plastics, endoscopes, electrical equipment Yo € 2-24 hrs
Liguid glutaraldehyde Cystoscopes and other urelogical equipment, plastics and Room temperature 10 mins

Heat-sensitive equipment required urgently

™0
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PROPHYLACTIC ANTIBIOTICS

Despite the best aseptic techniques, some operations carry
a high risk of wound infection as well as other infective
complications; these can be reduced dramatically by using
prophylactic antibiotics. The antibiotics chosen should
be matched to the organisms likelv to occur in the area of
the operation and should be bactericidal rather than
bacteriostatic. The relative risk of postoperative infection
in different types of operation is summarised in Box 6.3
As a general principle, prophylactic antibiotics are
indicated if the antic l[‘.lll'\] risk of infection exceeds 10%,
i.e. all emergency abdominal surgery, all elective colonic
operations, and upper gastrointestinal operations for
malignancy. Prophylactic antibiotics are also used by
many surgeons for operations in the 5-10% risk category,
e.g. cholecystectomy. In addition, PI'{':PI\\.']JL'HL antibiotics
are indicated in inherently low-risk cases where the
consequences of infection are catastrophic, e.g. operations
employing prosthetic implants or in patients with mitral
stenosis or other cardiac defects at risk of subacute
infective endocarditis. Prophvlactic antibiotics can reduce
postoperative infection rates in high-risk cases by 75%,
and may almost entirelv eliminate infection in lower-risk

Cases

KEY POINTS
Box 6.3 Relative risk of infection in surgical wounds
Risk 2-5% =
Clean operations with no preoperative infection and no
opening of gastrointestinal, respiratory or urinary tracts
(e.g. inguinal herniorrhaphy, breast lump excision,
ligation of varicose veins)

Risk less than 10%

Clean operations with gastrointestinal, respiratory or
urinary tracts opened but with minimal contamination
(e.g. elective cholecystectomy, transurethral resection
of prostate, excision of minimally inflamed appendix)

Risk about 20%

Operations where tissues inevitably become
contaminated but without pre-existing infection, e.g.
elective large bowel operations, appendicectomy where
the appendix is perforated or gangrenous, fresh
traumatic skin wounds (except on the face)

Risk greater than 30%

Operations in the presence of infection, e.q. abscesses
within body cavities, small bowel perforation, delayed
operations on traumatic wounds

Risk greater than 50%
Emergency colonic surgery (bowel unprepared) for
perforation or obstruction

In the great majority of wound-related infections, the
organisms are introduced during the operation and
become established during the next 24 hours. Thus, if
prophylactic antibiotics are to be effective, high blood
levels must be achieved during the operation at the time
contamination occurs. lo achieve this, the first dose of
antibiotic should be given either 1 hour before operation
or preferably intravenously at induction of anaesthesia
prophylactic antibiotics should not be given any earlier

as this may encourage resistant organisms to proliferate.

A single preoperative dose of antibiotic is probably
sufficient provided it is rapidly bactericidal and the
inoculum of bacteria is small; long operations with
heavy blood loss merit a second perioperative dose of
antibiotics, e.g. ruptured abdominal aortic aneurysm.
Many surgeons prefer to give two additional doses
postoperatively but there is little evidence of additional
benelit. Longer courses of prophylactic antibiotics are
certainly of no advantage and may encourage resistant
strains of organisms to emerge.

In general, intravenous antibiotics provide the most
[‘Tnilu table blood ley els; ;‘t'.'l}\. tissue levels are achieved
within 1 hour of injection. For prophylaxis against anaer-
obes, metronidazole administered rectally gives equivalent
blood and tissue levels to intravenous administration
although these are not reached until 2—4 hours after admin
istration. Oral metronidazole is usually Inappropriate
because of unreliable absorption and enforced peri-

l‘l‘l'T.llI\ e starvation

Operations involving bowel and biliary system

Patients having these operations are at risk mainly from
a mixture of Gram-negative bacilli (Enterobacteriaceae
family), faecal anaerobes (Bacteroides fragilis) and Staphy
lococeus anrens. Less commonly, enterococci cause surgical
infection, notably E. faccalis (formerly Strep. faecalis).

I'he most commonly used prophvlactic antibiotic

regimens are

@ For biliary surgery—a cephalosporin alone (e.g
cetotaxime or cefuroxime)

® lor colonic and other bowel surgery—either a
combination of a cephalosporin (as for biliary
surgery) and metronidazole or else a combination of
gentamicin, benzylpenicillin (or ampicillin) and
metronidazole. The latter combination is often
preferred for bowel-related prophylaxis as it covers
enterococci as well as the other l'I}J,.lIIiHmH t'\[‘i.‘L'tt'\f

® For appendicectomy—rectal metronidazole alone,

given 2 hours before operation; this has proy ed as

effective as any other regimen. The evidence for the

beneficial effect of metronidazole in preventing

infection after appendicectomy is now so strong that

it may be negligent not to use it




lhe choice of antibiotics for prophylaxis must be
kept under review because organisms change their
sensitivities. An important consideration in this regard is
that aminoglycosides such as gentamicin do not alter the
bowel flora because their concentration in the lumen is
low; this is in contrast to the cephalosporins and
ampicillin. In consequence, there is a rising tide of beta-
lactam-resistant bowel organisms insensitive to cephal-
osporins and ampicillin but sensitive to aminoglycosides.
If resistant staphylococci are a problem, vancomycin
may be necessary for prophylaxis.

Operations involving implantation of prostheses

Vascular grafts and joint replacements are at particular
risk from Staph. aureus infection. Coagulase-negative
staphylococci (e.g. Staph. epidermidis) may also be impli-
cated and, very rarely, coliforms. Flucloxacillin is the agent
of first choice for prophylaxis but gentamicin is usually
added for extra protection. Cephalosporins are often
used but they are less efficacious against staphylococci
than flucloxacillin or gentamicin. Multiply-resistant
Staph. aureus (MRSA) is becoming a more common cause
of prosthetic infection. In areas where the risk is sub-
stantial, prophylaxis with vancomycin is appropriate.

Operations where ischaemic or necrotic muscle
may remain

Lower limb amputations for arterial insufficiency and
major traumatic injuries involving muscle are susceptible
to gas gangrene and tetanus, Clostridia are highly
sensitive to benzylpenicillin and metronidazole, one of

GENERAL PRINCIPLES

Some form of anaesthesia is required for almost every
surgical procedure, with the aim of preventing pain in all
cases, minimising stress for the patient in most, and
providing special conditions for some operations, e.g.
muscular relaxation in abdominal surgery. The choice of
anaesthetic techniques includes topical (surface) anaes-
thesia, local anaesthetic infiltration or regional nerve
block, spinal or epidural anaesthesia and general
anaesthesia. Methods other than general anaesthesia
may be supplemented with intravenous sedation if the
patient is anxious (e.g. with benzodiazepines). Intra-
venous sedation with these drugs produces relaxation,
anxiolysis and amnesia whilst retaining protective reflexes.

However, unconsciousness can be produced by these

drugs and they must be carefully titrated to produce the

Principles of operative surgery

which should be given in high dose as early as possible
after major trauma and before major amputations for

ischaemia

PREVENTION OF CROSS-INFECTION (NOSOCOMIAL
INFECTION)

Cross-infection is the term used to describe infection
transmitted from other patients in the nearby hospital
environment and it is rare. It should be distinguished
from colonisation with other patients’ bacteria, which is
common. Cross-infection is mainly spread via food, staff,
medical equipment or ward furnishings. Whenever there
is patient contact which might result in transfer of infection
outside of the operating theatre, the same principles of
asepsis should be applied, although the achievable level
of aseptic technique is lower. Doctors are probably the
worst offenders as regards transfer of infection—for
example, by removing dressings to inspect wounds in
the open ward, by failing to wash hands between patients
and by careless aseptic 11';']1"1(111« when performing ward
procedures such as bladder catheterisation. Minimising
patient movements between wards and hospital units
also Ltl’i reases cross-infection rates.

A patient with an infection which is potentially
dangerous to other patients should be isolated and
barrier-nursed in a single room. These infections include
Streplococcus pyogenes, open tuberculosis and infective
diarrhoeas. Infection with MRSA requires a patient to be
transferred to an isolation area in the ward or, if the
patient is in intensive care, transferred to an isolation
room within the unit to avoid having to close to new
p. 13).

admissions (see Ch. 1

desired etfects. Intravenous sedation with benzodiazepines
does not provide pain relief; if needed, this must be
achieved by local anaesthesia or intravenous analgesics,

for example

CHOICE OF ANAESTHETIC TECHNIQUE

Combining local or regional anaesthesia (for pain relief)
with a light general anaesthetic can minimise post-
operative respiratory and cardiovascular depression
compared with general anaesthesia alone, reducing
postoperative morbidity. An example is the use of caudal
anaesthesia in perineal operations. Local or regional
anaesthesia can also be used at the end of an operation to
provide postoperative pain relief; for example, inter-
costal nerve blocks after an abdominal operation allow

more comfortable breathing and coughing,

reducing the

-«
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Saction likelihood of respiratory complications. Another common thetic staff before, during and after operation greatly

1 example 15 wound infiltration with local anaesthetic enhance postoperative recovery. The use of a ‘high-
agents, e.g. bupivacaine. The main factors influencing dependency’ recovery area, where at-risk patients can be
choice of anaesthesia are summarised in Box 6.4 ntensively nursed and monitored postoperatively, also

Caretul selection of appropriate drug combinations for plays an important part in early recovery from major
each case and close liaison between surgical and anaes- surgery
KEY POINTS

Box 6.4 Choice of anaesthetic technique
1. Local anaesthesia '
In general, used for calm and rational patients when no autonomic discomfort is anticipated:
® Minor operations, e.g. excision of small skin lesions or dental operations
Minor but painful procedures, e.g. insertion of chest drain, siting of peripheral venous cannulae
Unavailability of general anaesthetic expertise, e.g. in developing countries
Patients unfit for general anaesthesia, e.g. cardiac and respiratory cripples
Ambulatory (‘day case’) surgery
Patients unwilling to undergo general anaesthesia
Use of combined local anaesthetic and vasoconstrictor to provide a relatively bloodless operative field (note: this
must never be used in the extreme peripheries, i.e. digits, penis, nose)

2. Regional nerve block

® Minor surgery requiring wide field of anaesthesia, e.g. femoral nerve block for varicose vein surgery, pudendal
block for forceps delivery

@ When it is undesirable to inject local anaesthetic into the operation site, e.g. drainage of an abscess (local
anaesthesia works less well in inflamed tissue)

@ To avoid tissue distortion from local infiltration in delicate surgery

@ Short-lived, wide-field ambulatory anaesthesia for reduction of forearm fractures or hand surgery (Bier’s
intravenous regional anaesthesia)

3. Epidural and spinal anaesthesia
® Lower limb surgery, e.g. amputations
@ Lower abdominal, groin, pelvic and perineal surgery, e.g. caesarean sections, inguinal hernia repair, prostatectomy,
bladder and urethral surgery

4. Intravenous sedation or intravenous analgesia alone
® Short-lived uncomfortable procedures where local anaesthesia is impractical, e.g. gastrointestinal endoscopy,
musculoskeletal manipulation

5. Intravenous sedation combined with local anaesthesia
® Potentially unpleasant procedures despite adequate local anaesthesia, e.g. wisdom tooth extraction, toenail
operations, siting of central venous lines

6. Regional analgesia with light general anaesthesia
® Caudal epidural plus general anaesthesia for operations in the perineal area, e.g. transurethral prostatectomy or
resection of bladder tumours, haemorrhoidectomy, circumcision. This provides perioperative and postoperative
analgesia

7. General anaesthesia

Where all of the above are unsuitable or difficult to achieve

Severe patient apprehension or patient preference for general anaesthesia
Major or prolonged operations

Abdominal or thoracic operations requiring muscle relaxation

Where it is necessary to secure the airway by intubation

Special indications, e.qg. neurosurgery




INCISION TECHNIQUE
CHOICE OF INCISION

I'he purpose of most skin incisions is to gain access to
underlying tissues or body cavities. The first consider-
ation when planning a surgical incision must be to
achieve good access. Furthermore, the incision should be
placed in a position which will allow it to be extended if
necessary, Despite patients” impressions, the length of an
incision (and the number of sutures required for closure)
has little bearing on the rate of healing; the success of an
operation should not be put at risk by inadequate access.

Secondary considerations in the choice of incision are

as follows:

® Orientation of skin tension lines (based on Langer’s
lines) and skin creases—wherever possible, incisions
should be made parallel to the lines of skin tension
determined by the orientation of dermal collagen (e.g
a ‘collar’ incision for thyroid operations) as the
wound is less likely to break down, there is minimal
distortion, and healing with little scar tissue gives a
better cosmetic result

® Strength and healing potential of the tissues—the
nature and distribution of muscle and fascia,
particularly in different parts of the abdominal wall,
influences the strength of the repair. For example, a
vertical lower midline incision situated in the linea
alba where the abdominal wall consists of a strong
layer of fascia is less prone to incisional herniation
than a paramedian incision lateral to the midline

@® The anatomy of underlying structures, particularly
nerves—the incision line should run parallel to, but
some distance away from, the expected course of
underlying structures, reducing the risk of damage.
For example, to gain access to the submandibular
gland, the incision is made parallel to and 2 cm below
the lower border of the mandible to avoid the
mandibular branch of the facial nerve

® Cosmetic considerations—wherever possible,
incisions should be placed in the least conspicuous
position such as in a skin crease or a site that will later
be concealed by clothing, e.g. a transverse suprapubic
(Pfannenstiel or bucket-handle) incision below the
‘bikini’ line for operations on the bladder, uterus or

ovary, a peri-areolar incision for breast lw'[._»p»\

DISSECTION AND HANDLING OF DEEPER TISSUES

I'he skin consists of thin epidermis and dense, some-
what thicker dermis, as well as the underlving fatty

hypodermis which may be as much as 10 cm thick in an
obese l]n_“\ IL!LI.!|
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Once the skin incision has been made, the scalpel is
mainly reserved for incising fascia and other fibrous
structures like breast tissue. Anatomical detail is exposed
and displayed by a combination of blunt and sharp
dissection. The purpose of dissection is to protect struc-
tures which might be damaged by bold incisions and
to preserve blood supply and venous drainage. Blunt
dissection involves teasing or stripping tissues apart
using fingers, swabs or blunt instruments, following
natural tissue planes. Sharp dissection with scissors and
forceps or scalpel is used where tissues have to be cut
and also to display small structures. Some surgeons
prefer sharp to blunt dissection in general, believing il
causes less tissue trauma. Most dissection, however,
involves a combination of both.

PRINCIPLES OF HAEMOSTASIS

Bleeding is an unavoidable part of surgery. Blood loss
should be minimised because bleeding obscures the
operative field and hampers operative technique (the
finer the surgery, the more continued bleeding interferes
with visibility and quality of outcome), and because the
loss has to be made up later. Excessive bleeding can be
averted by judicious dissection with control of bleeding
as the operation proceeds, and by minimising the area of
raw tissue exposed at the operation site by accurately
siting the incision and by avoiding opening unnecessary
tissue planes.

CLIPPING, LIGATION AND UNDER-RUNNING

Ligation is obligatory when large vessels are divided and
desirable for vessels larger than about 1 mm calibre (see
Fig. 6.1). If the end of a bleeding vessel cannot be grasped
by haemostat forceps, a suture can be used to encircle the
vessel and its surrounding tissues, a technique often
described as under-running,. It is particularly useful for

a bleeding artery in the fibrous base of a peptic ulcer.

DIATHERMY

Diathermy achieves haemostasis by local intravascular
coagulation and contraction of the vessel wall caused by
heating (-thermy) generated by particular electrical wave-
forms. However, enough heat is also produced to burn
the tissues which may be needlessly damaged by

careless use, particularly near the skin. Diathermy is

ineffective for large vessels which should be ligated. 73
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1 Haemostat passed beneath
vessel to be ligated Ic
separation from surrounding
lissues

2 Haemostats clipped onto 3
vessel either side of point of
intended division
Note onentation of

haemostat curvature Vessel cut with scissors

Note
It there is doubt about the
security of a single ligature

(.
= be used on one v

Fig. 6.1 Techniques of haemostasis

lhere are three main variants of diathermy, illustrated in
Figure 6.2, and all three modes are available on modern
diathermy machines

Monopolar diathermy is the most widely used for
operative haemostasis but there is wide dispersion of the

coagulating and heating etfects, making it unsuitable for

use near nerves and other delicate structures. Since the
current passes through the patient’s body, there is a risk
of coagulating vessels en passant (e.g. diathermy used in
circumgcision may cause penile thrombosis), as well as
provoking arrhythmias in patients with cardiac pace-
makers. Monopolar diathermy mayv also result in skin
burns at the indifferent electrode plate if skin contact is
poor or if the plate becomes wet during operation. Current
recommendations to improve contact include shaving
hair from the skin where the plate is placed and using
disposable self-adhesive diathermy plates

Bipolar diathermy is used mainly for fine surgery
and it requires accurate grasping of the bleeding vessel
It uses low levels of electrical power, there is almost no
electrical dispersion from the tip of the forceps and

much less heat is generated. The main advantages are

minimal tissue damage around the point of coagulation

___,_..-—---
)"‘%

5 Ligature tied, haemostal
being released before final
tightening of first knot

4 Haemostat held up by 6 Second and third knots tied
assistant to enable ligature and ligature cut 3-5 mm from
lo be passed beneath it knot

matively the vessel e
n be transfix

and safety in relation to nearby nerves, blood vessels and
cardiac pacemakers

Cutting diathermy is mainly used for dividing large
masses of muscle (e.g. during thoracotomy or access to
the hip joint) and cutting vascular tissues (e.g. breast)
Fhe intention is a form of sharp dissection, at the same
time coagulating the numerous small blood vessels as
the tissue is cut; unfortunately this is not always wholly
effective. A blend of cutting and coagulation is some-

times used

TOURNIQUET AND EXSANGUINATION

'his technique is used in surgery of the limbs and hands
where a bloodless field is particularly desirable. For the
whole limb, a pneumatic tourniquet is placed proximally
around the limb. The limb is exsanguinated by elevation

and spiral application of a rubber bandage (Esmark) or

ring exsanguinator tfrom the pe !'1i‘|h_'. ; the tourniquet is
then inflated. Upper limb tourniquets must not be left
inflated for more than 30 minutes and lower limb
tourniquets for more than about 1 hour to avoid the risk

0l necrosis




Coagulating monopolar diathermy

Coagulating Monopolar diathermy Cutting
current machine current
A
A
B B
£ G

Foot pedal switch

Fig. 6.2 Three modes of diathermy

PRESSURE

Pressure is a useful means of controlling bleeding until

platelet aggregation, reactive vasoconstriction and blood
coagulation take over. It can be used for emergency
control of severe arterial or venous bleeding but is equally

useful for controlling diffuse small-vessel bleeding from

a large raw area, e.g. liver bed after cholecystectomy
Pressure i1s usually applied with gauze swabs which

must be kept in position for al least 100 minutes.

For intractable bleeding which is not amenable to
ligature, diathermy or suture, various resorbable packing,
materials, e.g. oxidised cellulose, can be left in position
until haemostasis occurs, allowing the wound to be
closed. If i.‘lt':.'thl]k; ‘-Ilnil‘i\ cannot be controlled—for
example, after liver injury—the bleeding cavitv can b

packed with gauze swabs which are left in situ and

removed 48 hours later at a further operation
Bleeding, once controlled by this method, rarely recurs
When a raw cavity has been created beneath the skin,
external pressure dressings are sometimes a useful
method of controlling potential postoperative oozing,
and minimising haematoma formation, e.g. after breast

lump excision.

HYPOTENSIVE ANAESTHESIA

This method of anaesthesia is sometimes emploved
when marked diffuse bleeding is anticipated, e.g

!'H"-!.lll.'L'l\‘I'I'i\'. or where a bloodless field is desirable for

fine dissection but where a tourniquet is impossible, e.g

Cutting monopolar diathermy

Monopolar diathermy
machine
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Bipolar diathermy

Bipolar diathermy
machine

parotid surgery. The anaesthetist achieves controlled
hypotension by the judicious infusion of drugs such as

nitroprusside

SUTURING AND SURGICAL REPAIR

TYPES OF SUTURE MATERIAL

Numerous types of suture are available (see Box 6.5), the
most important distinction being between absorbable
and non-absorbable materials. This clear-cut difference
has been blurred by the advent of slowly absorbed
sutures, e.g. polydioxanone (PDS). The groups can be
subdivided into natural and synthetic materials and
further subdivided into monofilament and polyfilament

(braided) matenals. The choice of suture material
depends upon the task at hand, the handling qualities

and personal preterence.

Absorbable versus non-absorbable materials

lhe strength of absorbable sutures declines at a pre-
dictable rate for each type of material, although the
suture material remains in the wound for a much longer
period

In increasing duration of useful strength, the main
absorbable materials are:

@ Plain catgut and chromic catgut—useful strength lasts
3 and 5 days respectively

m o
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KEY POINTS
Box 6.5 Suture materia_ls and their characteristics

Typical brand names are given in brackets

Absorbable

@ Plain catgut—natural monofilament
Chromic catgut—natural monofilament
Polyglycolic acid—synthetic braided (Dexon)
Polyglactin—synthetic braided (Vicryl)

Polydioxanone—synthetic monofilament (PDS,
Maxon)

Non-absorbable

Silk—natural braided

Linen—natural braided

Stainless steel wire—monofilament or braided
Nylon—synthetic, usually monofilament (Ethilon)
Polyester—synthetic braided (Ticron, and others)
Polypropylene—synthetic monofilament (Prolene)

Polytetrafluoroethylene (PTFE}—synthetic ‘expanded
monofilament (Goretex)

® Modified polyglactin (Vicryl 1{-.".;‘uin_'i-—u_~«.-t!1] strength
about 6 days

® Polyglycolic acid (Dexon) and polyglactin (Vieryl)
useful strength lasts about 10 days

® Polvdioxanone |‘] )S)

]

retains its stre

gth for at least

o davs

Fhe strength of catgut declines even more quickly in the
presence of infection or gastric acid, but this is not true
of the synthetic absorbable sutures

e eventual elimination of absorbable materials from
the body overcomes the problem of a permanent foreign
body which can harbour infection. Absorbable sutures
are often used in the skin to avoid the need for removal:
typical applications are minor skin operations, median
sternotomies, surgery in children, circumcisions and
vasectomies. Catgut sutures may give a poorer cosmeti
result because of the inflammatory response they pro-
voke but polyglycolic acid/polvglactin (undyed) gives
good results as it is removed by hydrolysis without
inflammation. The newer, modified, short-lived poly-
glactin seems to have ideal properties for skin closure.

Non-absorbable sutures retain most of their strength
immdetinitely. They are used where i}h_' E“_‘:L"JU' will take a
long time to reach full strength (e.e. abdominal wall
closure) or will be inherently weak (e.g. inguinal and
incisional hernia repairs). Non-absorbable sutures are
also widelv used for skin closure; synthetic mono-

f1

ament sutures give the best cosmetic results and are
most easily and painlessly removed. Subcuticular sutures,
which do not penetrate the epidermis, give an excellent

cosmetic r'u~.|1]t

Natural versus synthetic materials

Catgut has been used as a suture and ligature material
since before Roman times, derived from the material
used for musical instrument strings. It consists mainly of
collagen and is actually made from the dried small
bowel submucosa of sheep or cattle. Catgut is still a
widely used material, and modern manufacturing
techniques have ensured a high and consistent quality
Silk and linen also have a long and distinguished history
but their use is declining. Many surgeons believe that
silk has the best handling and knotting properties of any
material, but it provokes a strong inflammatory response
exceeded only by linen. Silk is mainly used for skin
sutures, where its softness means there are no sharp ends
to prick the nearby skin. This is particularly important
for operations involving the mouth and the perineum
Linen thread is now used rarely and mainly for ligating
blood vessels. In general, natural materials are about half
the price of the synthetics, a factor of importance in
developing countries.

I'he main advantages of synthetic absorbable suture
materials are that they are stronger than catgut and
provoke little or no inflammatory reaction. They can be
designed to meet specific requirements of absorbability,
period of retention of strength, and handling properties

Non-absorbable synthetic materials, similarly, do not
provoke inflammatory reactions. Polyesters, nylon and
polypropyvlene all retain virtually all their strength over
long periods in the tissues; this is particularly important
when they are used to suture arterial prostheses. All
natural materials deteriorate over ime and silk used for
arterial prostheses has a high long-term failure rate

leading to false aneurysm formation

Monofilament versus polyfilament sutures

Monofilament materials have an extremely smooth
surface and can be pulled through the tissues with
minimal friction; this makes them easier to insert and
remove than polyfilament braided materials. On the
other hand, monofilament materials are stiff, springy
and more difficult to knot. Braided materials have the
best handling qualities, but their interstices provide a
haven for bacteria. When used at a surface (e.g. skin or
bowel wall) they tend to act as a ‘wick’, drawing infected
material in. This problem is partly overcome by the

manufacturer’s .s[‘;‘li. ation of surface coatings.

Wire sutures

Metal wire sutures have now largely been displaced by
the non-absorbable synthetics. Stainless steel wire is,

however, extensively used in orthopaedic surgery for




bone fixation and for closure of sternotomy wounds in
cardiac surgery. It is virtually inert but its main
disadvantages are high rates of glove penetration and

late breakage due to metal fatigue

GAUGE OF SUTURE MATERIAL

Fhe gauge of suture chosen for a particular task depends
largely on practical experience. This takes into account

the following factors:

® Strength of repair required

® Number of sutures to be placed—the greater the
number, the finer can be the gauge

® Type of suture material being used—for a given
gauge, the various materials have different strengths;
catgut is the weakest

® Cosmetic requirements—multiple fine sutures give a

better cosmetic result than fewer heavier sutures

lhe traditional method of describing suture gauge (US
Pharmacopoeia) is confusing for the newcomer and
derives from the time when sutures were much thicker
than those used today. The finest suture then was
designated gauge 1, with gauge 2 and upwards applying
to heavier sutures. As finer and finer sutures came into
use, the scale had to be taken progressively backwards
from 1, i.e. gauges 0, 00 (i.e. 2/0), 000 (3/0) and so on
Nowadays, the finest suture is 10/0 which is used for
extremely delicate surgery such as in the eye. A more
rational metric gauge, based on suture diameter, i1s in use

but the traditional gauge is still more widely used. A

simple guide to the use of different gauges is outlined in

1§11\11_l\.

KEY POINTS
Box 6.6 Guide to suture gauges for common
procedures
Skin
® Face 5/0 or 6/0
® Hands and limbs 3/0 or 4/0
® Elsewhere 2/0 or 3/0

Abdominal wall
® Two strands of gauge 0 (‘loop nylon'), gauge 1 or
gauge 2

Gut anastomoses
® 2/0or3/0

Arterial anastomoses
® 2/0 down to 7/0 according to size of vessel

Microsurgery (e.g. eyes, microvascular, nerve repair)
® 7/0 down to as fine as 10/0

Principles of operative surgery

TYPES OF SUTURE NEEDLE

Vast ranges of needles have been le":-l.lt:Hr"d to accommao
date both the various different demands of general and
specialist surgery and the stringent requirements of micro-
surgery. Characteristics of needles and broad indications
for their use are summarised in Box 6.7 and illustrated in

Figure 6.3

METHODS OF SKIN SUTURING

I'he objective of skin suturing is to approximate the cul
edges so they will heal rapidly, leaving a minimal scar
Edges to be apposed should have been cut in a clean line
and |‘k'1'}‘l'[1d]'t'l\li‘ll' to the skin surface; ragged or .ln_x;]l'li

edges should be trimmed. The cut edges should be

capable of being brought together neatly and without

KEY POINTS
Box 6.7 Types of suture needle
1. Method of use
® Hand-held needles—routine for skin suturing;
sometimes used for abdominal wall closure
® Instrument-held needles—necessary for deeper
access and fine control

2. Shape of needle
® Straight—skin suturing
® Curved-half—circle used for most purposes,
quarter-circle for microvascular anastomoses,
three-quarter-circle for hand closure of abdominal
wall

3. Length of needle
® Range from 2-60 mm—according to depth of
penetration and delicacy of surgery

4. Tissue penetration characteristics
® Round-bodied with smooth pointed tip—most
soft tissues, e.g. gut, fat, muscle
@ Trocar point (semi-cutting}—moderately tough
tissues, e.g. atherosclerotic arteries, fascia
@ Cutting point—tough tissues, e.g. skin, breast
tissue

5. Means of attachment of suture to needle

® Needles with an eye requiring suture material to
be threaded by hand—mainly used in developing
countries so that needles can be reused

@ ‘Atraumatic’ needles with suture material already
attached (swaged into the end)—there is no
double thickness of suture material to cause extra
drag and trauma as it is pulled through the
tissues, and the suture material does not detach

from the needle during use

Ch
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Fig. 6.3 Various types of surgical needles

(a) Two half-circle round-bodied needles. the | eve’, and the smaller with the suture materia

needfe). Note the braided nature of the suture ma he largest and smallest needles in comr 1 use. The

needle with a semi-cutting point, used in the hanc abdominal wall closure. Note the twa strands of nylon swaaed into the end. The smaller
needl I5ed in ophtt surgery and has 1( 1aterial (enlarged in the inset). (€) Three shapes of needle. The straight needle has
utting point and is used for skin suturing. The edle is used mainly for femoral herria repairs, and the large half-circle nes
abdominal wall closure. (d) Two large needles showing t lifference ween ‘round-bodied' (above) and 'cutting’ ends (below)

tension; otherwise the wound may break down or the
scar slowly stretch, giving an ugly result. To achieve this,
it may be necessary to insert a layer of subcutaneous
sutures or even mobilise the skin by undercutting in the
fatty layer (see Fig. 6.4). Undue laxity should also be
avoided by trimming excess skin

There are many techniques of skin closure, the choice
being governed by the nature and site of the operation
and by the surgeon’s personal preference. In general,
facial wounds are closed with multiple fine sutures
which are removed after 4 or 5 days. Abdominal and
chest wound sutures are generally removed after 7 days,
while sutures for wounds on the back are best left in situ
for 14 days to minimise wound stretching.

Subcuticular sutures, either non-absorbable or absorb-
able, are often used for longer wounds in cosmetically
sensitive areas, provided the risk of infection is low.
Elsewhere, the choice is between interrupted and

continuous suture techniques. Interrupted sutures are
indicated if there is a risk of infection; if infection
develops, some sutures can be removed early to facilitate
drainage. If the risk of infection is high, e.g. large bowel
perforation, skin wounds are better left open and closed
48-72 hours later by delayed primary closure. The
commonly used methods of skin suturing are illustrated

in Figure 6.5

Clips and staples

Stainless steel clips (e.g. Michel clips) have been used for
several decades for closing skin wounds and are popular
for neck incisions after thyroidectomy. As the clips do
not penetrate skin yet give good edge apposition, the
cosmetic result is excellent. Staples are a relatively recent
development in surgery and various instruments are

used for both skin closure and bowel surgery. The skin
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Fig. 6.5 Commonly used skin closure techniques

closure devices are similar in concept to ordinary paper
staplers, with staples stored in a magazine and applied
singly instead of sutures. More complex devices, w hich
apply multiple staples simultaneously, either in a linear
or circular fashion, are available for bowel anastomoses
and closure of tubular viscera. Some of these devices
have revolutionised surgical practice, e.g. reanastomosis

e < |
]

of colon to rectum after Hartmann's resection or
bronchial stump closure. When used for internal viscera,
the staples remain in place indefinitely (see Fig. 6.6)

POSTOPERATIVE WOUND
MANAGEMENT

Once a wound has been closed, the doctor has three
main responsibilities: choosing the dressing, monitoring

Principles of operative surgery
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Fig. 6.6 Inguinal hernia wound closed with staples

the progress of healing and deciding when to remove the

sutures.
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'he purposes of dressings for surgical wounds are as

follows

® To maintain the wound in a warm and moist state
most conducive to healing

@ To absorb or contain any superficial bleeding or
inflammatory exudate

® To protect the delicate healing tissue from trauma,
bacterial contamination and interference

® To prevent sutures catching on clothing or other objects

o conceal the wound from view
® To apply pressure to the wound if haematoma
formation is likely

TYPES OF WOUND DRESSING

For small surgical wounds, particularly on the face, a

dressing is often unnecessary as the linear crust of

inflammatory exudate performs this task admirably. In
most other cases, prepacked adhesive dressings are
used, incorporating an absorbent pad with non-stick film

in contact with the wound surface. While convenient

these dressings mav conceal accumulations of blood

inflammatory exudate or infected discharge. Wound
inspection then requires painful removal of the dressing
which can be an opportunity for infection to enter
[ransparent semipermeable plastic film dressings neatly
overcome this problem but are unsuitable for discharging
wounds

Paraffin gauze (tulle gras) is used mainly for covering
raw areas (e.g. skin-graft donor sites). However, its non-
stick paraffin content rapidly declines and blood clot and
tissue proliferation soon incorporate the dressing via its
open weave. As removal tends to damage the delicate
new epithelium, alternative dressings such as saline-
soaked gauze, calcium alginate (seaweed origin), hydro-
colloids and hydrogels are often preferred. Newer
dressings offer a more ideal wound environment with
increased hvdration, fewer dressing changes and greater
comtfort. Cost eftectiveness is an issue vet to be resolved

Gamgee is a thick cotton wool dressineg material
enveloped in a thin layer of gauze; this is variously used
for padding sites vulnerable to trauma (e g. amputation

stumps), as pads beneath pressure bandages or as

absorbent dressings for leaking wounds. Dry dressings
are wads of dressing material (e.g. cotton gauze), usually
taped or bandaged in place. Dryv dressings need regular
replacement and may be prevented from sticking by first
placing a piece of non-adherent dressing material (e.g
Melolin, N/A dressing)

dressings are used for infected wounds, exudate must

against the wound. If dry
not be allowed to permeate to the surface as bacteria
rapidly spread from here into the environment (‘strike-

through')

REMOVAL OF DRESSINGS AND SUTURES

Provided the dressing remains clean and dry and the
patient afebrile and generally well, there is no need to
inspect clean surgical wounds until the time of suture
removal. If wound complications are suspected, the
dressing should be removed and the wound checked
and redressed as appropriate. If infection is apparent, a
wound swab should be taken for culture and sensitivity:
spreading cellulitis requires antibiotic therapy, whilst
localised abscess formation requires suture removal and
probing to effect drainage.

Skin sutures should be removed as soon as the wound
is strong enough to remain intact without support. On
the back and around joints, this can take 14 days; on the
abdomen, it takes about days (longer in the case of
steroid therapy or infection); on the face and neck healing
is rapid and less influenced by functional stresses. Here,
sutures can be safely removed after 3-5 days, giving a

"‘i.'! ter cosmelic T'I_"=H[l.

MANAGEMENT OF DRAINS IN THE
POSTOPERATIVE PERIOD

Abdominal drains provide a potential route for infection
to enter the abdomen even though the intra-abdominal

pressure

pressure nearly always exceeds the external
I'he risk can be minimised by ensuring the drain opens
into a sterile environment such as a drainage bag (closed
drainage) and by removing the drain as soon as its task
15 completed. Decisions about removal of drains should
rest with the operating surgeon who will undoubtedly
|‘|l|\ L+ }H"I'\-HIL'I] I‘l'l"L‘i'l'Ill_t'\.

F'he general principles of drain management are as

follows:

® Suction drains help to collapse down spaces left in the
tissues at operation as well as to drain blood and
inflammatory exudate. These drains are mainly used
after extensive excisional SUrgery w here a |.'|I'_'_'|L'
enclosed raw surface remains, e.g. after mastectomy;,
thyroidectomy or excision of the rectum. High-
vacuum suction drains, however, should not be used
near bowel for fear of suction perforation. A suction
drain is usually retained only for 24 hours after
operation unless substantial drainage (e.g. > 30 ml
24 hours) persists for longer

® Non-suction drains (e.g. large-bore silicone or rubber
tubes, or corrugated drains) are mainly used for
bowel and biliary anastomoses and in abscess
drainage. In this case, the drain is left in place for
about 5 days. Some surgeons prefer to withdraw the
drain in stages so that the deep part of the drainage
tract can collapse progressively, reducing the risk of

leaving a deep pool of fluid




FLEXIBLE ENDOSCOPY

PRINCIPLES OF FLEXIBLE ENDOSCOPY

Strictly speaking, endoscopy applies to any method of
looking into the body (see Table 6.2) through an instru-
ment, either via an orifice such as the nose or mouth,
or via an artificially created opening (e.g. laparoscopy
thoracoscopy or arthroscopy). Endoscopy using simple
tubular instruments has been in use for many years
and most of these methods are still in regular use, e.g.
rigid sigmoidoscopy and oesophagoscopy. Develop
ments in fibreoptics first led to a major improvement in
illumination for conventional rigid endoscopes and later
to the creation of flexible instruments which greatly
extended the range and sophistication of endoscopic
diagnostic and therapeutic techniques. The unqualified
term endoscopy is often employed to mean gastro
intestinal endoscopy using flexible instruments with

Principles of operative surgery

fibreoptic illumination and fibreoptic or video image

fransmission

Fibreoptic illumination

Rigid endoscopes and the early flexible instruments
were illuminated by tiny incandescent bulbs which were
prone to failure. The amount of light they could emil
was limited by the production of waste heat. These were
superseded by fibreoptic light guides in both rigid and
flexible endoscopes

Fibreoptic light guides are used to channel light from
a powerful, fan-cooled light source remote from the
patient to the distal end of an endoscope. The light
guides are made up of thousands of parallel glass fibres,
each with total internal reflection, so that very little light
is lost in transmission and no heat is transmitted. A
powerful, cool light beam thus emerges from the distal

end of even the longest endoscope.

Table 6.2 Summary of minimally invasive/minimal access approaches to diagnosis and treatment

Specialty area
(in alphabetical order)

Diagnostic applications

Abdomen ® Diagnosis of fluid collections e.q

Therapeutic applications

T iltra grapt I L] pling 1eCro
41 i oy i ® 7 i ved lvmnh i HOM |
co th idioinimg r :
2xt and bo bE&BY9
Anal canal ® Froct the 3l car 1 | ® Injection or banding of haem
necessary, bior 15 ® neal operations for recta
® anal resection of tumours
Arterial ® Arteriography (conventional or digital ® Percutaneous transluminal angioplasty of
subtraction: tic resonance anqiagraphy) arterlal stenoses (PCTA)
demonstrating the sites and severity of ® Percutaneous thrombolysie
arterial obstruction or aneurysms ® Embolisation for t |r"--|'|-_:,"'|_l':.. urs/Av
selective or highly se angiogr maltormations/preo t
i id vascular lesior
byle | su ® Sienting of oblite
% ® | na )
@ und or CT diag tic ar
d Ir
L " 1 f
nlitea i
e ! —
Biliary (see also Pancreas ® Distal duod I f ® End pl y 10 e
@ 10 1 | tone 3. in
® Stent i fuct
T
Breast ® Fine needle 1 cytology of solid lump: ® Ultrasound guided aspiration of cyst
@ Stereotactic FNA or biopsy of mamimi graphically

detected lesions suspected ¢

1 malignancy
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1 Specialty area
(in alphabetical order)

Cardiac

Chest

Gynaecology

Oesophagus

Orthopaedics

Pancreas

Rectum and Colon

Diagnostic applications

Therapeutic applications
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Table 6.2 Continued Ch
Specialty area Diagnostic applications Therapeutic applications e
(in alphabetical order)
Stomach and for ulcers ar L]
Duodenum @
" na ®
Urolog treatment and follow-ug [ ]
Frndaoscopi usually 3 2
rigid but latterly flexible ® Poor urinary stream (assessment of bladder ®
neck and prc Istruction) strictures aor external compre
® Ureteric obs (ureteroscopy or retrograde ® Balloon dilatation of stenosed [1-5-|'-,f|- Ireteric
ureterography) junction via transurethiral route
Percutaneous ® Direct endoscopic stone destruction and
removal: indirect stone destruction using
lithotripsy
® Placement of suprapubic catheters
Venous system ® Duplex Doppler ultrasound scanning—for ® Subfascial endoscopic perforator surgery (S
diagnosing deep and superficial venous for treating venous ulceration
1
Image transmission operating tools such as tiny forceps tor taking biopsies,
< grasping forceps for retrieving foreign bodies, laser
I'he second development that was crucial in the design ; .
: : guides for therapy (haemostasis or tumour destruction),
of flexible endoscopes was the manufacture of coherent 2= : : :
- 2 e . i snares for excision polyps, diathermy wires, scissors for
viewing bundles. In these bundles, the orientation of ; :
; ; 3 ol cutting sutures and needles for injecting haemostatic
fibres at the distal end exactly matched that at the tl '
. ! . . dgents.
proximal viewing end. Each fibre thus transmitted a tiny :
part of the distal scene to the viewing end. Here it could
be inspected or photographed with a still or video camera,
[he view is nol altered by angulation of the flexible APPLICATIONS OF FLEXIBLE ENDOSCOPY
conduit between the ends. The distal end of most flexible . . .
., . Flexible endoscopes were first used to inspect the stomach
endoscopes allowed a viewing angle of over 100°, and ; ; :
A _ in the late 1960s and the range of available instruments
the lenses gave a remarkable depth of focus. The image =
y A 7 has progressively expanded since. There are now instru-
was so clear that accurate diagnosis could often be made §
. : . ments available to inspect and cannulate the duodenal
on inspection alone. A later development is the CCD .
, ; . papilla, to examine all or part of the large bowel, to
(charge-coupled device) video camera, a light- and colour- _ . . _ ;
. . inspect the interior of the bile ducts at operation and to
sensitive microchip placed at the distal end of a flexible . .
: examine the bladder interior using only local anaesthesia,
endoscope. The image is transmitted via an electrical :
; ; as well as many others.
cable and is viewed on a large colour television monitor ! o :
Choledochoscopes are rigid or flexible instruments
and not through an eyepiece. This system has now largely E
e i 0 s used to inspect the interior of the bile ducts at open or
I"{‘}"].IL ed the older direct view Ing system.
laparoscopic operation to ensure any stones are cleared
T'heir use has improved the rate of stone clearance during
. exploration of the common bile duct.
Structure of flexible endoscopes } . :
Narrow fibreoptic bronchoscopes can be passed under
Most flexible endoscopes include a mechanism to steer simple topical anaesthesia. They are used to inspect
the distal end in four directions (except for specialised bronchi for disease and can be used to aspirate mucus
ultra-slender scopes for intravascular use, for example); plugs responsible for postoperative lobar collapse.
a distal imaging chip for video endoscopy; one or two Angioscopy was developed for inspecting and
fibreoptic light guides; a suction channel; and a channel guiding procedures within arteries. It employs slender
for inflating the hollow viscus under inspection with air, flexible endoscopes 2-4 mm in diameter with a constant
doubling as a lens washing channel (see Fig. 6.7). The flow of saline to exclude blood. Unfortunately, they have
suction channel is also used to pass slender flexible proved to have little clinical application. 82
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Fig. 6.7 Flexible fibreoptic gastroscope
(a) tr : ¢

Je
t is displayed
Further applications of flexible endoscopy will un ® Benign ulcers and early malignancies are
doubtedly appear as endoscopes become smaller and indistinguishable on radiology whereas suspicious
more sophisticated lesions such as ulcers can be inspected and biopsied

at endoscopy
® Shallow mucosal abnormalities like superficial
DIAGNOSTIC UPPER ulceration or vascular malformations can be inspected
GASTROINTESTINAL ENDOSCOPY Al '

endoscopy

. reflux through the pylorus may be visible al
Oesophago-gastro-duodenoscopy, also know | .
) enadoscopy

Ves Inspectio

of the

L I‘._',J'HI roscopy,

mmtestinal mucosa usi i ] 1 -
1 " " _:-""I (8
endoscope. It 1s usually carried out under
‘ : ; 5 ecogniti
sedalion on a dav-case basis. Among other plication v
g ; n radiology
Lhe le a I el I e ul I "
- ® bEndoscoj
tey | fit d MOT ns & :
examined v
: 1 " . i mdicatio
Flexible endoscopyv has the following advantazes over R .
- likelithood of
j.'_.l--\fl-'i|1f|----||!'..!| contrast rachiology
impossible ra
® Structural abnormalities such as chronic ulcers can be ® During endoscopy, therapy may be applied during
directly inspected whereas radiology provides only a the same procedure e.g. injection of source of acute
two-dimensional image which gives little information bleeding, retrieving swallowed fore ody;,

84 about surface characteristics placement of feeding gastrostomy tube




THERAPEUTIC UPPER
GASTROINTESTINAL ENDOSCOPY

Treatment of upper Gl haemorrhage

First-line therapy for upper Gl haemorrhage due to
bleeding ulcers typically involves the injection of the
ulcer using adrenaline solution alone or in combination
with sclerosants. Other treatments such as laser or direct
heat coagulation have proved less effective, but are still
used. With such techniques, the need for urgent surgery
has been substantially reduced. Patients who have acute
haemorrhage from benign lesions arrested by these
methods can often be managed in the long term withoul
resort to surgery, The subject is discussed in more detail
in Chapter 12. Haemorrhage due to oesophageal varices
is now treated preferentially by endoscopic rubber-band
ligation or injection sclerotherapy.

Treatment of oesophageal strictures

Endoscopic methods are often used for dilating benign
oesophageal strictures, The endoscope is passed until the
stricture is visible and then a flexible wire is passed
through it into the stomach. The endoscope is removed,
leaving the wire in situ. Plastic (Celestin) or metal (Eder-
Puestow) dilators of increasing size are then passed over
the wire which guides them safely through the stricture
until sufficient dilatation has been achieved. The
technique is relatively safe, can easily be repeated and
avoids the need for a general anaesthetic, which is
necessary when a rigid oesophagoscope is used. There
is a small risk of oesophageal perforation but this is
uncommon (see Fig. 6.8).

Dysphagia caused by an inoperable malignant stricture
can be improved by creating a pathway through the
tumour with endoscopically guided laser fulguration.
Unfortunately the tumour inevitably recurs and multiple
treatments are likely to be necessary. However, swallow-
ing can be maintained and the patient’s quality of life
thereby
cases, a stent can be placed endoscopically to keep the

improved without major surgery. In other
oesophagus open. This involves first dilating the stricture
as for a benign stricture and then pushing a collapsed
metal expanding stent covered with cloth down the
oesophagus until it lies across the stricture. The cover is
removed from the stent as it is deployed and it expands
outwards. It also avoids a risky operation and may
provide worthwhile palliation for an obstructing tumour

DIAGNOSTIC AND THERAPEUTIC DUODENOSCOPY

A side-viewing duodenoscope can be used to inspect the
duodenal papilla and guide insertion of a cannula or a
variety of therapeutic tools. Cannulation allows injection

of contrast material into the common bile duct and
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Fig. 6.8 Pneumomediastinum following perforation of
an oesopheageal tumour during endoscopy

15 2b-year-old man who was Deing Ins fed 1o

separately into the pancreatic duct. The technique
is known as ERCP (endoscopic retrograde cholangio-
pancreatography (see Fig. 6.9 and Ch. 11)) and is now an
important part of gastroenterological investigation. It is
used to image the biliary duct system in preference to
percutaneous transhepatic cholangiography.

ERCT can be thought of as diagnostic and therapeutic.
Indications for diagnostic ERCPP may be decreasing, as
newer and safer techniques such as MRCP (magnetic
resonance cholangio-pancreatography) become available.
A therapeutic ERCP allows management of many
disorders of the bile ducts, allowing minimal-access
techniques and short hospital stays for problems that
would previously have required difficult, time-consuming
and dangerous operations. For example, bile duct stones
can often be removed endoscopically by slitting the
sphincter at the lower end (sphincterotomy) and
retrieving them with a balloon catheter or a Dormia
basket. Other therapeutic measures include insertion of
stents for palliation of malignant biliary obstruction
(cancer of pancreatic head, bile duct or duodenum) and

for managing a postoperative bile leak.

LARGE BOWEL ENDOSCOPY (COLONOSCOPY)

Flexible endoscopes of different lengths are available for

o0

large bowel examination (see Fig. 6.10). The shortest, the
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fibreoptic sigmoidoscope, is about 60cm long. It is
simple to use and allows examination of the rectum,
sigmoid and descending colon with minimal bowel
preparation. Longer colonoscopes enable inspection of
the entire large bowel including the caecum. Colonoscopy
affords visualisation of pathological lesions, and offers
an opportunity to biopsy the suspicious lesions or resect
lesions such as polyps. Its use in the follow up of
patients with colorectal cancer allows the search for new
tumours or polyps (metachronous lesions) as well as
assessing the original site of the surgery. It use in the
screening of asymptomatic patients for colorectal carci-
noma is controversial, mainly because of lack of patient
compliance. Colonoscopy is indicated in the surveillance
of patients with long-standing ulcerative colitis. It is here
that the development of dysplasia is sought by taking
multiple biopsies. Acutely bleeding angiodysplastic lesions
can be treated with diathermy.

UROLOGICAL ENDOSCOPY

Endoscopic urology is becoming a progressively larger
part of urological surgery. Most is still performed
with rigid instruments but flexible instruments are
being increasingly used for diagnostic cystoscopy and
ureteroscopy

Cystourethroscopy (cystoscopy) using a rigid instru-
ment is the main diagnostic and therapeutic tool for
disease of the urethra, prostate and bladder. Transurethral
resection of the prostate has virtually eliminated the
need for open retropubic prostatectomy and most early
bladder tumours can be treated endoscopically. A similar
but longer instrument, the ureteroscope, can now be used

Fig. 6.9 Stenting of biliary structure

(a) ERCF showing malignant stricture of common bile

duct M due to cholangiocarcinoma. (b) Stent S placed
(b) endoscopically across stricture for palliation

for retrieving stones from the lower half of the ureter.

Endoscopic methods of percutaneous stone removal
from the renal pelvis have become increasingly available
(percutaneous nephrolithotomy). This involves creating
a channel from the skin into the renal pelvis and dilating
it until an endoscope can be passed. When the stone is
seen, various instruments can be used to fragment it and
effect removal.

Fig. 6.10 Colonoscopic view of normal transverse colon
Ihe transverse colon Is typically triangular in cross-section when seen

calonoscopically; the taenia coli form the apices
f




MINIMAL ACCESS SURGERY

After many years of sporadic attempts to reduce the
trauma caused to patients by open surgery, the last few
vears have seen an explosion in interest and rapid
development of techniques to achieve accurate diagnosis
and provide treatment with the least possible tissue
injury. Laparoscopic surgery was the first to catch the
public’s imagination but other techniques such as
lithotripsy, percutaneous stone removal and angioplasty
advanced in parallel. Initially called minimally invasive
surgery, the principle of minimal access surgery is that
if less tissue is damaged by avoiding or minimising
surgical incisions, then less pain is likely to be
experienced afterwards and the physiological responses
to injury which retard recovery will be reduced. The
result was intended to cause less patient suffering and
allow a more rapid return to normal life. Gynaecologists
led the way with laparoscopic diagnosis and procedures,
particularly tubal ligation, but little development in
instrumentation occurred until laparoscopic cholecyst-
ectomy emerged as a viable and extremely popular
option. The pioneers stimulated the interest of general
surgeons, and enthusiasm for these novel techniques
(untested by the usual scientific criteria) was shared by
uncritical popular media and the public. As interest and
demand grew, commercial companies invested heavily
to develop and improve laparoscopic equipment. ‘Chip’
CCD cameras appeared which allowed superior full-
colour images, and practical courses proliferated rapidly
to teach the techniques to surgeons.

Progress and diversity in minimal access surgery
and radiology is unstoppable because of demand from
interested clinicians and patients, as well as from health
economists who believe some of these techniques save
money by reducing hospital stay. On the negative side,
the high cost of equipment, particularly if disposable
instruments are used, the additional time taken for some
procedures, as well as reports of high rates of serious
complications, demand that proper controlled studies
are performed and the techniques evaluated without
emotional pressure. The phase of extreme enthusiasm
has now passed and each technique is being critically
evaluated against previous standards of open surgery.
The expected result is that some techniques will become
standard practice, some will disappear altogether and
others will find favour for particular groups of patients.

An example of rapid progress in minimal access surgery
is provided by cholecystectomy. Early laparoscopic
cholecystectomy was hampered by poor equipment,
poor imaging and lack of experience. Now that equip-
ment is first class, experience has disseminated and audit
is in place, the indications, contraindications and risks
have largely become clear,
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LAPAROSCOPY

Laparoscopy or peritoneoscopy has been in wide use
clinically by gvnaecologists since the early 1970s for
diagnosing pelvic disorders and for sterilisation by tubal
ligation. In the early days, laparoscopy had limited
application in general surgery and was largely confined
to visually guided liver biopsies. The first therapeutic
gastrointestinal procedure was probably an appendi-
cectomy performed by Semm in 1983; in 1987, Mouret
first removed a diseased gall bladder laparoscopically in
France. Since then, the techniques have been adopted on
a broad scale by general and thoracic surgeons as a
method of performing abdominal and thoracic operations
via a series of small abdominal punctures rather than
through large incisions.

Laparoscopy in general surgery has both diagnostic
and therapeutic applications. The diagnostic applications
are well recognised and are used increasingly as surgeons
gain experience. As regards therapeutic applications, the
advantages and potential complications of laparoscopic-
guided biliary tract surgery and thoracoscopic thoraco-
dorsal sympathectomy are now well understood. How-
ever, some of the results of ‘this great uncontrolled
experiment’ have been catastrophic in inexperienced
hands, prompting more intense scrutiny of other novel
applications such as appendicectomy, inguinal hernia
repair, laparoscopic-assisted colectomy and many others.
These are at various stages of investigation, controversy
and acceptance.

Thoracoscopy is a variation on laparoscopy and
uses similar instruments for diagnostic and therapeutic
applications in the thorax (see details in Ch. 24).

TECHNIQUE OF LAPAROSCOPY

Laparoscopy is usually performed under general anaes-
thesia. A pneumoperitoneum is first created to allow
visualisation of the peritoneal cavity by introducing
carbon dioxide under controlled pressure. This is done
most safely by direct visualisation of the peritoneal space
and placement of a Hasson-type cannula. The use of an
insufflation needle (Verress needle) is still popular,
especially among gynaecologists, but it requires gas to
be insufflated without confirmation of the correct ana-
tomical location. The needle is replaced with a 10 mm
working laparoscope with a video camera attached to
display the image on video monitors before placing
further cannulas.

Most laparoscopic procedures need additional ab-
dominal punctures for instruments such as diathermy
hooks, graspers, needle holders, clip appliers and linear
staplers. These secondary trocars are inserted under

direct laparoscopic vision to prevent visceral injury.

o2
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I'he operation is performed by the operator and one

or more assistants, observing progress on video
monitors. Dissection is performed using laparoscopic
scissors and diathermy hooks rather than lasers which
are expensive and hazardous. Grasping forceps, probes
or retractable ‘fans’ are used for retraction whilst blood
vessels can be diathermised if small or clipped using clip
applicators if larger. Repairs and other operative
i\:u..'.inrw are completed using l-.1;“c!rn~r-.rp:. sutures or
staples and resections performed using linear or circular
staplers. In laparoscopic-assisted surgery—for example,
for colectomy—the major dissection is performed laparo-
scopically, then a small abdominal incision made to
deliver the specimen.

After operation, patients experience abdominal dis-
comfort at trocar insertion sites and shoulder discomfort
from retained gas in the peritoneal cavity. Few restrictions
are placed on the patient after discharge, who can return
to work as soon as comfortable, often after a few days.
Hopes for extremely rapid return to work, however,
have not been borne out by controlled studies comparing
laparoscopic cholecystectomy or hernia repair against
conventional open techniques. Overall pain experienced

1s less but the o« benelit ratio remains to be ascertained

DIAGNOSTIC LAPAROSCOPY

Diagnostic laparoscopy has long been used by individual
surgeons ftor assessing « ||I~II1iL‘ Ii\'L‘I’ diw'.-]'kt' .i!ld ascites
of unknown origin. Recent advances in instrumentation
and imaging now allow surgeons to perform abdominal
exploration almost as thoroughly as through a long
l.qnir'nlm'ﬂ\' incision. Key ,np;'nllx'ntmna are In staging gastnc
and pancreatic cancer to assess operability by inspection,
obtaining peritoneal washings and performing biopsies.
By this method, patients with incurable disease are spared

the trauma of exploratory open surgery (Box 6.8).

THERAPEUTIC LAPAROSCOPY

\s mentioned earlier, therapeutic laparoscopy was
slower in becoming acc l'!"-ll_'ki in general surgery than in
gynaecology. Strong public interest and rapidly developing
experience in laparoscopic biliary tract surgery have
enhanced its use but some techniques have vet to be
I‘I'Ili‘l'l']\ evaluated

lhorough training and supervised experience are
vital for would-be laparoscopic surgeons. The lack of
‘feel’ inherent in laparoscopic surgery and the two-
dimensional view remove much of the feedback of open
surgery and novel techniques have to be learned. Patients
undergoing laparoscopic surgery sometimes have to

be ‘converted” to open surgery if progress is slow, if

KEY POINTS

Box 6.8 Potential indications for diagnostic
laparoscopy

® Evaluation of acute or chronic liver disease

® Diagnosis of ascites of unknown cause

@® Evaluation of acute or chronic abdeminal pain, e.g
suspected appendicitis, gynaecological pain

® Diagnosis and staging of intra-abdominal
malignancies (including evaluating the effects of
chemotherapy or radiotherapy on intra-abdominal
malignancies)

® As a 'second-look’ procedure in patients operated
on for mesenteric ischaemia

® Assessing blunt or penetrating abdominal trauma in
stable patients with positive peritoneal lavage

® Exclusion of acute acalculous cholecystitis after
major trauma or surgery in ICU patients

visibility is impaired or if complicating factors such as
adhesions make it too difficult to evaluate the anatomy.

l'his means that any surgeon undertaking laparoscopic

procedures must have the experience to perform the
I

procedure open As more surgery is performed
laparoscopically, available experience becomes scarce

and this represents a potential 1~1|.E\]._-m for the future

CRITICISMS
Criticisms of laparoscopic surgery include the following;

® [Procedures tend to take longer than open surgery (the
ditference becomes smaller as the team’s experience
increases)

® The capital cost of laparoscopic equipment and the
revenue costs of disposable equipment are high; these
can to a certain extent be justified by reduced time
spent by the patient in hospital and by the use of non-
disposable equipment

® Cleaning and sterilising of the delicate equipment
requires dedicated and organised theatre staff and
strict quality control

e ( .un;\ln.iln-n rates may be higher than for open
surgery and some complications such as bile duct

injury mas lu‘(.i!.l\ll'nf‘}lh

COMPLICATIONS

I'he potential for complications is greater in laparoscopic
surgery than for the equivalent procedure performed

‘open’. 'roblems include the following:

® Raised intra-abdominal pressure and head-down

positioning lead to the need to ventilate patients al




higher inflation pressures. This reduces venous return
and cardiac output. Intra-abdominal pressures should
be kept to a minimum, e.g. 15 cm H,O

® The inducing of a pneumoperitoneum (needle injury
to bowel or blood vessels, compression of venous
return predisposing to deep venous thrombosis,
subcutaneous emphysema, shoulder tip pain)

® Inadvertent injury can occur to many structures and
may be unrecognised because the procedure is
concealed. This includes injury to the abdominal wall
(including the diaphragm) during needle or trocar
insertion; trocar injury to intra-abdominal organs and
blood vessels; or direct organ damage by dissection,
diathermy or laser. Colonic resections have caused
damage to nerves controlling urinary continence

® Uncontrollable haemorrhage may necessitate
conversion to open operation

e Complications related to the duration of anaesthesia
which mav be twice as long as 1_‘n|ll!\'.1iL‘1’1[ open
surgery. Long anaesthetics have a longer recovery
time and the diaphragm is ‘splinted” by abdominal
inflation and can precipitate cardiorespiratory
complications in compromised patients. There may be
an increased rate of deep vein thrombosis

@ later, bowel may strangulate through peritoneal
punctures and incisional hernias can occur through
puncture wounds

SPECIFIC APPLICATIONS OF THERAPEUTIC
LAPAROSCOPY

Laparoscopic cholecystectomy i1s w idely pr'aciiwd and is
already a standard operation. Laparoscopic appendi-
cectomy is also accepted but is performed less commonly.
Laparoscopic inguinal hernia repair is widely performed,
and controlled trials show that in expert hands it can
have better results than some open hernia repair tech-
niques, Other procedures described below and listed in
Box 6.9 have vet to become incorporated into the standa rd

repertoire of the general surgeon.

Laparoscopic fundoplication

Laparoscopic fundoplication allows a rapid return to
normal levels of activity for patients. The technique
involves in part, the dissection of the gastro-oesophageal
junction at the hiatus, and the wrapping of the gastrii
fundus around the lower oesophagus. This ‘wrap’ is
then sutured in place over a bougie to size the new
valve. Clinical trials show it to offer a durable result
which is comparable to open fundoplication. However,
the availability of the technique should not replace the
need to apply normal standards for electing for surgery

rather than conservative management.
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Box 6.9 Current and experimental therapeutic 6
applications of laparoscopy
Eholecystectomy (described in Ch. 13)
Appendicectomy
Colonic resection—benign and malignant disease
Division of symptomatic adhesions
Inguinal and femoral hernia repairs
Small bowel surgery—including resection and
enteral access procedures
@ Peptic ulcer disease (vagotomy and piugging of
duodenal perforations)

® Symptomatic oesophageal reflux (Angelchik
prosthesis; round ligament sling; Nissen
fundoplication)

® Nephrectomy

® Splenectomy

Laparoscopic appendicectomy

Appendicectomy for acute appendicitis is one of
the most frequently performed operations by general
surgeons. Laparoscopic appendicectomy offers improved
diagnosis with the ability to examine the entire abdomen
if the appendix is normal, a lower rate of wound com-
plications, reduced postoperative pain and hospital stay,
and perhaps more rapid return to normal activities.
Laparoscopic appendicectomy may offer a lower rate of
pelvic adhesions because of reduced trauma; this is an
advantage in young females. Conversion to open surgery
is around 2.5% in experienced hands. The main problem
is that an experienced laparoscopic surgeon needs to be
available to perform the operation.

Laparoscopic management of duodenal ulcer
perforations

Duodenal ulcers usually perforate anteriorly and can
easily be seen with the laparoscope. Under laparoscopic
vision, the ulcer is closed laparoscopically using a long-
term monofilament absorbable suture such as PDS. To
further shore up the repair, a piece of greater omentum
may be secured to the duodenum with laparoscopically
placed sutures. The peritoneal cavity is irrigated using a
pressure irrigator and the fluid sucked out. The initial
enthusiasm for this technique has faded in recent years.

Laparoscopic placement of enterocutaneous
jejunostomy tube

For long-term enteral feeding where a gastrostomy 1s

unsuitable, a fine-bore feeding tube can be placed into 89
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the jejunum using laparoscopic techniques. This avoids
the need for laparotomy.

Laparoscopic inguinal hernia repair

The standard open techniques for inguinal hernia repair
are based on Bassini's extraperitoneal groin approach
described in 1884. Open transabdominal repairs were
performed in the 1930s but carried the increased mor-
bidity associated with abdominal operations. Renewed
interest has arisen in laparoscopic transperitoneal and,
latterly, extraperitoneal approaches which may involve
even less dissection than the open groin approach; they

SOFT TISSUE SURGERY.

are believed to reduce the likelihood of damage to testicular
vessels, bladder and ilio-inguinal nerve (particularly for
recurrent hernias). The promise of less postoperative pain
and faster recovery than the open groin approach has
not been fulfilled for unilateral primary hernia repairs.
Furthermore, disturbing complications such as femoral
artery damage have been reported. In addition, laparo-
scopic repairs take longer than open techniques in most
hands. Although inguinal hernia repairs are increasingly
performed laparoscopically, evidence about long-term
recurrence rates does not yet exist. It seems likely that
laparoscopic repair will be of particular value for re-
current hernias and bilateral hernias.

METHODS OF OBTAINING TISSUE FOR
DIAGNOSIS

Biopsy

If major surgery or other therapy is being contemplated
for a suspected malignant lesion, an accurate tissue
diagnosis should be made wherever possible.

Skin lesions can be biopsied by incision under local
anaesthesia. Rectal lesions can be biopsied using forceps
through a rigid sigmoidoscope, while gastric and colonic
lesions can be biopsied via a flexible endoscope. Breast
lumps or suspicious mammographic lesions can be sam-
pled using percutaneous core needle biopsy or by fine
needle aspiration cytology (see below).

Enlarged lymph nodes can often be diagnosed by
removing one or more completely for histological exam-
ination (excision biopsy), although many units can now
obtain satisfactory results by needle biopsy. Lymph-
adenectomy often requires general anaesthesia, particu-
larly for lumps in the neck.

Biopsy guided by ultrasound or CT scanning

Abdominal masses such as liver metastases or pancreatic
lesions can be biopsied percutaneously with the aid of
ultrasound or CT scanning. The suspicious lesion is first
located as an image and then a biopsy needle is guided
into it with the help of further imaging. Guided biopsy
techniques have greatly assisted surgical diagnosis and
have saved many patients from unnecessary exploratory

Many skin lesions are amenable to simple excision or
biopsy, often under local anaesthesia. These may be
performed in family medical practice or in derma-

laparotomy in the case of benign lesions and inoperable
tumours. The technique can be used to sample abdominal
masses or suspicious para-aortic lvmph nodes in staging
lymphomas or following treatment for testicular germ
cell tumours.

Cytology

Special staining techniques for malignant cells can be
applied to material obtained by fine needle aspiration.
Cytological diagnosis requires special laboratory skills
but often permits accurate diagnosis (e.g. of malignancy),
which renders more invasive investigations unnecessary.
A negative cytological result, however, must be interpreted
with great caution because it may be due to sampling
error.
Cytological diagnosis can be useful for the following:

® [Examining cells aspirated from solid masses. This is
particularly useful for thyroid nodules (see Ch. 43),
breast lumps and mammographically detected lesions
and pancreatic masses

® Examining ascitic fluid obtained from the abdomen
by paracentesis, or pleural effusions aspirated from
the chest. Fluid may also be sent for microbiological
analysis

® Examining cellular material scraped from surfaces,
e.g. uterine cervical smears, or fluid obtained from
within hollow viscera, e.g. urine, pancreatic
secretions, sputum

‘MINOR’ OPERATIVE PROCEDURES

tological or surgical outpatient departments. A strict
aseptic technique must be employed.




LOCAL ANAESTHESIA

The usual method is by infiltration of local anaesthetic
(e.g. lignocaine 0.5% or 1%) into the skin surrounding
the lesion. Between 1 and 10 ml of solution is usually
required, but care must be taken to remain within
recommended maximum safe dosages (see Table 6.3). A
vasoconstrictor (e.g. adrenaline 1 in 200000) may be
incorporated to reduce vascularity in the operative field,
but this must never be used on the extreme peripheries,
i.e. fingers, toes, penis or nose, because of the high risk of
ischaemic necrosis. The injecting needle should be as fine
as possible and inserted into the skin as few times as
possible to avoid causing unnecessary pain. Before each
injection, aspiration should be attempted to ensure that
the solution is not injected directly into a blood vessel
as intravascular injection may cause systemic toxicity,
Methods of infiltration of local anaesthetic are illustrated
in Figure 6.11

BIOPSY TECHNIQUES
EXCISION BIOPSY

I'he technique of excision biopsy illustrated in Figure 6.12
is appropriate for most small lesions not considered to be
malignant. The lesion is removed with a fusiform piece

of normal skin, with the long axis orientated along skin

Simple skin lesion excision

Zone of local
anaesthesia

Fig. 6.11 Local anaesthetic infiltration techniques
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creases and tension lines. The specimen should include a
millimetre or two of normal skin on either side of the
lesion and should include the full depth of the dermis
down to the subcutaneous fat.

Table 6.3 Maximum safe doses of local anaesthetic

agents for infiltration in fit patients

Lignocaine Bupivacaine (Marcain)
2% lignocaine is probably 0.5 Jupivacaine is prob
no more effective than 1% o no more effective than 0.25
even 0.5%

10 ml af 1% lignocaine
contains 100 mg

The maximum safe dose of
plain lignocaine is 4 mg/kg

body welght

0 mlof 0.5% bupivacaine

contains 50 mg

The maximum safe dose of
plain bupivacaine is 2 mg/kg
body weight

For a fit 60 kg adult, the For a fit 60 kg adult, the
maximum safe dose of 1% maximum safe dose of 0
plain lignocaine is 16-24 mi bupivacaine is 24 ml
With adrenaline, this dose can Addition of adrenaline does
e increased to 7 ma/ka body not inc the
Fo tE KQ It. the

I e dose K
qr ne with adrenaline

Ring block for local anaesthesia of digits

Cross-section
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Fig. 6.12 Excision biopsy technique

INCISION BIOPSY

Incision biopsy is a technique of obtaining a tissue
sample from a lesion too large or anatomically unsuit-
able for excision biopsy, e.g. a skin rash or a suspected
malignant tumour. Major surgical procedures or radio-
therapy should not be performed without histological
confirmation of the diagnosis. The objective is to obtain a
representative sample of the full depth of the lesion,
including an area of the margin and adjoining normal

tissue (see Fig. 6.13).

Destruction of lesions by diathermy,
electrocautery, cryocautery or curettage

These techniques are used for small lesions where there
is no clinical suspicion of malignancy or for small basal

cell carcinomas and a histological diagnosis is not
required; the lesion is destroyed in the process of removal
Local infiltration of anaesthetic is necessary except for
cryocautery which is relatively painless.

REMOVAL OF CYSTS

A cyst is a fluid-filled lesion, lined by epithelium and
usually encapsulated by a condensation of surrounding
fibrous tissue. The aim of treatment is to remove the
whole epithelial lining because any remnant will lead
to recurrence. The technique of removal is outlined in
Figure 6.14. Ideally, the cyst is dissected out intact with-
out puncturing the cavity. If this occurs, the cyst
collapses, making it difficult to identify and remove the
epithelial lining. Inflamed cysts are best simply drained
and excised later when the inflammation has settled.




MARSUPIALISATION

I'his technique is usually employed for the treatment ol
cysts or other fluid-filled lesions which are too large,
inaccessible or technically difficult to remove. It is rarely
appropriate for skin lesions but is often used for larg

salivary retention cysts in the floor of the mouth, cysts in

Fig. 6.13 Incision skin biopsy technique

1 Cyst 'de-roofed

2 Cystedge

sutured to
overlying
epithelium

Fig. 6.15 Marsupialisation of a cyst
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the jaw and pancreatic pseudocysts. The technique is
illustrated in Figure 6.15. The surgeon removes a disc
from the wall of the cavity and sutures the lining to the
overlying epithelium around the cut edge. This leaves a
pouch, which slowly fills from below once the pressure

of the cyst contents has been removed

cyst by blunt
dissection

4 Skin sutured

Fig. 6.14 Technique of excision of an epidermal cyst

Cha
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MANAGEMENT OF ABSCESSES

The first principle of managing an abscess is to establish
drainage of the pus. When an abscess is ‘pointing’ to the
surface, this involves a skin incision at the site of
maximum fluctuance followed by blunt probing with
sinus forceps or a finger (usually under general anaes-
thesia) to ensure that all loculi are drained; necrotic
material is removed at the same time.

After drainage, small abscesses need only a dry
dressing

(=0

the cavity filling in rapidly from beneath.
Larger and deeper abscesses need a method of keeping
the skin opening patent until the cavity has filled
with granulation tissue. A corrugated drain, which 1s
gradually withdrawn (‘shortened’) over a few days, will
achieve this or else the cavity may be packed with ribbon
gauze soaked in saline or antiseptic solution, e.g.
proflavine emulsion; these packs are usually changed
daily or every other day. Good analgesia is required
in the early stages. When the cavity is granulating, a
silicone foam dressing may be used. This is poured as a
liquid into the wound where it rapidly foams and sets.
The dressing is absorbent and can easily be removed,
washed and replaced. New dressings are made as the
wound shrinks.

MANAGEMENT OF INFECTED SURGICAL WOUNDS

Grossly infected surgical wounds must be opened up to
ensure free drainage, and cleaned. All necrotic tissue is
excised leaving only healthy tissue, and the wound
packed daily afterwards with saline-soaked or antiseptic-

The discipline of plastic surgery was born during the
First World War in response to the appalling dis-
figurement caused by blast injuries and burns. Since
then, specialised techniques of skin reconstruction have
progressed further, especially in the fields of axial flap
design and microvascular reconstructive surgery. The
scope of modern plastic surgery is outlined in Box 6.10.
There is a considerable degree of overlap and collabor-
ation between the field of plastic surgery and other
surgical specialties, especially ear, nose and throat,
maxillofacial and orthopaedic surgery.

TISSUE TRANSFER TECHNIQUES

Obtaining satisfactory skin cover is one of the major
problems in plastic surgery and other tissues such as

soaked gauze. The wound is usually allowed to heal by
secondary intention (see Ch. 1, p. 8), although a large
wound can be sutured later when infection is no longer a
problem (delayed primary closure). In the case of deep,
slowly healing wounds, a silicone foam dressing can be
employed.

MANAGEMENT OF DIRTY OR CONTAMINATED
WOUNDS

Major soft tissue injuries result in crushing and tearing
of tissues, leaving devascularised areas and deep im-
pregnation with soil, road grit or fragments of clothing,
If such a wound is merely sutured, pyogenic infection is
certain, and there is a serious risk of gas gangrene or
tetanus.

The principles of managing these wounds were first
established during the First World War, as follows:

® Thorough cleansing of all foreign material from the
wound (sometimes called ‘debridement’)

® Excision of all non-viable tissue (‘necrosectomy’)

® Loose open packing of the wound with dry cotton
gauze without suturing

® Inspection of the wound under anaesthesia 2—4 days
later, drainage of any new abscesses and removal of
any newly apparent non-viable tissue

@ Suturing of the wound when it looks clean, but
avoiding tension; this is known as delayed primary
closure. Alternatively, split skin grafting may be
employed

fat and muscle could not be satisfactorily transferred
without revascularisation. Free transplantation of full-
thickness skin (other than tiny grafts) or any other tissue
without revascularisation is usually unsuccessful.

lissue transfer can be achieved in three main ways:

® Skin grafts
® Vascularised flaps
® [ree ['ltli'mr«

Skin grafting

Split skin (Thiersch) grafting involves transplanting a
very thin layer of skin consisting of little more than
epidermis with no blood supply of its own. It depends
on nutrition from the recipient bed for survival. Split
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Box 6.10 The scope of plastic surgery

C_(;ng_;er';ital problems

@ Correction of congenital defects, e.g. cleft lip and
palate, syndactyly and polydactyly, prominent ears,
hypospadias, vascular malformations, craniofacial
deformities, congenital skin conditions, e.g. ‘port
wine stains’

Trauma

® Reconstruction after mutilating surgery or trauma,
e.g. skin cover for compound lower limb fractures,
vascularised bone transfer

® Management of facial soft tissue trauma

® Management of burns—grafting, management of
scars and deformities

® Hand trauma—tendon repairs, microsurgical nerve
and artery repairs, replantation surgery, e.g. digits
and limbs (p. 124)

Elective hand surgery
® Dupuytren's contracture, nerve decompressions,
rheumatoid disease

Cancer

® Cutaneous malignancies—excision and
reconstruction with grafts or local flaps

@ Major cancer surgery of the head and neck—excision
and reconstruction with free tissue transfer

® Breast reconstruction after mastectomy

Aesthetic (cosmetic) surgery

® Scar removal, breast reduction and augmentation,
*face-lifts’, eyelid skin reduction, nasal adjustment
including after trauma

® Surgery for obesity, e.g. abdominal skin reduction,
liposuction, apronectomy (for pendulous abdomen)

Miscellaneous, including reconstruction of large
defects
® Reconstruc

SOTL tissue sarcon

skin after radiotl

necrousing i'aSi'il'lI:\_ compartment syndrome

skin grafts are commonly employed for burns and after
wide excision of skin lesions, provided there is a
recipient base of healthy tissue. The donor site heals
rapidly since small islands of epithelium are left behind
(see Fig. 6.16). The donor site is potentially more painful
than the recipient but pain is well controlled if the donor
site is dressed immediately with calcium alginate or

plastic film dressings. These may be left in position for

several days until the wound has epithelialised. Creating

a ‘mesh’ of the graft helps it to take in certain circum-
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stances as it allows free drainage through the perfor-
ations. Small full thickness (Wolfe) grafts may survive
in certain circumstances. Examples include skin from
behind the ear transferred to a severed finger tip and
pinch grafts for leg ulcers.

Vascularised flaps

A flap has a blood supply of its own; a flap is not a graft.
The blood supply reaches the flap via its base and is
known as the vascular pedicle. Flaps can be advanced,
rotated or transposed into the defect to be filled and this
may provide sufficient mobility to close a moderate-
sized defect. If a new defect is produced as a result of
flap rotation, this clean area can usually be covered with
a small split skin graft. Most flaps now used are axial
flaps which employ established anatomical sites to
ensure a blood supply running along the long axis of the
flap. The early random flaps, devised by Gillies, were
limited in scope because there was no dominant blood
supply and this prevented construction of a flap which
was longer than its width. Another early technique was
the use of pedicle flaps in which a flap of skin was
raised and formed into a tube while remaining attached
to its site of origin at both ends. Later, one end of the
tube was divided and transposed to the recipient site;
later still the other end of the tube was divided and the
flap opened out, shaped and sutured at the recipient site
to reconstruct the defect. This, however, was a prolonged
procedure necessitating long periods in hospital and
uncomfortable immobilisation of the parts involved

Axial flaps are selected according to the site of the
defect and the tissues needed. A series of flaps are now
described, based on detailed anatomical studies of blood
supply. Flaps may be cutaneous, e.g. forehead flap,
fascio-cutaneous, e.g. the ‘Chinese’ radial forearm flap,
myocutaneous, e.g. latissimus dorsi, pectoralis major,
TRAM (transverse rectus abdominis myocutaneous)—
often used for breast reconstruction, and osseous, e.g.
fibula, radius, iliac crest and rib.

Free flaps

In free tissue transfer, a carefully planned piece of tissue
is first dissected out, l'l‘THI‘[L'!{' with at least one main
artery and vein; axial flap sites are often suitable. The
whole flap is then relocated to the recipient site where
the vessels are connected to a suitable local artery and
vein by microvascular anastomoses. The donor site can
often be closed primarily or else covered with a split skin
graft. Examples are the radial forearm flap which
supplies bone, muscle and skin, and the big toe which

can be used to replace a lost thumb.

o0:
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Donor sites

SPLIT SKIN or THIERSCH GRAFT

egene skin

f | 5
epithelial islands

split skin graft

_|Epidermis

PINCH GRAFTS

1 Injection of a 'bleb’ of local
anaesthetic

2 3 mm full and partial
thickness graft cut with
scalpel

FREE FLAP TRANSFER

Full thickness fiap of skin and
any other tissues (e.g. bore)
1, isolating supplying

Fig. 6.16 Methods of skin grafting

Recipient sites

Multiple pinch grafis placed
on recipient site. Donor sites
regenerate outwards from
edges

Free transfer of flap to
recipient site where
microvascular techniques
are used to anastomos
venous drainage and an
supply. Skin sutured in
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INTRODUCTION

In developed countries, people are living longer. This is
mainly due to public health measures which have
improved infant mortality and reduced the burden of
infectious diseases. Mortality from cardiovascular disease
continues to dominate in late middle life but beyond that
malignant disease becomes an almost equal killer. Huge
strides have been made in recent years in understanding
the molecular basis of cancer. Translating this into
improved prevention, detection and treatment remains
elusive but important developments in the foreseeable
future are promised.

Malignant disease afflicts about one-third of all people
in their lifetime and about one in four will die of it.
Patients with malignant disease form a major part of the
surgical workload and are responsible for as much as
40% of general surgical bed occupancy. Cancer patients
impose disproportionate demands on services, since
operations are often extensive and the patients are
generally older, slower to recover and more prone to
complications. At the same time, the total number of
patients with malignant disease is rising because of
increasing life expectancy and an increased incidence of
some cancers. In the younger age groups, surgical work-
load from cancer is also expanding because of earlier
detection, increased technical sophistication and increasing
patient expectation. The incidence of common malig-
nancies in Western countries is shown in Table 7.1.

Table 7.1 Incidence of common malignancies in men
and women as a proportion of all malignancies*

Males % Females %
Lung 20 Breast 29
Frostats Colorectal 15
Colorectal 15 Lung 11
Urinary 10 Uterus and ovary 13
Head and neck 6 Head and neck 6
Stomach and pancreas b Urinary 4
Leukaemias and Leukaemias and

lymphomas 7 lymphomas 7
All others 16 All others 15

*UK and USA 1990

there is a higher incidence ¢

s from Australia are similar except
na amounting to 7% of

melanc

ant turmours

Screening for malignant disease, notably cervical,
breast and colorectal cancer, has had a significant but
limited impact on mortality, partly because of lack of
patient compliance (particularly in cervical and colorectal
cancer) but also because of a relative inability to detect
biologically early disease (in breast cancer).

Effective treatment depends on the nature of the
primary cancer (i.e. tissue type, metastatic potential) and
the extent of spread, as well as other physiological factors
such as the patient’s hormone status. Management of

particular cancers is becoming more protocol-driven as

9,
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the results of carefully conducted randomised trials have
identified the most effective treatment regimes which
increasingly involve a combination of surgical with other
treatment modalities, particularly radiotherapy, chemo-
therapy, hormone manipulation and palliative symptom
control.

Whilst the management of cancer is rapidly developing,
dramatic press claims of breakthrough cures are often
premature and raise false hopes. It is unlikely that a
universal preventative or cure for cancer will appear.
Instead, advances will be incremental and type-specific
rather than encompassing the whole spectrum.

The main characteristic of neoplasms is uncontrolled
growth that persists after removal of the initiating
stimulus. Most neoplasms can readily be categorised as

benign or malignant according to histological pattern
and in most cases it is possible to predict the likelihood
of invasion or metastasis associated with malignancy.
Sometimes it is difficult—for example, distinguishing
between leiomyoma and leiomyosarcoma may only be
possible by following the long-term behaviour of the
individual tumour. Neoplasms may also be difficult to
distinguish clinically from other tumour-like disorders
such as hyperplasia (e.g. parathyroid adenoma from
parathyroid hyperplasia) and hamartomata (e.g. liver
secondaries from haemangiomas of the liver).

BENIGN NEOPLASMS

Benign tumours are typically well demarcated and often
encapsulated, with a histological appearance reminiscent
of the tissue of origin; they usually grow slowly. Benign
tumours present to the surgeon in a variety of ways as
summarised in Box 7.1.

MALIGNANT NEOPLASMS

Malignant tumours are typically non-encapsulated with
a poorly defined, irregular outline due to local tissue
invasion. Histologically, both cells and their nuclei often
vary widely in shape and size, and the extent of this
pleomorphism tends to correlate with the degree of
malignancy and the future clinical behaviour of the
tumour. Malignant tumours usually grow progressively
and may grow rapidly. In anaplastic tumours, there is
such loss of differentiation that little resemblance to the
parent tissue remains. The supporting tissue stroma of
some malignant tumours may undergo fibrous hyper-
plasia, which accounts for some of the characteristic clinical
features of cancer; these include hardness to palpation
(induration), intestinal obstruction by annular carcinomas
of the large bowel and retraction of skin overlying breast

cancer. On the other hand, in highly aggressive tumours,

the supporting tissue stroma may be inadequate for

KEY POINTS

Box 7.1 Principal modes of presentation of benign
tumours

@ Lesion suspected by the patient to be malignant,
e.g. breast lump

@ Overt bleeding or occult blood loss causing
anaemia, e.g. bowel polyps

® Local obstructive effects, e.g. leiomyoma of small
intestine

@ Pressure causing pain or dysfunction, e.g.
neurofibroma

® Unacceptable cosmetic appearance, e.qg.
subcutaneous lipomas

® Production of excessive amounts of hormone by
endocrine neoplasms, e.g. parathyroid adenoma,
insulinoma, phaeochromocytoma

nutritional support, leading to necrosis and patchy haem-
orrthage within the tumour. This often presents as a
sudden onset of pain and a mass.

Malignant tumours present in a variety of ways as
summarised in Box 7.2,

CARCINOGENESIS
Multiple primary lesions and recurrences

Most cancers are probably caused by a combination of
environmental factors and factors intrinsic to the patient.
It has been estimated mathematically that about two-
thirds of cancers can be attributed in some way to external
factors such as ionising radiation, virus infections and
carcinogens in air, food and water. Many such factors are
yet to be discovered but cigarette smoking is now well
recognised to be the most common carcinogen for lung,
bladder and head and neck cancers. When cancer develops,
it is likely that the whole of the affected organ or tissue
has been altered in the same way by the carcinogen.
Consequently, new primary tumours, as distinct from local
recurrences, may develop later; clear distinction between
these is often impossible. Certain tissues, particularly those
of the bladder, breast, skin, head and neck and large
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Box 7.2 Principal modes of presentation of malignant tumours

The primary lesion:
@ Palpable or visible mass, e.g. breast or thyroid cancer

® Obstruction or other disruption of function of a hollow viscus, e.g. bowel obstruction by colorectal carcinoma, stridor

in bronchial carcinoma

thyroid

Overt bleeding, e.g. bladder or left-sided large bowel cancer
Occult blood loss causing anaemia, e.g. carcinoma of stomach or caecum
Obstructive jaundice, e.g. carcinoma of head of pancreas or extrahepatic bile ducts

Skin lesion, often ulcerated, e.g. basal and squamous cell carcinomas, malignant melanoma, breast cancer
Nerve invasion, e.g. facial nerve palsy from parotid carcinoma, recurrent laryngeal palsy from anaplastic carcinoma of

Pain is not a common presenting feature of primary malignancy except in the pancreas, lung and nasopharynx; pain is

more often associated with metastatic disease

Metastatic deposits

® Enlarged lymph nodes (nodes tend to be hard, matted and non-tender)

® Hepatomegaly, e.g. stomach, large bowel and pancreatic carcinomas

® Obstructive jaundice {usually due to lymph node mass in the porta hepatis compressing the bile ducts, but sometimes
extensive liver deposits), e.g. stomach, large bowel and pancreatic carcinomas

® Abnormal masses distant from the primary lesion, e.g. abdomen, pelvis and skin

Bone invasion causing bone pain or pathological fractures, e.g. prostatic and breast cancers

@ Malignant effusions, e.qg. pleural effusion in breast cancer, ascites with peritoneal deposits from intra-abdominal

malignancies

® Pulmonary metastases—usually asymptomatic and found on chest X-ray
@ Brain metastases—behavioural or personality changes, headache, fits, paresis, ataxias etc.
@ Nerve invasion—backache and abdominal pain in abdominal lymph node metastases

Generalised systemic manifestations (uncommon except for cachexia)
® Malignant cachexia (severe weight loss and wasting)—probably caused by the production of catabolic agents by the

tumour

Other rare autoimmune phenomena, e.g. haemolysis

Fever—characteristic of lymphomas and renal adenocarcinoma; also occurs when there is extensive tumour necrosis
Migrating thrombophlebitis and chronic disseminated intravascular coagulation (DIC)
Peripheral neuropathies, myopathies and rare autoimmune neuromuscular phenomena, e.g. myasthenic syndrome

Ectopic hormone production, e.g. antidiuretic hormone (ADH), adrenocorticotrophic hormone (ACTH), parathyroid

hormone (PTH) and gonadotrophins (all rare in malignancies seen in general surgery)

® Production of fetal and embryonic proteins, e.g. carcino-embryonic antigen (CEA) produced by testicular tumours and
colorectal and pancreatic carcinomas; alpha-fetoprotein (AFP) produced by testicular teratomas and hepatocellular
carcinomas; prostate-specific antigen (PSA) in prostatic carcinoma—may be useful as tissue markers for diagnosis,

monitoring treatment and long-term follow-up

bowel, are at particular risk of new primary carcinomas.
The clinical significance is that prolonged surveillance is
required after an initial tumour has been treated in these

dareas.

Growth and spread of malignant tumours

Malignant tumours spread by local infiltration and by
distant metastasis via lymphatics and the bloodstream
and across coelomic cavities. Carcinogenesis, however, is
not a single pathological event. Rather, the onset of

uncontrolled proliferation and the capacity for distant
spread evolve in a series of mutations over successive
cell divisions. Many malignancies probably arise from a
single cell line (i.e. are monoclonal) and the initial event
is the acquisition of the capacity to grow progressively in
the native tissue. About 30 cell division cycles are probably
needed to produce a clinically detectable lesion of 1 cm
diameter containing 1000 million cells. The cellular
properties that allow a tumour to invade surrounding
tissues and lymphatic or blood capillaries and then ‘take

root” in regional lymph nodes or other distant tissues are
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probably also products of multiple mutations which have
given selective survival advantages. As time passes, the
constituent cells of the tumour often become increasingly
heterogeneous, genetically and behaviourally.

lhese pathophysiological considerations have several
important clinical ramifications. Firstly, the earlier the
primary tumour is detected and removed (i.e. the fewer
cell division cycles), the greater the chance of complete
cure. Unfortunately, mutations allowing metastasis may
appear very early, i.e. by about 20 cell division cycles
when the primary lesion is too small to be detectec
(about 1 mm diameter).

[here are two conflicting theories about the significance
of regional lymph node involvement in carcinoma. Botl
views recognise that lymph node involvement implies a
worse prognosis. Halsted believed that lymph nodes have
an important function in halting spread, at least for a
time, and that radical surgery offers the potential for a
cure, In more than 50% of large bowel cancers, Halsted's
view is probably correct and radical surgery remains the
treatment of choice, offering a potential cure even in the
presence of involved lymph nodes. In many other cancers
blood-borne (haematogenous) spread, often occult, prob-
ably occurs at an early stage, 1'L'11L|L-‘T'iﬂ;: the disease
incurable by surgery. Unfortunately, identifying which
patients have metastatic disease remains elusive.

An alternative view, expressed by Fisher, is that lymph
node metastases indicate failure of the host defences and
are therefore a manifestation of systemic metastasis. In
the case of breast cancer, this has led to the increased use

of systemic treatment with cytotoxic and hormonal therapy

[wo broad considerations determine the approach to
treatment for any cancer patient. The first is whether an
attempt should be made to achieve a cure or whether
palliation is more appropriate; the choice depends on
the nature of the tumour, the extent of local spread and
whether distant metastases are believed to be present.
I'he second consideration is the prognosis. This takes
further factors into account, including the likely natural
history of the type of cancer and the patient’s age and
general state of health. Systems of staging have been
devised for each tumour type, many based on the TNM
system which scores characteristics of the Tumour, the
extent of regional lymph Node involvement and the
presence of Metastases. Staging is used in planning
treatment, as a guide to prognosis and as a standardised

descriptive tool for comparing

g efficacy of treatment in
different patients and in different centres.

Cancer can recur al a later stage and the success of

treatment is often described in terms of patient survival

with the intention of eliminating or suppressing the growth
of micrometastases. This has improved survival rates.
Nevertheless, radical local surgery remains important in
controlling loco-regional disease in the breast, chest wall
and axilla.

The probability of surgical cure when lymph node
metastases are already present depends on when the
cancer develops the capacity for haematogenous spread
I'his is often about the same time as the capacity for
lymph node metastasis develops. In these cases, surgical
removal of metastases is ineffective because haematogenous
meltastases are usually already multifocal. Occasionally
blood-borne metastasis appears to be a solitary, isolated
event, and a cure can s« ymetimes be .u‘l\iv\'ed—li:r' (‘\.m‘l[‘it',
by partial hepatectomy in colorectal cancer or pulmonary
lobectomy for renal cell carcinoma, as well as in some
paediatric malignancies. The liver, lungs, bone and brain
are common target organs for haematogenous spread.
Multiple metastases often respond temporarily to palliative
chemotherapy, radiotherapy or hormone manipulation
(e.g. carcinomas of breast, uterus, kldmi’_\' and prostate)
but complete cure is very rarely achieved.

I'his model of the development of metastatic potential
means that future advances in cancer management need
to focus on three factors: prinmr_\' |1I'L’vcntim1, very un'l_\-‘
diagnosis and research to find effective medical (i.e. non
surgical) approaches to treatment of metastases, e.g. radio-
therapy, chemotherapy and hormonal manipulation.

Sarcomas, malignancies derived from cells of meso-
dermal origin, are relatively uncommon and usually

metastasise early via the bloodstream.

after a given number of years rather than ‘cure’. Five-
year survival is often used as the yardstick of success in
cancer therapy and in many cases can be taken to imply
cure. Nevertheless, some tumours, particularly breast
cancer, may recur in a disseminated form as long as 30
years after apparently successful eradication. Conversely,
colorectal cancer and testicular teratoma and seminoma
rarely recur after the patient has survived 5 vears.

TREATMENT OPTIONS

lhe main treatment options for malignant disease are
surgical excision, radiotherapy, cytotoxic chemotherapy
and hormonal manipulation, with two or more modalities
of treatment often used in combination. The treatment
offered to an individual patient will depend on tumour
type, tumour extent and the patient’s overall condition.
A radical or aggressive approach to treatment, using a




combination of therapies (e.g. surgery and postoperative
radiotherapy or chemotherapy) may well be recommended
where the aim is to cure, prov ided the scientific evidence
supports this approach. In other patients where cure is
not possible, or where disease has relapsed after radical
treatment, the aim is to alleviate the symptoms of disease,
1.e. to I".l”i.lh'.

Palliative care focuses on the quality of life rather
than the quantity, and individual assessment is required
as any available modality of treatment may be appropriate
for relieving symptoms. Care and relief of symptoms
must continue to be given as much importance in the
terminal phase of the illness as during active treatment.

Most cancer treatments involve unpleasant side effects
which may easily be overlooked by both doctor and
patient in their enthusiasm for treatment. Thus it is
essential that the benefits and disadvantages are carefully
considered in every case, and where possible and where
different options are feasible, the patient should be involved
in reaching decisions. There are few circumstances where
a diagnosis of cancer should be concealed from a patient;
suspicion and fear of the unknown often cause more
distress than a frank explanation of the diagnosis and its
ramifications. Time should be allowed for the patient to
formulate further questions and a follow-up consultation
arranged in a few days. It often helps the patient to have
a friend or relative present, but relatives should rarely be
told more than the patient. Patients are also helped by
well-constructed printed information, self-help groups
and by specially trained cancer nurses who can spend
longer with the patient and act as an intermediary if

necessary.

EARLY DETECTION OF CANCER

As a general principle, the earlier in its natural history
that malignancy is diagnosed and treated, the better the
prognosis. The ideal is to detect cancer before invasion
or metastasis has occurred, i.e. during the pre-invasive
stage. Where this applies, health education can play én
important part in alerting the public to early symptoms
and warning signs. In the case of skin and testicular
tumours, this should include regular self-examination.
Although self-examination is promoted for breast cancer,
there is little evidence that it is a useful screening test.

GENERAL PRINCIPLES OF SCREENING

Medical screening involves examination or investigation
of an asymptomatic population with the objective of
making diagnoses at an earlier stage than would other-
wise be the case. For screening to have any benefit, it is a
prerequisite that earlier diagnosis significantly improves
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morbidity and mortality from the disease when evaluated
on a population basis. In general, screening is carried out
on a selected group of the }‘M}*llhtini‘t at increased risk.
In the case of breast cancer, only older females are
screened.

he high cost of screening large numbers of healthy
individuals must be justified by the yield and, of course,
the effectiveness of treatment. Within this debate, im-
ponderables such as the economic value of a human life
saved or of a period of enhanced survival need to be
considered. For example, screening for pulmonary tuber-
culosis by mass miniature X-ray was highly successful in
the 1950s and 1960s but was abandoned in the 1970s
when the number of new cases discovered on screening
fell to such a low level that the cost could no longer be
justified. Conversely, screening for cancer of the uterine
cervix was widely introduced in the late 1970s and has
proved successful, despite the reluctance of many women
at greatest risk to be screened.

lhe efficacy of any medical screening programme

depends mainly on the following factors:

@ The reliability of the screening procedure; this is
defined by two factors, namely sensitivity and
specificity. Sensitivity describes the ability of the
screening procedure to identify affected individuals in
the screened population, i.e. the proportion of affected
individuals for whom the test result is positive.
Specificity describes the degree to which a positive
test result correlates with the presence of the disease;
in other words, the more false positive results, the
lower the specificity

® The prevalence (the proportion of cases already in a
population) and the incidence (the proportion of new
cases) of the disease in the population at risk

@ The risks associated with untreated disease (does it
need treating?)

@ The potential benefits of medical or surgical
intervention prompted by earlier diagnosis (is ‘cure’
more likely, is survival longer, is earlier treatment
easier?)

® The cost and ease of screening and the inconvenience
and acceptability to the population at risk

® The availability and cost of treatment

Screening for breast cancer

Screening for breast cancer by radiography (mammo-
graphy) was introduced nationally in the UK in the late
1980s following the Forrest report of 1986. Most dev L‘l\l}‘l_’d
countries have employed a similar strategy. This followed
results from the HIP study of New York and the Swedish
two-county study which demonstrated a 30% reduction
in mortality from breast cancer in screened women. In

the UK, national screening policy is to invite women

Cl
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aged 50-65 to be screened every 3 years with single-film
mammography. Results so far appear to demonstrate a
20% survival advantage for screened women, although
results from Scandinavia (1999) put this figure much
lower.

Mammographic screening detects breast cancers of
smaller size and at an earlier stage than when symptomatic.
Around 30% of cancers identified by screening are
carcinoma in situ or small invasive cancers less than
0.5 cm in diameter; only about 20% have axillary nodal
spread compared with 40% for symptomatic breast cancer.
However, the evidence that screening for breast cancer
saves significant numbers of lives is controversial. Earlier
detection by screening may not in fact be significantly
earlier in biological terms, i.e. detecting cancers before

GENERAL PRINCIPLES OF CANCER
SURGERY

The ideal result of cancer surgery is the complete eradi-
cation of malignant disease without radically interfering
with function. Nearly a third of cancer patients can be
cured in this way; these are mainly patients with only
primary disease. Whether to embark on major elective
surgery depends on careful assessment of the nature of
the disease and ideally of its stage. Modern techniques of
cross-sectional imaging, |llpm‘\!5f:np_\' and intraoperative
ultrasound greatly assist in this endeavour and may save
patients from fruitless radical surgery. More critical
review of the results of different operations in particular
malignancies has also helped to guide the indications for
surgery. For example, adenocarcinoma of the pancreas is
rarely treated by pancreatectomy nowadays because of the
high complication rate coupled with dismal ‘cure’ rates.

GENERAL PRINCIPLES OF
RADIOTHERAPY

The value of ionising radiation in treating malignant
tumours was recognised soon after the discovery of X-
rays in 1895 and radiotherapy is now employed at some
stage in managing about half of all patients with malignant
disease. Orthovoltage X-rays (up to 250 kV) were the basis
of conventional radiotherapy until the development of
megavoltage irradiation in the late 1950s. Cobalt-60
machines provided more penetrating radiation initially,

but these have been succeeded by linear accelerators

they metastasise, and large-scale screening remains to be
convincingly translated into better outcomes.

lhe experience gained from breast screening and
managing patients so detected has brought about rapid
improvements in mammographic equipment, technique
and interpretation as well as perhaps a more sensitive
approach to breast disease. In addition, it has generated
much scientific study of the management of early breast
cancer. All of this will undoubtedly bring about benefits
for all women with breast cancer and for people with
other types of cancer. New breast cancer screening pro-
grammes are certain to be implemented in developed
countries and these will be monitored by computer call
and recall systems to overcome some of the obvious
in.uh'ql_nu'im of earlier screening programmes.

Where metastases appear confined to local lymph
nodes, these nodes are usually excised along with the
primary tumour or at a second operation. Even in the
presence of incurable metastases, surgical excision of the
primary lesion is often required to relieve the local effects
of the tumour, e.g. bleeding, pain or bowel obstruction.
Palliative surgery may also be required for locally
advanced or metastatic disease to deal with specific
distressing symptoms (e.g. severe haemorrhage from a
bladder tumour) or some emergency problem (e.g. acute
bowel obstruction).

Sometimes surgery is used to debulk a tumour; this is
combined with chemotherapy in an attempt either to
improve the efficacy of chemotherapy (as in ovarian
carcinoma) or to avoid leaving unstable tissue in abdominal
lymph nodes (as in testicular teratoma).

which provide photon beams with an energy of 520 MeV.
The radiation dose peaks below the skin, thus avoiding
the former severe skin reactions. Absorption of radiation
by the target tissue causes highly reactive free radicals
to appear which damage DNA and cause cell death at
subsequent mitosis. With their high rate of proliferation,
cancer cells are particularly sensitive, but normal tissues
with a high rate of cell turnover (e.g. gut mucosa and
bone marrow) are also vulnerable. The total dose
administered depends on the aims of treatment, the site
and volume of the tumour and its relationship to




important normal tissues. Treatment is given in a variable
number of sessions or fractions over a period of weeks
to allow normal tissues to recover between treatments.

The larger the volume of tumour, the greater the
dosage of irradiation required for its destruction. Since
the dose is limited by the tolerance of normal tissues,
radiotherapy is more effective for small lesions. Radiation
dose is measured in gray (Gy). A common daily dose is
around 2 Gy and is sufficient to destroy about 50% of
viable cells in the average tumour; each subsequent dose
destroys 50% of the remainder causing a logarithmic
decline in viable cell numbers as treatment proceeds.
Planning radiotherapy for lesions deep within the body
has improved markedly as a result of better planning
using computed tomography (CT scanning) and magnetic
resonance imaging (MRI)—for example, for bladder
tumours or head and neck cancers.

Radiation can be directed to a tumour in three ways:

@ External beam irradiation—this is the method most
commonly employed for both skin and deeply located
tumours

® Local application of radioisotopes (brachytherapy)—
this involves placing the radiation source upon or
within the tissue to be irradiated. Plaque sources of
radiation can be employed for skin malignancies, and
radioactive iridium wires or caesium needles can be
implanted in the oral cavity, perineum, skin and
sometimes breast, giving high-dose local irradiation.
Implantation is usually performed under general
anaesthesia. For cancer of the uterus and cervix, the
radioactive source is placed in a sealed container
within the uterine or vaginal cavity; it can be inserted
without risk to staff via a flexible tube from the
radiation safe under com puter control

® Systemic radioisotope therapy—radioactive iodine
given by mouth is a well-established treatment for
non-neoplastic thyrotoxicosis and can also be used for
treating metastases from well-differentiated thyroid
tumours provided the thyroid has been removed.
Attempts are still being made to direct radioisotopes
precisely to cancer cells by attaching them to tumour-
specific monoclonal antibodies, thus realising the
dream of a ‘magic bullet’; alas, this technique remains
in the experimental stage

MAJOR APPLICATIONS OF
RADIOTHERAPY

Radiotherapy has three major applications in cancer
treatment: as a primary cure, as adjuvant treatment or as
palliation. The objective must be clearly defined before
treatment is begun.
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PRIMARY CURATIVE RADIOTHERAPY

This application, also known as radical radiotherapy, is
widely used for basal cell and squamous cell carcinomas
of the skin. It is also used for certain tumours which are
technically difficult to remove or where surgery would
be particularly mutilating, as in the head, neck and larynx.
Radiotherapy can be directed at the primary lesion and
regional lymph nodes if appropriate and rates of cure are
comparable to those achieved by surgical excision. For
example, in head and neck cancers without distant
metastases, cure rates of 50-90% can be achieved with
radiotherapy alone; similar results can be obtained in
carcinoma of the cervix. Radiotherapy is employed in the
treatment of most common solid tumours and in early
cases of Hodgkin’s and non-Hodgkin lymphomas. The
efficacy and application of radiothera py for various tumour
types is summarised in Table 7.2.

Radiotherapy can also achieve cure in up to 50% of
bladder cancers, with cystectomy reserved for salvage of
recurrences.

ADJUVANT RADIOTHERAPY

lhe principle underlying adjuvant therapy, whether
radiological, chemical or hormonal, is that clinically
undetectable micrometastases are often present in tissue
surrounding a primary lesion, in regional nodes and in
remote locations. These are believed to be responsible for
local, regional and systemic recurrence after a primary
lesion has apparently been completely removed.
Adjuvant radiotherapy can be applied to local tissue
and regional nodes after (or occasionally before) surgery
to try to eliminate micrometastases. The technique is most
widely employed for cancer of the breast after removing
the primary lesion locally or by mastectomy. Nowadays,
there is a trend towards avoiding irradiation of the axilla
if the lymph nodes are histologically free of cancer. If
axillary nodes are involved, radiotherapy can be used as
an alternative to radical lymph node clearance; survival
rates are comparable to those achieved after more extensive
surgery. However, the trend of opinion favours radical
lymph node clearance for the improved diagnostic accuracy
it provides and the prognostic value of knowing the
number of nodes involved. The preference for surgery or
radiotherapy remains one of local choice. Radiotherapy
is also highly effective adjuvant therapy in seminoma of

the testis.

Neoadjuvant radiotherapy

In certain cancers, treatment a short time before surgery

with either radiotherapy or chemotherapy or both can

= mlm
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Table 7.2 Applications of radiotherapy for treating malignant disease

Tumour type Radiosensitivity Indications
Head and neck Moderate Highiy effe
Lung
Breast Usually as ad
brea 1
Thyroid
Well differentiated gt

Poorly ditferer itecd “drety

Renal cell carcinoma

Transitional cell carcinoma
of bladder

Moderate Good cure

Testis Moderate to high
Ovary Very low
Uterus
Moderate
Gastrointestinal tract w to moderate
Lymphoma
Multiple myeloma Hig Mainly used T
Skin
Basal or uam | anily curab

Adult central nervous system

to moderate

Palliation o

Paediatric malignancies Variable Often o

term

bring benefits. This may enhance the cure rate for surgery
or it may be used to ‘down-stage’ a cancer to make surgery

}‘n _\-.-\g'l\h-. e.g lo .'I”\ advanced rectal cancer.

PALLIATIVE RADIOTHERAPY

Palliative radiotherapy is employed for local control of
primary or metastatic lesions with the intention of treating
serious symptoms with the minimum of side effects or
preventing impending complications, e.g. spinal cord com-
pression. Much lower total doses are used for p.":llmtlm'u
than for attempts at cure; short courses or single high-
dose fractions are usually adequate and are comfortable
and convenient for the patient. Clearly, palliative radio-
therapy can only be justified if therapeutic benefits are
likely to ensue.

d to palliate

Ad|uvant ther

Rarely appropriate

1) but chemotherapy generally better (tor teratoma)

jrative for brain tumours and effective for Wilms' tumour but limited by long

!\'.lt|||\f|1i‘l<]]‘_\ 1S |‘.1!'[I(ll|.|[]_\ effective in controlling
metastatic deposits in bone and brain. The pain of bone
metastases can often be completely relieved by radiotherapy,
as can some of the neurological manifestations of brain
secondaries

Radiotherapy is also valuable in providing symptomatic
relief in advanced disease. In ulcerating breast cancer,
radiotherapy can shrink the primary lesion, controlling
exudation and bleeding and permitting healing of
overlying skin. Similarly, the distressing symptoms of
cough, haemoptysis and pleuritic pain from advanced
lung cancer can be eased by palliative radiotherapy
Symptoms associated with local tumour recurrence can
often be controlled, e.g. haematuria from advanced bladder

cancer or pain from rectal carcinoma. In abdominal

malignancy, the main factor limiting the use of radio-




therapy is incidental radiation injury to normal bowel.
'his can cause stricture formation, obstruction and con
tinual bleeding, often years later. Indications for palliative
radiotherapy are summarised in Box 7.3.

COMPLICATIONS OF RADIOTHERAPY

Despite the precise use of high-energy radiotherapy, side
effects and complications still occur; the main early effects

]

are outlined in Table 7.3.

LONG-TERM SIDE EFFECTS OF RADIOTHERAPY

Modern radiotherapy using high-energy sources and
meticulous treatment, planning and delivery causes fewer
side effects than the often empirical orthovoltage treatment
used in its early days. Side effects such as osteoradio-
necrosis are rare these days (see Fig. 7.1) but endarteritis
obliterans may be a long-term complication affecting
any tissue subjected to radiotherapy. The effect is pro-
gressive impairment of blood supply, loss of specialised
tissues and replacement with fibrosis. In the chest, radio-
therapy can cause pulmonary fibrosis and, in women
treated for left-sided breast cancer, there is an increased
long-term risk of cardiac events; treatment techniques
have been modified as a result. In the gastrointestinal
tract, the effects of radiation on bowel (radiation enteritis)
can be particularly serious with continued bleeding (in
large bowel) and stricture formation (in small bowel)
'he same pathophysiological reaction probably accounts
for delayed or incomplete healing after surgery with

breakdown of intestinal anastomoses or formation of

Fig. 7.1 Osteoradionecrosis after early orthovoltage radiot

herapy for breast cancer
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internal fistulae. Radiation colitis most commonly results
from treatment of uterine cervical cancer.

KEY POINTS
Box 7.3 Indications for palliative radiotherapy
Pain control
@ Bone pain (especially breast, prostate and lung
metastases)
® Nerve root and soft tissue infiltration (e.g. head and
neck, brachial plexus)

Dyspnoea
® Shrinkage of tumour obstructing or compressing a
large airway

Ulcerating and fungating lesions
® Breast, skin, head and neck tumours

Haemorrhage
® Haemoptysis
® Haematuria
@ Rectal and cervical bleeding

Emergency complications

® Spinal cord compression

® Superior vena caval obstruction

@ Raised intracranial pressure

@ Obstruction of tubular viscera (e.g. oesophagus,
upper gastrointestinal tract, ureters)

Space-occupying lesions caused by symptomatic brain
metastases
® Brain metastasis causing hemiparesis

&'

rrachation has induced lung i
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Table 7.3 Early reactions and complications of radiotherapy
Reaction/complication

Systemic side effects

Management

alaise and fatigu ery common I e Spt y h rest
Nausea, von ) and anorexia Anti-en
Effects occurring in irradiated tissues
Sk wnecially axilla, groin and perineum)
nching and mild i N topical steroias
1 Muoisture-retaining non-adherent dressings
Silver-sulphasalazine cream
Abdomen and pelvie
Nausea, vomiting, diarrhoea Anti-emetics, antidiarrhoeals
Frequency, dysuria, haematuria (radiation cystitis) Urinary alkalinising agents; exclude infection
Head and neck
Dry mouth (xerostomia) due to salivary gland injury Frequent oral fluids, moist oral swabs, careful attention to oral hygiene
Painful mouth, dysphagia and altered taste. This is due Topical steroids for ulcers, topical anaesthetic gels,
to inflammation and atrophy of oral mucosa (mucositis) antifungal agents for candidiasis, artificial saliva
and may also involve nasal mucoss
Chest
Paintul dysphagia (radiation oes Local anaesthetic gel
Compound antacid/alginate preparations, e.g

GENERAL PRINCIPLES OF
CHEMOTHERAPY

Success with chemotherapeutic agents in curing many
haematological and childhood malignancies has en-
couraged the use of similar drugs to treat solid tumours
previously treated only by surgery or radiotherapy.
Drugs destroy tumour cells in a variety of different
ways, capitalising on their increased mitotic and metabolic
rates. The main types of chemotherapeutic agent are as

follows:

@ Antimetabolites—analogues of normal cellular
nutrients, e.g. methotrexate acts as a substitute for
folinic acid

® Alkylating agents—bind to DNA, e.g. nitrogen
mustards

@ Drugs which cross-link DNA, e.g. cisplatin

@ Drugs which disrupt the mitotic spindle, e.g. vinca
alkaloids

affect normal

extent,

These same cytotoxic mechanisms also

tissues, though usually to a lesser and are

responsible for many of the side effects of chemotherapy.

For manv cancers, the best results are obtained by

combinations of cytotoxic drugs. Particular combinations

are chosen so the toxic effects of each drug impact on a
different organ system; this means that each drug can be
given in full tumour-toxic dose without excessive damage
to normal tissues. The most effective drug combinations
and doses for each tumour type have been established
mainly by empirical trials (and some good luck!). It has
been difficult to find regimens that give better results
than combinations developed in the 1970s and 1980s, e.g,.
CMF for breast cancer, CHOP for lymphoma and BEP for
testicular cancer. Drugs are usually given intravenously,
in a series of four to six short courses separated by 34
weeks to allow recovery of normal tissues.

Experience has revealed a wide spectrum of sensitivities
of different malignant tumours to cytotoxic therapy.
hese range from total destruction to no therapeutic effect.
T'he sensitivities of different tumour types are summarised

in Box 7.4.

MAJOR APPLICATIONS OF
CHEMOTHERAPY

PRIMARY CURATIVE TREATMENT

his is mainly indicated for highly sensitive germ cell
tumours, high-grade lymphomas and solid tumours of




-y

KEY POINTS
Box 7.4 Tumour sensitivity to cytotoxic
chemotherapy
Highly sensitive tumours—reasonable prospect of cure
Hodgkin's disease
High-grade lymphomas
Testicular tumours

Choriocarcinoma

Childhood leukaemias

Wilms" tumour (nephroblastoma)
Ewing’s sarcoma

Osteogenic sarcoma (lung metastases)

Moderately sensitive tumours—palliation is the main
objective

Breast cancer

Ovarian malignancies

Small-cell (oat-cell) carcinoma of lung

Multiple myeloma

Acute and chronic leukaemias in adults
Low-grade lymphomas

Colorectal cancer

Relatively insensitive tumours—cytotoxic therapy only
indicated in special circumstances or with techniques of
regional infusion

Carcinoma of lung other than small-cell type
Squamous carcinomas of the head and neck
Carcinoma of uterus and cervix

Melanoma

Hepatocellular carcinoma

Osteogenic sarcoma (primary lesions)

Renal adenocarcinoma

Bladder carcinoma

childhood. Chemotherapy may be used alone after
obtaining a histological diagnosis (e.g. Hodgkin’s disease),
or it may follow removal of the primary tumour (e.g.
teratoma, Wilms’ tumour), or it may be used first and
then any residual tumour resected to achieve complete
remission (e.g. abdominal para-aortic nodes in testicular
teratoma).

ADJUVANT CHEMOTHERAPY

This involves systemic chemotherapy in addition to local
treatment of the primary lesion in an attempt to destroy
already disseminated but undetectable micrometastases.
Adjuvant chemotherapy is often used for breast cancer
where axillary lymph nodes are involved, particularly in
women less than 50 years old. These patients are at high
risk of developing widespread metastases later and
adjuvant therapy is given in the hope of reducing the
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risk. In node-positive patients, both 5- and 10-year survival
rates have been improved by between 6 and 11%. Similar
results can be obtained in breast cancer by ovarian
ablation. In recent years, treatment has become more
acceptable to patients; adjuvant chemotherapy has become
more widely employed as outcomes have improved with
fewer toxic side effects and better drugs to control nausea.
Adjuvant chemotherapy, mainly using 5-fluorouracil
(5FU) with folinic acid, appears to have a role in extending
recurrence-free survival and possibly life expectancy in
cancer of the colon and rectum but the results of a large
UK trial (QUASAR) are awaited. Current information on
this and other trials can be obtained from the UK
Coordinating Committee on Cancer Research (web site:
http:/ /ukceericnet.uk). For cancer of the anal canal,
chemotherapy plus radiotherapy (chemo-radiotherapy)
adds to the benefits of radiotherapy alone, often replacing
the need for radical surgery.

GENERAL PALLIATIVE TREATMENT

General palliation is the rationale for using chemotherapy
for disseminated malignancy in highly sensitive and
moderately sensitive tumours. Cure is rarely achieved
but quality of life may be greatly improved and, in some
cases, life may be prolonged.

PALLIATION OF DISTRESSING LOCAL SYMPTOMS

Cytotoxic therapy may sometimes be indicated for
relatively insensitive tumours if local tumour effects are
so distressing that even a small reduction in tumour mass
might relieve them, e.g. breast cancer causing lymphatic
obstruction. The objective is not to prolong life but to
improve its quality.

DIRECT ADMINISTRATION OF CYTOTOXIC AGENTS
TO THE TUMOUR

In isolated primary or secondary tumours in the liver or
kidneys, it is sometimes possible to cannulate the arterial
supply of the lesion and administer the cytotoxic agent
directly. This may successfully shrink the tumour. For
superficial bladder tumours with widespread carcinoma
in situ, the poor prognosis can be improved by instillation
of chemotherapeutic drugs into the bladder. In early
disease, this treatment may be curative.

SIDE EFFECTS OF CHEMOTHERAPY

Chemotherapy is toxic to tumour cells but also to normal
body cells, especially those with rapid rates of turnover,

e.g. bone marrow and gastrointestinal epithelium. Toxic
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effects are summarised in Box 7.5. Side effects are common
but are rarely so severe that treatment is abandoned.
Chemotherapy offers substantial benefit and a chance
of cure in some well-defined malignancies, as shown in
Box 7.4. However, clinicians treating cancer need to have

KEY POINTS
Box 7.5 Toxic effects of chemotherapy

clear management objectives, i.e. cure or palliation, based

on published clinical trials. Given the potential for side
effects and the cost, there is no place for speculative
chemotherapy where there is a lack of scientific evidence

of benefit.

Bone marrow suppression

@ Causes anaemia, thrombocytopenia and leucopenia (potentially fatal)

Immunosuppression
® Causes diminished resistance to opportunistic infections

Nausea and vomiting
® Tend to occur within an hour or two of chemotherapy

® Modern anti-emetics can usually control these symptoms but delayed nausea over the ensuing days remains a problem

Disruption of gastrointestinal epithelial turnover
@ Causes diarrhoea and oral ulceration

Toxicity to hair follicles

® Particularly etoposide, cyclophosphamide and doxorubicin

@ Causes hair loss (recovers 6 months after treatment)

Gonadal injury
@ Loss of libido, sterility and possible mutagenesis

Long-term risk of inducing other malignancies
® 20-30 times the normal risk (but still low)

Rapid tumour destruction on a massive scale

® Leads to release of purines and pyrimidines (only a problem in leukaemias and lymphomas) which cause

hyperuricaemia, presenting as obstructive uropathy and renal failure

@ Can be prevented by giving prophylactic allopurinol

Sl e > -
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GENERAL PRINCIPLES OF HORMONAL
MANIPULATION

The growth of certain tumours, notably carcinoma of the
prostate and some breast cancers, is partially dependent
on sex hormones. Removal of the gonads or use of drugs
which block or antagonise the appropriate hormone can
have a valuable inhibitory effect on tumour growth

MAJOR APPLICATIONS OF HORMONAL
MANIPULATION

PROSTATIC CANCER

Surgical removal of the testes (orchidectomy) is one of

the preferred treatments for metastatic carcinoma of the

prostate and is the most cost-effective solution. Stilboestrol
is a synthetic oestrogen and remains a standard alternative
to orchidectomy. It partly works by suppressing luteinising
hormone releasing hormone (LHRH) at hypothalamic
level but may be cytotoxic to prostatic cancer cells in its
own right. However, it is associated with a high risk of
arterial and venous thrombosis and has fallen out of
favour. LHRH analogues (gonadorelins) are as effective
as orchidectomy for treating disseminated prostatic cancer.
l'hese drugs are given at intervals of several weeks;
initially they cause release of luteinising hormone from
the anterior pituitary, followed by inhibition. Anti-
androgen drugs alone (e.g. cyproterone, flutamide) have
proved less effective and more toxic than gonadorelins
but are usually administered initially to block the

testosterone ‘flare’.
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physicians and nurses can now offer more comprehensive
1 management, both in patients” homes and in palliative care
homes, for patients with difficult management problems.

COMMON SYMPTOMS OTHER THAN
PAIN REQUIRING PALLIATION

Palliative pain relief is covered in the next section. Other
common symptoms requiring palliation are detailed in
Table 7.4

Effective management of the symptoms of advancing
cancer requires frequent reassessment of the patient’s
condition, and frequent discussion with the patient to
assess priorities and the acceptability of treatment offered.
At all times the focus on quality of life must be retained.
Patients and families are reliant on the doctor to guide
them as to whether the benefit of treatment outweighs its

disadvantages. Doctors must not hesitate to discuss
complex situations with other colleagues and specialists
to ascertain the best course of action for their patient.

A multidisciplinary team approach to cancer patient
management is known to be more successful in achieving

symptom relief. Approaches other than drugs—for

example, acupuncture or relaxation techniques—may help
in relieving symptoms and diminish the requirement for
medication. It may sometimes be necessary to administer
drugs by a variety of routes and formulations (e.g.
subcutaneous, transdermal) or to use unusually large
doses. Long-term sequelae are often not an issue and it
may be reasonable to stop drugs usually used as long-term
prophylactic treatments to reduce overall medication load.

In addition to physical symptoms, psychological aspects
of dying must be addressed. Patients are often reluctant
to voice their concerns. Giving the patient real oppor-
tunities to talk to sympathetic carers about difficult and

Table 7.4 Common symptoms other than pain requiring palliation

Symptom Causes

Fatigue/asthenia
(lack of energy)

Loss of appetite (anorexia)
and weight loss

Dysphagia and painful Tumours of pharynx, oesophagus and stomach

swallowing (odynophagia)

Compression of cesophagus by extrinsic tumour

(e.g. mediastinal lymph nodes)
Oesophageal candidiasis

Bulbar and pseudobulbar palsy

Nausea and vomiting

nstipation
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Management

Options include insertion of stents, laser ablation,
cryotherapy, brachytherapy (local radiotherapy)
Radiotherapy, high-dose steroids

suspect Inimmunosuppressed, patients on steroids;
diagnosis may require gastroscopy, may require
1ged treatment with oral antifungal agent
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until vomiting
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to softening and prokinetic agent
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Table 7.4 Continued
Symptom

Breathlessness (dyspnoea),
cough, choking
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spurious diarrhoea due to

ikage of waten

Confusion

Terminal restlessness
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Causes

Multifactorial: disease and debilitation

Anxiety—all breathless patients are anxious

Immobility, weakness and genera debility

; dietary fib

IYpoKaiaemia)

Unfamiliar stimuli
Cerebral metastases
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distressing topics such as the fear of dying or the process
of dying, or aspects of life perceived not to have been
resolved when healthy, can relieve much suffering and
allay needless anxiety.

[deally, patients will spend most of their time at home,
away from hospital, supported by the primary health-
care team. Increasingly, patients are remaining at home
to die. Arrangements must be in place, such that the
patient and family are clear about who they can contact,

day or night, about problems if they arise. Many general
practitioners make arrangements to review their patients
at home at frequent intervals, It is important that hospital
professionals liaise frequently with community carers
and specialists about the patient’s condition, and vice
versa. There must be immediate availability of specialist
services and support whether for admission or advice,
whenever required. If palliative care is handled well, it
can bring rich rewards to both patient and doctor.

CANCER PAIN

Pain is a common feature of advanced malignant disease

but is by no means universal or severe. The severity of

pain usually increases as disease progresses and is often
caused by multiple factors. Pain and fear of pain or both
often dominate the thoughts of the patient and family
and its effects are compounded by other distressing
symptoms such as nausea, anxiety, depression and other
psychological and spiritual factors. Pain is what the
patient perceives it to be and management must involve
a holistic and not merely disease-oriented approach.

ASSESSMENT OF PAIN

The successful treatment of pain requires accurate diagnosis
of its cause or causes, each of which may require different
management. Pain of organic origin may be caused by
four mechanisms, the first three being nociceptive in
origin (i.e. involving stimulation of sensory nerve endings):

@ Superficial somatic pain—this pain is derived from
tumour involvement of skin, subcutaneous tissues, or
mucosa of mouth, anus, urethra, bladder etc.
Examples include malignant ulceration, stomatitis
and cystitis. The pain is often stinging or burning in
character and highly localised. Examination usually
reveals an inflammatory component to the local
pathological process

® Deep somatic pain—musculoskeletal elements
(periosteum, joints, muscles, tendons, ligaments),
superficial lymph nodes, mesothelial membranes
(pleura and peritoneum) and the liver capsule make
up this category; common examples are bony
metastases and liver capsule distension. Pain is dull
and aching in character, well defined and aggravated
by movement

® Visceral pain—this pain originates from solid or
hollow abdominal organs (e.g. intestinal, biliary or
ureteric obstruction), deep masses of tumour or
lymph nodes (e.g. retroperitoneal tumour, para-aortic
or mediastinal lymph nodes) or large muscle groups.

The pain is dull, deep, poorly defined and poorly
localised, and is often accompanied by autonomic
effects such as nausea, vomiting, sweating and
cardiovascular changes

® Neurogenic pain—this pain does not derive from
direct involvement of nerve endings but rather from
tumour invasion or compression of nerves. Common
causes are tumour involvement of the brachial plexus,
chest wall (intercostal nerves), lumbosacral plexus,
spinal cord compression and perineural tumour
spread. Post-herpetic neuralgia, post-thoracotomy
pain and phantom limb pain represent neurogenic
pain in its most clear-cut form, and similar pain may
be found in patients with malignant disease.
Dysaesthesia (abnormal sensation, pins and needles,
tingling, burning, painful numbness) is characteristic
of neurogenic-type pain. It may be provoked by
stimuli which would not usually provoke pain and
this is known as allodynia. Pain is often paroxysmal
(shooting, lancinating) and occurs in a recognisable
peripheral nerve or dermatomal distribution in which
there are often autonomic signs (e.g. sweating,
coldness, pallor, cyanosis)

GENERAL PRINCIPLES OF CANCER
PAIN MANAGEMENT

@ Elimination of pain and restoration of patient activity
should be the aim, whenever possible

® Regular medication is essential and should be based
on a knowledge of duration of action of drugs and
consideration of physiological factors affecting drug
absorption and elimination (e.g. intestinal stasis, renal
and hepatic failure)

® Titration of the analgesic against the severity of pain
using the three-step analgesic ladder developed by
the World Health Organisation (see Fig. 7.2)

® Supplementing analgesics with other drugs and
therapies (adjuvants) appropriate to the mechanisms
causing the pain (see Table 7.5)




Strong opioid
+/- non-opioid Paracetamol
+/- adjuvant Aspirin

Non-steroidals

Pain persists
or increases

Weak opioid

+ non-opioid
+/- adjuvant

Codeine

Weak opioid analgesics
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Strong opioid analgesics

Codeine paracetamol mixtures

Others, e.g. dexiropropoxyphene

Pain persists
or increases

Non-opioid
+/- adjuvant

OPIOID ANALGESIA

Morphine is the strong opioid of choice for treating
cancer pain. A majority of patients will be able to take
oral morphine for their pain relief, increasing the dose
when required throughout their illness. Addiction is not
a problem amongst cancer patients, where morphine dose
has been titrated against the pain. Patients who have been
on morphine whose pain has improved—for example,
after radiotherapy—are able to reduce and sometimes stop
morphine without difficulty. (Obviously abrupt cessation
is to be avoided as physical withdrawal symptoms will
occur.)

Tolerance is uncommon, even among patients who
take morphine for many months. Where the patient who
has been on a stable dose of morphine requires an
increased dose, this usually reflects an increase in pain
due to progression of disease.

Titrating the dose of morphine against the pain and
increasing the dose gradually also avoid respiratory
depression. Respiratory depression is only likely to be
clinically significant where the dose prescribed is excessive
(exceeding analgesic requirements), or where the patient’s
condition has deteriorated such that morphine accumulates
due to reduced elimination.

When commencing morphine it is important to discuss
its use with the patient and family to allay fears and
misconceptions. Some patients and families equate the
need for morphine with imminent death, while others
fear addiction or side effects; these anxieties will usually
be overcome by careful explanation. The use of parenteral
morphine is generally confined to seriously ill patients
unable to tolerate oral administration or the occasional
patient who is intolerant of oral morphine. The sub-

cutaneous route is preferred and is suitable for both

Non-opioid analgesics
Morphine and related compounds, Remember
e.g. fentanyl, methadone

Fig. 7.2 Three-step analgesic ladder for cancer
pain control (WHO 1986)

oral medication if possible
regularly not “as required’ (p.r.n.)

increasing potency of analgesia far
Increasing severity of pain

(i) by the mouth
(i) by the clock
(i) by the ladder

single ‘breakthrough’ doses and for continuous sub-
cutaneous infusions via an indwelling ‘butterfly’” needle.
Infusions are usually controlled and delivered via a
small battery-operated syringe driver holding sufficient
solution for 24 hours. Morphine sulphate causes less
inflammation at the infusion site than morphine tartrate,
as does diamorphine (heroin) which is widely used in
countries such as the UK where it is legally available. For
morphine, the dose for subcutaneous use is between
one-third and one-half of the equivalent oral dose.
Subcutaneous bolus doses for breakthrough pain are
much less painful than intramuscular injections. Morphine
should not be given intravenously as this appears to induce
rapid tolerance and cause escalating dose requirements
and greater side effects. For patients with intractable
pain in the lower body or lower limbs, morphine is
sometimes administered via an epidural catheter with a
subcutaneous tunnel and port (e.g. Portacath).
Remember when commencing morphine:

@ Constipation will always occur in patients with a
normal bowel; always prescribe a laxative and explain
the need for its regular use

® Nausea may occur at the beginning of treatment and
whenever the dose is increased. Nausea usually
resolves over 48-72 hours but an anti-emetic—for
example, metoclopramide 10 mg q.d.s.—should be
prescribed on an ‘as required’ basis

® Drowsiness may also occur initially. This should
resolve over 48-72 hours but if it persists the
morphine dose should be reduced or where necessary
an alternative opioid used

® Confusion may occur, especially in the elderly, where
the starting dose is too high or the dose is increased
too 1“lpidl_\’
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Table 7.5 Adjuvant analgesics and other treatments for management of cancer pain

Treatment method

Non-steroidal anti-inflammatory agents—via
oralfrectal/transdermal routes

Low-dose tricyclic antidepressants
(usually as single evening dose)

Anticonvulsants

(e.q. carbamazepine, sodium valproate)

Antispasmodics Reduces

(e.g. hyoscine butylbromide) and

Muscle relaxants
(e.g. diazepam)

Anxiolytics/antidepressants

Indications

Valuable for ne

Relieve muscle spasms, e.g. lumb

Reduce inflammatory component in superficial and deep somatic pain. Excellent
for bony and other musculo-skeletal pains

Used in treatment of neurogenic pain. Promotes sleep and may improve sense of
well-being

NiC pain e

combined with other adjuvant analgesic:

ontractions in colicky

eral

el obstruction

cral, cervical, psoas

Whera anxiety or depression are found to be contributing to the cancer pain and

preventing its resolution

Antibiotics
(e.g. metronidazole tablets or gel)

Corticosteroids

(e.q. dexamethasone 4-8 daily, prednis

30-6(

Topical anti-inflammatory agents

Help treat infected superficial lesions, e.q. ulcerated skin, breast or head and

neck sumours (usually involve Gram-negative organisms)

sions, radiation proctitis
(e.q. steroid creams)
Local palliative radiotherapy For bone metastases, compressive lesions of brain and spinal cord, large airway

and supernor vena caval obstruction, fungating or bleeding superficial lesions

Bisphosphonates
{e.q. pamidronate, clodronate}

therapy

Radioactive isotope therapy

Palliative chemotherapy

Nerve blocks (often under radiological quidance)

pain; zoeliac plexus blod

the overall require

Physiotherapy and associated physical modalities
(e.g, massage, TENS, hot or cold packs)

Skeletal immobilisation

Predominantly used for the relief of bone pain in metas
multiple myeloma. Can be given parenterally as bolus or

Very helpful in treating pain in specific areas, e.g. inte

ic breast cancer, and

ontinuously as oral

for pancreatic and other 'forequt’ pain. Often reduce

ent for systemic analgesia

Muscle spasm, inflammatory component of nociceptive pain mechanisms
Massage for muscle spasms and lymphoedema. TENS may help neurogenic pain

Elective internal fixation of long bones for incipient or actual pathologica

fracture of long bones

® Myoclonic jerks may be seen when using higher doses
of morphine or when the patient’s condition
deteriorates, causing accumulation of metabolites. A
reduction in dose of morphine or an alternative strong
opioid may be required

@ lich, bronchospasm and hallucination occur in a few
patients and require explanation and a change to an
alternative opioid

ESTABLISHING TREATMENT

Once the use of morphine has been discussed and agreed
with the patient, the preferred method for establishing
dosage is by titration. The usual starting dose will be

5-10 mg of immediate-release morphine 4-hourly; this can
be reduced to 2.5-5 mg for elderly patients. Occasionally,
for those with renal or liver impairment or in the very
elderly, the duration of analgesic effect will be prolonged
and a 6-8-hourly interval may be required. It may be
appropriate to ‘double-dose’ at night to avoid the patient
waking in the early hours. The regular 4-hourly dose
must always be accompanied by the same dose on an ‘as
required’ basis for pain which ‘breaks through’ before
the next dose is due. It is usual to allow 24 hours before
considering dose increases. Increments should be 50% at
the lower-dosage range of morphine—for example, 20 mg

o L1171
e

should be increased to 30 mg—but 33% in the higher-

dose range

for example, 120 mg should be increased to




160 mg, Once the total 24-hour dose required has been
determined, i.e. the regular 4-hourly doses plus break-
through doses which completely control pain, an alter-
native formulation may be substituted. To determine
doses of b.d. formulation the total 24-hour dose is divided
by two; for formulations which last 24 hours, the total
dose is given once daily. ‘As required’, immediate-release
morphine must still be available for breakthrough pain.
Many patients have their pain successfully and readily
treated throughout their disease by regular morphine at
doses which occasionally need to be increased by their
family practitioner. As the disease progresses, the tumour
may advance to involve adjacent or distant structures
causing an increase or change in character of the pain,
Some pain may be only partially opioid-responsive; that
is to say, adjuvant analgesia will be required to achieve
5). Whenever pain is difficult to

[

pain control (see Table 7.
control it is helpful to revert to 4-hourly titration of
morphine. It is important for the doctor to ascertain whether
there is any benefit from incrementally increasing the
doses of morphine. Where an increased dose does not
reduce pain or causes additional side effects, it is likely
that the pain is only partially opioid-responsive and
other means of treating it must be sought. Continuing to
escalate opioid doses without improving analgesia will
lead to unnecessary side effects and possibly toxicity and
confusion.

INCIDENT PAIN

A particularly difficult area of pain treatment is that of
incident pain. As the name suggests, this is pain which
occurs during a particular activity such as that arising
from movement or due to changing a dressing. This pain
is of limited duration and is not best treated by
increasing the regular systemic medication, as this may
lead to side effects at times other than the precipitating
incident. Incident pain is best treated using an analgesic
with a quick, predictable onset of action and a short
duration of action (for example, dextromoramide sublingual

or PR). Using additional analgesia in this way often

Principles of cancer management

allows the ‘incident’ to take place comfortably but also
permits the patient to remain on the already established
24-hour opioid dose.

Successful treatment of cancer pain throughout the
patient’s life depends on regular reassessment, detailed
examination and documentation (using a pain chart
wherever appropriate), and carefully listening to the
patient and carers to understand the full situation. Where
the doctor works with a multidisciplinary team using all
his or her skills, effective, acceptable pain relief will be
achieved. The reward will be that the patient can then
concentrate on what truly constitutes quality of life.

A variety of other opioids are used less commonly in
palliative care and usually for specific indications. These
are summarised in Table 7.6, p. 116,

SIDE EFFECTS OF MORPHINE AND OTHER OPIOID
DRUGS

® Nausea and vomiting—commonly occur with initial
administration or rapid increase in dose; therefore use
a prophylactic anti-emetic with morphine initially (it
may be discontinued later)

® Constipation—almost inevitable due to depression of
gut peristalsis; use prophylactic faecal bulking agents

(e.g. dietary fibre supplements, methyl cellulose
preparations), osmotic agents (e.g. sorbitol, lactulose),
stool softeners (e.g. dioctyl sodium) and peristaltic
stimulants (e.g. senna, bisacodyl)

® Confusion, hallucinations—mainly a problem for
high opioid doses, rapidly increasing doses and in the
elderly (especially if vulnerable to toxic confusional
states because of other pathological processes); reduce
the dose if possible and /or treat with tranquillisers,
e.g. haloperidol

® Myoclonic spasms, e.g. jerking—often incorrectly
attributed to morphine and may be due to
concomitant use of phenothiazines or similar drugs
(e.g. prochlorperazine, haloperidol); they may occur
due to accumulation of toxic metabolites especially in
patients with renal failure

<«
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___Section Table 7.6 Opioid drugs used in palliative care
1 Analgesic Equianalgesic dose Duration of Indications
of oral morphine action

Codeine 60 m 5mg 6 hours ocodeine alone or in combir
paracetamol are used to treat mild to moderat
May cause sea or constipation

Tramadol 50 mg 10 mg 6 hours Used in moderate pain. Can be helpful where codeine
preparations ineffective or not tolerated

Dextromoramide 10 mg 1-2 hours Useful sublingually or PR for rapid-onset, short-action

(Palfium) 5 mg analgesia during procedures, e.g. turning, washing,
changing dressings

Diamorphine injection 20-30 mg 4 hours Where local regulations permit preferred to morphine,

10 mg which requires the parenteral route owing to high
solubility. Side effects identical to morphine

Fentanyl 25 pg/hr 120 mg over 72 hours Important to establish opioid requirements by titration

transdermal ‘patch’ 24 hours with morphine first

Fentanyl can be advantageous in patients intolerant of
side effects of morphine, or where oral route is
chronically unavailable

8-12 hours Used in specialist units; initial titration often complex
owing to prolonged and variable half-life. Used in I

Methadone 5 mg syrup

dose, e.q. 2-5 mg nocte or b.d. for cough suppression

6-8 hours

Oxycodone suppository 3C
30 maq; also available as

tablets formulatior

morphine

Phenazocine 5 mg 25 mg 6-8 hours Can be used sublingually; sometimes better tolerated in

elderly patients than morphine. Limited to patients where
morphine dose already established, no low dose
preparation is available

N.B. There is no role for buprenorphine, meptazinol or pethidine in the long-term treatment of cancer pain as they all have limitations, e.qg.
analgesic celling, short duration of action, or cumulation of toxic metabalites, which render them unsuitable for reqular long-term use
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INTRODUCTION

Trauma patients constitute up to 20% of general surgical
admissions in an average district general hospital, the
percentage varying with local policies as to which depart-
ment is responsible for head injuries. In most centres,
head injuries are the responsibility of either general sur-

Management of soft tissue injuries

Principles of replantation surgery 124

Accident surgery: general
principles and soft tissue
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Management of extensive burns 127

geons or orthopaedic surgeons; in regional neurosurgical
centres, all head injuries are usually admitted directly to
Neurosurgery.

This chapter discusses the principles of management
of serious and multiple injuries, the management of soft
tissue injuries and burns.,

There are two peaks of death after surviving trauma, the
first occurring within the ‘golden hour’ after the accident
and the second over the next few hours. Survival im-
mediately after the accident depends on the severity of
injury, the competence of immediate care and the speed
of transfer lo an accident unit. Deaths in the second
category are usually caused by treatable conditions in
which death is largely avoidable. By the time the seriously
injured patient has arrived at the resuscitation room, the
first peak has passed and the main danger of death is
from hypovolaemia (intrathoracic or intraperitoneal haem-
orrhage and blood loss from multiple fractures) or from
an expanding intracranial haematoma.

Most injured patients arrive at hospital with relatively
trivial injuries and only a small minority require the exten-
sive initial care described here. For the potentially seriously
injured, the immediate priority after arriving at hospital
is rapid initial assessment combined with resuscitation,
followed by a secondary survey and prioritisation and
treatment of individual injuries. Training in this process
has standardised through Advanced Trauma Life Support
(ATLS) courses, initiated by the American College of
Surgeons and now run in many countries. These courses

employ well-trained volunteers as ‘patients’ and partici-

pants are given training and assessment in real-life

simulations using the ‘ABC system’ shown in Box 8.1.

INITIAL CARE IN THE ACCIDENT
DEPARTMENT

ORGANISATION OF THE ACCIDENT DEPARTMENT

The accident department is usually given prior warning,
by the ambulance service when seriously injured patients
are on the way to hospital. This alerts the surgical and
anaesthetic teams to be standing by when the patient
arrives. The resuscitation room and its essential equip-
ment are made ready for immediate use, e.g. infusion
sets run through, drugs laid out. Success in managing
life-threatening injuries depends on good organisation.
One doctor must take overall medical responsibility and
coordinate the activities of any other specialties involved.
This is of paramount importance in patients with mul-
tiple injuries.

MAJOR DISASTERS

For major disasters such as train or air crashes where

many casualties can be expected, each hospital desig-
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nated to receive casualties should have a detailed and
rehearsed major accident plan, defining exactly who is
responsible for each of the main functions (e.g. medical
coordinator, field triage officer—see below) and their

precise duties, together with details of the actions

® Minor injury

® Expectant—severely injured and unlikely to survive
even if treated aggressively (only used in a mass
casualty scene)

® Dead

required of all other team members. Parts of the plan can
be summarised on action cards, distributed to desig-
nated staff when a major accident is declared. PROTOCOL FOR INITIAL ASSESSMENT OF INJURY
An important task in managing major disasters is to ; e
’ : W : Many patients brought to the resuscitation room have
sort patients into management priority groups on arrival, : [ g R Y i .
: 5 already received ‘on-site’ first aid from an accident team.

a process known as triage. : : . ) : -
i . R Nevertheless, all patients need an initial rapid primary
I'he usual triage categories are: y Sk L Fuak
survey and appropriate resuscitation. This includes simul-

® Critical—require immediate surgery taneous assessment, identification and management of

@ Serious—require surgery but can wait immediately life-threatening problems. Most deaths result

KEY POINTS

Box 8.1 Management priorities for the patient with multiple injuries*

1. Resuscitation and support of cardiovascular and respiratory function

. Is the AIRWAY obstructed?
Remove any oropharyngeal obstructions, e.g. teeth, dentures or blood
Intubate trachea or perform cricothyroidotomy if necessary, especially if the patient is unconscious or has multiple jaw
fractures

. Is the patient BREATHING spontaneously and adequately ventilated?

Ventilate artificially if necessary, e.qg. for flail chest or serious head injuries

@® Seal any open chest wounds allowing air into the pleural cavity in order to limit mediastinal ‘flap’ movement with

each breath
® Relieve tension pneumothorax, drain haemothorax
by chest drainage

C. What is the state of the CIRCULATION as assessed by pulse rate and blood pressure, and is there any obvious external
haemorrhage?
Ensure adequate circulating volume by controlling haemorrhage and replacing lost fluids by intravenous infusion
Relieve cardiac tamponade by long needle aspiration
Apply external cardiac massage in the case of cardiac arrest
Catheterise the bladder to monitor urine production and to provide a guide to renal perfusion

. Is there any DISABILITY of the central nervous system? Glasgow Coma Scale and brief neurological examination assess
the level of consciousness and other neurological deficits

. EXPOSURE of the whole patient, including removal of all clothing, to allow a rapid ‘top to toe’ assessment for
external injury

® 0>
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. Treat life-threatening injuries revealed during the primary survey

Relieve rising intracranial pressure, e.g. surgical decompression of extradural haemorrhage
perform thoracotomy for major heart and great vessel injuries

perform laparotomy for gastrointestinal perforation or splenic rupture

Investigate and repair major peripheral vascular injuries, e.g. penetrating groin injury

e 0N

=8

. Treat major fractures and dislocations including spinal injuries

4. Treat less serious injuries after secondary survey

® Perform wound toilet of soft tissue injuries, suturing or packing as appropriate
@ Reduce other fractures and dislocations

@ Repair tendon and peripheral nerve injuries

*Based on the Advanced Trauma Life Support system of the American College of Surgeons
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from head injuries or from multiple injuries involving
chest, abdomen and limbs. Management priorities for
the multiply injured patient are summarised in Box 8.1.
Primary survey and resuscitation is followed by a
secondary survey designed to assess the potential for
developing other life-threatening problems or compli-
cations. In the critically injured patient, the urgency of
initial treatment may delay progress to the secondary
survey.

PREVENTION OF SECONDARY INJURIES

Primary injuries are those which result directly from the
trauma. Secondary injuries occur as an indirect result of
the trauma, e.g. brain damage from hypoxia, spinal cord
injury due to poor handling of an unstable spinal injury.
These are largely preventable with good immediate care,
careful handling, rapid resuscitation and elective venti-
lation if needed. Early stabilisation of long bone fractures

(a)

Fig. 8.1 Cervical spine fractures

Accident surgery: general principles and soft tissue injuries

minimises the risk of later multiple organ failure and
provides stable conditions in which a formal assessment
of any less urgent head, chest or abdominal injuries can
be made.

Cervical spine injury

Any unconscious patient may have sustained an unstable
vertebral injury, and secondary spinal cord injury may
occur unless the patient is nursed and moved with
extreme care. Unconscious trauma patients should always
have X-rays of the cervical spine (see Fig. 8.1). Conscious
patients with suspected cervical spine injuries should be
moved with extreme caution. Passive neck movements
must not be attempted but the patient should be allowed
to perform active movements unaided; spasm or pain

will restrict movement if there is a significant injury.
Patients should be “log-rolled’ by several people together
in order to move them.

()

(a) Lateral cervical spine X-ray of a 17-year-old boy admitted semi-conscious after coming off his motor-cycle and landing head-first in a ditch, On
examination he was nat moving his lower limbs or hands although there was some movement at the shoulders, The X-ray shows a burst fracture
of the body of C6 (arrowed) with fragments in the spinal canal; there is also some posterior subluxation of C5, (b) Left lateral cervical spine X-ray
from another unconscious young patient showing a fracture (arrowed) of the body of C2 and severe anterior subluxation of C1.
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INITIAL ASSESSMENT OF THE
SERIOUSLY INJURED PATIENT

Despite the urgency of the situation, primary assessment
of the trauma patient must be performed in a systematic
manner, i.e. history, examination and special tests.

HISTORY

A rapid history is obtained from the patient if possible
and from ambulance personnel and other witnesses. The
history should include the following details:

® Time of the accident

® Nature and speed of impacl

@ Fate of other travellers in the same vehicle

® Conscious level of patient when discovered and later
changes in conscious level

An estimate of blood loss at scene of accident

Details of drugs, fluids and other treatments
administered at scene of accident

® [Previous state of health including past medical
history, drug history and drug allergies

® Details of prior food, alcohol or drug intake

EXAMINATION

A rapid preliminary examination or primary survey is
performed as soon as the patient arrives.

The main observations are:

® Airway, breathing, circulation, neurological disability
(including the ability to move all limbs) and full
exposure (see Box 8.1)

® Slate of consciousness (Glasgow Coma Score, see
p. 137)

® Signs of distress—difficulty in breathing, obvious pain

® Appearance of the skin for evidence of pallor and
L'_\-‘-'l”ilh'-ih

® Vital signs—pulse rate, blood pressure, respiratory
pattern

® The presence of gross injuries

From this, immediate management priorities can be
identified and resuscitation implemented. Once this has
been done, a detailed ‘head to toe” secondary survey is
then performed for signs of serious head, spine, chest,
abdominal, pelvic and limb injuries. The particular
observations are summarised in Box 8.2; details for
individual systems are described later. The examination
findings and the time of examination must be carefully
recorded in the patient’s notes, not least for medicolegal
purposes. The secondary survey must be repeated during
hospitalisation as some major and many lesser injuries
are missed because of the urgency of the serious injuries
Up to 20% of multiple injury patients have injuries missed

in the early stages.

KEY POINTS
Box 8.2 Special points to note in systematic
examination of the seriously injured patient
Head and neck
® Lacerations
@ Depressed vault fractures
® Facial and jaw fractures
®
El

Pupil size and responsiveness
Range of active neck movements

Chest (front and back)

@ Penetrating injuries

@® Bruising and skin imprinting

@ Pattern and rate of respiration

® Symmetry of chest movement

® Gross mediastinal shift

® Pattern of air entry throughout lung fields
® Crepitus (subcutaneous air)

Abdomen
@® External injuries as for chest

@ Distension by gas or fluid

® Abdominal girth

@ Tenderness

@ Presence of palpable or percussible bladder
@ Pelvic fractures

@ Bleeding from urethral meatus

Limbs
® Neurovascular status of each limb
@ Lacerations

® Deformities

® Soft tissue swelling

@® Fractures and dislocations

X-RAYS AND OTHER INVESTIGATIONS

In most seriously injured patients, the chest and cervical
spine are X-rayed in the resuscitation room using port-
able equipment. The diagnostic quality of chest films
must be good enough to exclude major chest wall, media-
stinal and lung injuries and also to provide a baseline for
comparison if the patient subsequently deteriorates. Cer-
vical spine X-rays often fail to include C1, C7 and T1 and
poor films must be interpreted with caution; if necessary
they should be repeated or a CT scan of the area should
be ordered.

Portable skull X-rays should only be performed if this
is likely to affect immediate management as diagnostic
quality tends to be inadequate. CT scanning of the skull
may be required urgently in head-injured patients. All
other X-rays are performed later in the radiology depart-
ment once the patient has been stabilised.

Initial blood tests should include haemoglobin and




blood grouping and antibody screen and an appropriate
number of units of bank blood should be ordered. In a
desperate emergency, universal donor blood (group O,
Rh negative) can be transfused without grouping or

cross-matching, although plasma substitutes will usually

suffice until compatible blood becomes available, Plasma

Accident surgery: general principles and soft tissue injuries

electrolytes and glucose are usually measured, and
arterial blood gases are estimated if there is any sus-
picion of respiratory failure.

Further investigations are guided by the nature of the
individual injuries, as detailed below and in the follow-

ing chapters.

i:,? FIE‘ A CRACKA
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TISSUE INJURIES

The detailed management of a particular injury depends
on its site, the tissues involved, the extent of contamin-
ation and the possibility of retained foreign bodies. In
every case, the danger of tetanus must be considered and
tetanus toxoid administered if immunisation is in-
adequate. Deep, soil-contaminated wounds (however
small) in an unimmunised patient warrant prophylactic
penicillin.

The majority of wounds can be cleaned and sutured
immediately, particularly on the face, but contused or
contaminated wounds require cleansing and excision of
dead tissue (debridement) followed by delayed primary
suture a few days later. Less commonly, they are allowed
to heal by secondary intention (see Ch. 6).

Fig. 8.2 Glass in soft tissue wounds

FOREIGN BODIES

The history of the injury gives a clue as to the likelihood
of a foreign body being present. The main foreign bodies
are road dirt and gravel, wood splinters, glass and metal
fragments. Radiology will show metal and usually glass
(see Fig. 8.2). The radiopacity of glass, however, depends
on its lead content and a negative X-ray does not exclude
its presence. It is important to remember that an
unrecognised foreign body may result in litigation!

As a general principle, foreign bodies should be re-
moved, especially if they are organic or likely to be con-
taminated. Glass and metal fragments are often small,
multiple and deeply embedded and may be difficult or
impossible to locate at operation despite X-ray diagnosis.
In this case, it is not appropriate to embark on extensive
exploratory surgery but to leave the fragments in situ
where they rarely cause much problem. The patient must
be informed about what has been left and warned that
superficial fragments usually work their way to the
surface and are shed spontaneously. The patient must be
instructed to return if problems occur later. All of this
information should be recorded in the notes in case of

future legal action.

(a) A 19-year-old woman with lacerations near the knee after falling on to broken glass. Note several fragments of glass (arrowed) in the
infrapatellar soft tissues. (b) Fragments of glass (arrowed) in the palm of a 12-year-old boy after he fell through a glass door. In both these cases,
the fragments were missed by casualty officers because X-rays were not requested despite a history of glass injury,

" Slal
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FACIAL LACERATIONS

Facial lacerations heal well. Provided they are cleaned
meticulously, they can be sutured primarily and expected
to heal. Infection is rarely a problem because of the
excellent blood supply. Even ragged skin edges do not
become devitalised and trimming is rarely necessary.
The main consideration is the likely cosmetic outcome
and great care should be taken with suturing technique,
employing general anaesthesia if necessary. Complex
lacerations or skin loss, especially on children and young
men or women, should be sutured by a plastic surgeon.

SCALP LACERATIONS

Apart from associated brain injury or skull fracture, the
main considerations in dealing with scalp lacerations are
haemostasis and whether the aponeurotic layer has been
breached. Assessment and proper exploration are diffi-
cult without shaving the wound edges; large lacerations
should be explored under general anaesthesia. If the
aponeurosis (galea) has been breached, this layer must
be sutured separately to prevent accumulation of &
subaponeurotic haematoma which is vulnerable to
infection. The major scalp vessels lie in the superficia

Fig. 8.3 Horner's syndrome caused by stab wound in the neck. This
19-year-old was stabbed in the neck: the knife missed the great

v

els but succeeded in damaging the cervical sympathetic chain,
causing miosis (contraction) of the pupil as a result of unopposed
parasympathetic ac tivity

fascia between the dermis and the aponeurosis. Dense
collagenous bands traverse the superficial fascia and
may inhibit vascular contraction and the expected spon-
taneous arrest of bleeding. These vessels should be
individually ligated or sutured. The extent of blood loss
from scalp lacerations is easy to underestimate and may
be sufficient to cause hypovolaemic shock.

LACERATIONS TO THE LIMBS AND HANDS

'he main considerations with this type of injury are as
follows:

® Possible nerve, tendon or vascular injury—
assessment includes testing sensation, movement,
peripheral pulses and tissue perfusion (i.e. pulses,
warmth, colour, capillary refilling after blanching)

@ Tissue viability—this is particularly important in the
case of crush injuries and flap lacerations, especially
of the pretibial area

® Risk of infection
vulnerable to infection of the pulp spaces and deep

the fingers and hands are

palmar spaces. These wounds need meticulous
exploration, cleansing and antibiotic prophylaxis
against staphylococci and streptococci (e.g.
flucloxacillin plus amoxycillin). Potential for gas
gangrene must be considered in the case of large
contaminated and contused wounds involving
muscle. Dead tissue should be thoroughly excised,
benzylpenicillin given prophylactically, and delayed
primary closure planned. Injuries from bites
(especially by dogs or humans) and bones (usually in
meat workers) almost invariably become infected
unless antibiotic prophylaxis is given.

PRINCIPLES OF REPLANTATION
SURGERY

Complete amputation of digits is common, especially in
industrial accidents, but sometimes whole limbs are
severed. With clean-cut injuries, it is possible to reattach
the amputated part using microsurgical techniques to
join the vessels and nerves. This cannot be done after crush
or avulsion injuries or in grossly contaminated wounds.
Even in ideal cases, recovery is slow and usually in-
complete, necessitating many months away from work
and much rehabilitation effort. Therefore, replantation
should never be undertaken without carefully evaluating
the likely benefits. In digital amputation, the greatest dis-
ability results from loss of the thumb. There is no place
for replantation of a single finger, even the index finger,
because the remaining fingers rapidly adapt to the loss.

Replantation should only be considered if there has
been no major crushing or degloving injury. Indications
for replantation include:




® Loss of whole upper limb or hand

Loss of thumb alone

® Loss of all digits (replant thumb and one or two
fingers)

@® Loss of all fingers (replant one or possibly two fingers)

Accident surgery: general principles and soft tissue injuries

At the scene of the injury, the severed digit should be
washed and placed in a plastic bag which is then placed
inside a second plastic bag containing ice or frozen peas.
In this way it can be successfully preserved for up to
12 hours.

Burns and scalds are common injuries, resulting in

12000 hospital admissions annually in England and
Wales. Many times this number are treated on an oul-
patient basis. Two-thirds of burns occur in the home, the
rest largely occurring in industrial accidents. The vast
majority are preventable. Young children and the elderly
are at greatest risk from burns and also suffer dis-
proportionate mortality from them. Among the most
common burns are those involving toddlers who pull
containers of hot fluid over themselves from cookers and
tables. These result in scalds to the outstretched arm,
face, neck and front of the chest (see Fig. 8.4).

PATHOPHYSIOLOGY OF BURNS
THERMAL BURNS

For thermal burns of the skin, the depth of tissue
destruction is an important determinant of outcome.
Skin burns are divided into partial or full thickness.
Partial thickness burns are those in which epidermal
elements are spared, allowing spontaneous healing with-
out skin grafting. In deep partial thickness burns, the
only epithelial remnants may be hair follicles and sweat
glands which extend into the hypodermis; thus with
deep partial thickness burns, regeneration is slower, Full
thickness burns are those in which all the epidermis has
been destroyed, Skin grafting is usually necessary because
epithelialisation from the margins is slow and prone to
complications, in particular infection, fibrotic scarring
and contractures.

The extent of damage caused by a thermal burn is
related not only to the temperature of the burning agent
but also to the duration of contact. Water at a tem-
perature of only 45°C, if applied for long enough, will
cause full thickness burns (scalds). This is often the
mechanism of tragic burns in childhood. Thus first aid
includes removing clothing socaked in hot fluid and
drenching the burned area in cold water for many
minutes.

Loss of the epidermis in extensive burns removes the
normal barrier to evaporation of body water, and
evaporation is increased because of inflammatory
exudation of protein-rich fluid. Large volumes of fluid
can be lost, the amount depending on the area rather

Fig. 8.4 Typical pattern of burns in a young child
The child pulls a teapot or cup of hot liquid from a table or when
being held by a seated adult. The area shaded pink s typically burned

than the depth of the burn. In large burns, vasoactive
amines from the inflammatory response are released into
the general circulation, causing a generalised increase in
capillary permeability, increasing the volume of plasma
leaving the circulation. Burns involving 15% or more of
the body surface in adults and 10% in children result in
hypovolaemia sufficient to cause shock.

Extensive epidermal loss and the presence of necrotic
tissue place the patient at particular risk of infection and
organ failure. The main organisms are Streptococcus
pyogenes during the first week and Pseudomonas aeruginosa
thereafter. Pseudomonas septicaemia is responsible for
considerable mortality, even in this antibiotic era.

ELECTRICAL BURNS

Electrical burns are caused by the conversion of electrical
energy into heat, and the severity of burning is pro-
portional to the electrical resistance of the tissue through

-«




__Section.

Principles of accident surgery

which the current is transmitted. Bone offers the highest
resistance. If current passes through a limb, the bones
become heated and nearby structures such as muscle
and blood vessels suffer greatly. Consequently, the extent
of damage is often much greater than is immediatels
apparent. Deep tissue necrosis may not become clinicall
apparent until some days after an electrical burn.

INHALATIONAL INJURIES

Respiratory and systemic damage from inhalation of hot
air, smoke and loxic gases (e.g. carbon monoxide or
cyanides from burning upholstery) is a major cause of
death and complications even when skin burns are slight.
The heat of inhaled gases is often sufficient to cause
inflammatory oedema of the oral, nasal and laryngeal
mucosa or even serious burns. Blackening by smoke
around the nasal or oral cavities warns of inhalation
injury. In addition, noxious gases injure the lung paren-
chyma, resulting in pulmonary oedema, atelectasis and
secondary pneumonias.

ASSESSMENT OF THE BURNED PATIENT

The history should include information about the source
of the burn, the temperature and the duration of contact
and whether there was any inhalation of noxious gases.
The percentage of skin area burned must be estimated
accurately for purposes of fluid replacement. The usual
method is the ‘rule of nines’ and is illustrated in Figure
8.5. Another method is to compare the burned area with
the patient’s palm, which is equivalent to about 1% of
total body area. The depth of burn is often difficult to
assess at the time of presentation. Signs of partial
thickness burns are skin redness with blanching to finger
pressure and normal pinprick sensation; charred skin or
thrombosed skin vessels invariably indicate a full thick-

ness burn.

PRINCIPLES OF MANAGEMENT

One of the first management decisions is whether the
burned patient requires hospital admission. Suggested
criteria are summarised in Box 8.3. Patients with extensive
burns, i.e. involving more than 30% ol body surface,
should generally be transferred to a specialist burns unit
as soon as initial treatment has been carried out.

OUTPATIENT MANAGEMENT OF MINOR BURNS

The main objective is to prevent dehydration and infec-
tion of the burn site. Any blisters are punctured and a

9%

18%
front

18%
9% back 9%

1% 1%

18% 18%

Fig. 8.5 Rule of nines

KEY POINTS
Box 8.3 Criteria for hospital admission after burns
® Adults with burns involving 15% or more of total
skin area, and children with 10% or more
Full thickness burns
Circumferential burns on the limbs
Suspicion of inhalation of hot gases or smoke
Burns to face, hands, feet or perineum (difficult to
manage at home)
® Electrical burns

non-stick dressing applied. Tulle gras (paraffin gauze)
impregnated with chlorhexidine or povidone-iodine
may be used or alternatively silver sulphadiazine cream
(Flamazine). Either dressing is then covered by a thick
absorbent layer of gauze and wool or gamgee. Burns on
the fingers and hands are best treated with a liberal
coating of silver sulphadiazine cream and enclosing the
hand in a plastic bag. The patient should be reviewed at
least every second day and skin slough excised as it
separates. Partial thickness burns re-epithelialise within
14-21 days. If this does not occur, the burns are full
thickness and require skin grafting.

Application of the dressing gives considerable relief
from pain but even minor burns are extremely painful

and require suitable analgesia.




MANAGEMENT OF EXTENSIVE BURNS

The main aspects of early management of serious burn
victims are fluid replacement, assessment and treatment
of inhalational respiratory problems and local manage-
ment of the burns.

Fluid management

As described previously, adults with 15% and children
with 10% body involvement lose sufficient fluid to be at
risk of hypovolaemic shock. Most fluid is lost in the first
12 hours but substantial fluid losses continue for at least
another 36 hours. Since much of the fluid lost is essen-
tially plasma, the mainstay of fluid replacement is plasma
substitute (gelatin solutions) although 4.5% human albu-
min is still sometimes used. The remainder consists of
isotonic electrolyte solutions, e.g. Hartmann’s solution.
Fluid requirements should be calculated by reference
to a well-tried formula, such as that of Muir and Barcley
shown in Figure 8.6. With this formula, the anticipated
fluid loss in each of the three 4-hour periods im-
mediately following the burn is half the product of the

Formula
Fluid volume - Body weight x % burns
(ml) (ka)
2
Example
—Thearetical fluid loss
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Hours elapsed since burns sustained

Fig. 8.6 Serious burns—a method for estimating fluid
requirements over the first 36 hours (after Muir and
Barcley

The lower panel shows an example of a fluid replacement regimen

tor a 70 kg man with 20% burr

Unit fluid volume =
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percentage area of the burn and the body weight in
kilograms. By way of example, for a 20% burn in a 70 kg
patient, 700 ml fluid I't'}"].]ft.—"ﬂ'll‘i“ is a reasonable esti-
mate for each of the first three 4-hour periods. After the
first 12 hours, the same volume is again administered in
each of the next two 6-hour periods and then again over
the following 12-hour period. Fluid balance must also be
monitored according to pulse, blood pressure and urine
output. For the last, catheterisation is usually necessary
in an extensively burned patient.

Management of inhalational injuries

[f there is a history of possible smoke or gas inhalation,
the patient must be carefully examined for evidence of
soot or skin burning around the mouth, nostrils and
throat. These usually indicate serious inhalation injury.
Investigations include chest X-ray, blood gas and carbon
monoxide estimations and flexible bronchoscopy.

Treatment involves administration of humidified air
by mask and antibiotics to prevent chest infection. If
hypoxia and pulmonary oedema develop, endotracheal
intubation and artificial ventilation are likelv to be
|'L‘\I““'L'Ll.

Local management of the burn

he principles of local management of extensive partial
thickness burns are the same as for minor burns. Full
thickness burns will require skin grafting at some stage
Fingers, eyelids, limb flexures and genitalia nearly
always require primary grafting soon after injury. In
specialist centres, smaller burns are excised and grafted
at the outset before infection can dt‘\'t"!t.T}.‘J. Otherwise
grafting is usually delayed for 2 weeks or so but the
wounds must be free of infection. Sometimes grafting
has to be performed in several stages.

FFull thickness circumferential burns of the limbs and
thorax begin to contract early and may restrict blood
flow and respiratory movements. If these signs develop,
a procedure known as escharotomy is performed,
involving incision of the eschar longitudinally down to

bleeding tissue.

Long-term problems

Even after grafting, full thickness burns across joint
flexures, including the neck, may undergo severe fibrotic
contraction so that movement becomes seriously limited.
lhis difficult problem may require multiple plastic

operations.
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imGaUChiow PATHOPHYSIOLOGY OF TRAUMATIC
Head injuries are a devastating problem with an enormous BRAIN INJURY
social and economic cost. They cause approximately

3500 deaths each year in the UK, about 0.6% of all deaths, II'.U:II”:'EHIK. i,”""“ i!l].lll‘[L“* “_'im be d]”d.ed R primary
brain injuries, the immediate result of the trauma, and

Figure 9.1 demonstrates that serious injuries represent
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only a small proportion of head injuries; the main secondary brain injuries which develop later as a result

problem lies in the huge volume of head injuries, the of ‘_"’m_}'ﬂ_""”.'“”“' Treatment F””"Ut I'C"L“r‘—"t’ the prim.n'_\
medical and nursing care they require, and the chronic brain injury but can MI_.*'WIH the Pdfllt’"f Id“””iﬁ' the
disability the injuries cause. natural recovery period. Secondary brain injury, mostly
caused by ischaemia or hypoxia, is largely preventable
by prophylactic measures and appropriate intervention,

lhe death rate from head injuries could be greatly

The vast number of head injury patients is a major
sroblem in providing satisfactory trauma services. Less
I 5 h

than half require hospital admission and of these, ; ; ] :
only a small proportion need specialist neurosurgical ""'"i““‘fi by more widespread 1‘“}"'1‘4““_‘4‘1“3““‘1 of well-
investigation and care. Those with serious and moderate Lo ‘_}:‘]”Hm{ lencmmm‘nl PINU(UISJ i _dlr;curs:a-_'d IAter
injuries can readily be identified and monitored closely : ”"" brain h“‘"“ . mimmnll capacity to regenerate
in hospital, but a small proportion of minor head injuries Iun‘clmn.ﬂl_v after injury but in g.unw:n], the younger the
will deteriorate seriously later. The difficulty is to recog- ~ Patient, the better the prognosis. Young dmd"””_ can
nise those at risk without investigating and admitting often recover full function after remarkably severe injuries
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every single case to hospital, because of the plasticity of the developing nervous system

Serious head injuries requiring intensive care and often
neurosurgical procedures

Head injuries admitted to hospital and discharged within 48
hours

Minor head injuries attending accident and emergency and
discharged + skull X-rays

Minor head injuries not seen in hospital

128 Fig. 9.1 Workload caused by head injuries




With increasing age, the consequences of the primary
injury are likely to be more severe; the brain shrinks in
relation to the cranial vault, allowing greater mobility
under impact and a greater chance of tearing intracranial
veins leading to subdural haemorrhage.

PRIMARY BRAIN INJURY
CONCUSSION

Concussion is a brain injury associated with brief loss of
consciousness, usually for only a few minutes; it causes
minor cognitive disturbances such as temporary con-
fusion or amnesia. By definition there are no persistent
abnormal neurological signs.

DIFFUSE AXONAL INJURY

Axonal injury occurs in mild, moderate and severe head
injuries, the number of axons damaged increasing with
the severity of the injury. Causative factors are similar to
those that produce intracranial haematomas (described
on p. 131) but the trauma is usually initiated by contact
with a broader object with less force and often with
lateral movement. This condition does not cause raised
intracranial pressure and treatment is supportive.
Sequelae include organic and psychological dysfunction
including loss of concentration, memory disturbances
and personality changes such as depression or dis-
inhibition. Higher cortical functions are affected most
and take longest to recover. Many of these clinical
features were formerly attributed to brain-stem injury.

FOCAL BRAIN INJURIES

Focal injuries involve gross damage to localised areas of
the brain and are readily visible on CT scanning. The main
lesions are cerebral contusion or sometimes laceration,
haemorrhage and haematoma, all of which may act as

Horizontal section Horizontal section

‘Coup’ or direct injury.  ‘Contra-coup’ injury to
Mechanism similar to side opposite blow
deceleration injury because of rebound

Horizontal section

Rotational injury. © s

Inertia of brain suspended within cranium i
leads to tearing of surface vessels and

subdural haemorrhage to the tearing

Head and maxillofacial injuries

space-occupying lesions and result in secondary brain
injury. The site and extent of the primary injury depends
on the nature of the damaging force (see Fig. 9.2).
Contusions may be small or large and occur beneath the
area of impact (coup) or at the tips of the frontal or
temporal lobes remote from the injury (contre-coup) as
a result of the force vectors caused by deformation of the
skull at the time of impact. Large contusions are associated
with prolonged coma, small ones with lethargy and subtle
focal deficits.

Brain injury is much more likely to have occurred if
there is a skull fracture but skull fracture itself does not
necessarily indicate brain injury. With overt brain injury,
there is usually a period of coma followed by a period of
cognitive disturbance related to the extent of diffuse
axonal injury or focal injury.

SECONDARY BRAIN INJURY

Secondary brain injury may be caused by cerebral
hypoxia, intracranial bleeding or infection. These are
discussed in detail below.

CEREBRAL HYPOXIA

Oxygen deprivation to the brain after head injury is the
most important and most easily preventable cause of
secondary brain injury. It stems from ischaemia (lack of
blood) or hypoxia (lack of oxygen in the blood). Damage
is caused by cellular hypoxia or raised intracranial
pressure due to cerebral oedema, or both. The most
common cause is inadequate pulmonary oxygenation
due to airway obstruction, alcohol or drug overdose,
chest injury, inhalational pneumonitis, acute respiratory
distress syndrome or central respiratory depression.
Hypotension due to hypovolaemia may also contribute
to cerebral hypoxia by reducing cerebral perfusion.
Resuscitation is designed to treat both of these problems.

Fig. 9.2 Mechanisms of brain injury
(a) The mechanism of ‘coup’ or direct
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INTRACRANIAL BLEEDING

Post-traumatic intracranial bleeding is traditionally
classified into extradural (epidural), subdural or intra-
cerebral (see Fig. 9.3) but is has recently become
established that subarachnoid haemorrhage is also a
common occurrence after moderate or severe head injury
and carries a poor prognosis. Local brain compression
causes focal neurological effects as well as a general rise
in intracranial pressure. The latter may cause temporal
lobe herniation under the tentorium cerebelli or ‘coning’
of the brain stem through the foramen magnum, or both.
An acute rise in intracranial pressure manifests as:

Deteriorating level of consciousness
An enlarging, unresponsive pupil
Central respiratory depression
Falling pulse rate (late sign)

Rising blood pressure (late sign)

Extradural haemorrhage

About 10% of severe head injuries result in extradural
haemorrhage and this is most common in children,
adolescents and young adults. It is most likely when
there is a skull fracture in the temporal region but can
occur without a fracture. It is usually caused by rupture
of an artery, the middle meningeal; consequently the
haematoma develops rapidly and needs urgent surgical
intervention. Death will quickly follow unless the
haematoma is evacuated post-haste. Emergency CT
scanning is indicated, both to confirm the diagnosis and
to show the position of the haematoma. With increased
awareness of the problem and the more widespread
availability of CT scanning, emergency burr hole drain-
age of an extradural haemorrhage by a general surgeon
is rarely required. Transfer to a neurosurgeon for con-
sideration of craniotomy is usually the most appropriate
course of action,

Pathologically, there is rapid accumulation of (arterial)
blood between the skull vault and the tough dura mater

Extradural haemorrhage

Subdural haemorrhage

Intraventricular and
intracerebral haemorrhage

with the extent of lateral spread limited by dural attach-
ments. The mass bulges into the underlying brain sub-
stance causing local compression and a rise in intracranial
pressure.

The classic clinical picture in extradural haemorrhage

is as follows:

® Loss of consciousness

® Frequently a lucid interval with severe headache and
drowsiness

® Secondary decline in consciousness following any
lucid interval

® Rapid development of a fixed, dilated pupil on the
side of the injury and a hemiparesis on the opposite

side

In some cases, unconsciousness is continuous from the
outset. Extradural haematomas nearly always present

within 24 hours of trauma.

* o,

F

Fig. 9.4 Temporo-parietal fracture with extradural
haematoma

This 20-year-old man was admitted fully conscious after being

skull X-ray showing a linear fr

of the

banes {(arrowed) crossing the course of the ante

middle meningeal artery M on the temporal bone

Fig. 9.3 Types of post-traumatic
intracranial bleeding
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Subdural haematoma

Subdural haematomas are more common than extradurals
and occur in about 30% of severe head injuries. Subdural
haematoma usually results from the tearing of veins
passing between the cerebral cortex and dura, or from
laceration of the brain or cortical arteries. Blood
accumulates relatively slowly in the large potential space
between dura mater and arachnoid mater. The haematoma
tends to spread laterally over a wide area. In contrast to
extradural haemorrhage, there is usually underlying
primary brain injury and the mortality is up to 50%.
Subdural haematomas commonly occur in more than one
site, either on the same side or on both sides (see Fig. 9.6).
In an acute subdural haemorrhage, there is usually
clinical evidence of significant brain injury at the outset,
with later deterioration. A lucid interval is rare. Acute
subdural haemorrhage is more common in older adulls
because of increased brain mobility within the skull.
Surgical evacuation of the clot may halt deterioration but
recovery is often incomplete; most elderly patients die
from this condition despite expeditious treatment. With
increasing use of warfarin anticoagulation, acute subdural
haematoma is seen more commonly after trivial injury.

Chronic subdural haematoma
Subdural haematomas may develop gradually in the

Head and maxillofacial injuries

elderly following trivial, often unrecalled, head injury.
This may become manifest weeks or months later as
non-specific neurological deterioration, chronic headache
or coma. Most patients do not present with a history of
head injury and the diagnosis is made on investigation
of neurological symptoms.

Fig. 9.6 Subconjunctival haematoma following a head
injury

This 14-yea

Fig. 9.5 (a) CT scan of an elderly man 48 hours after a head injury in a road traffic accident. The CT scan was performed because of a

deteriorating conscious level, There is a large subdural haematoma on the right side and a smaller one on the left. The midline ifted to the
1

left by the mass effect of the larger haematoma and there is compression of the lateral ventricles. the patient required neurosurgical drainage

(b) CT scan of skull after head injury in a cyclist knocked off his

both areas of injury

bike by a car. Note the signs of external injury in the left temporal region and the
right fronto parietal region. There is a depressed segment of skull bone in t

> left ternporal region and signs of intracerebral contusion beneath
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Intracerebral haemorrhage

Haemorrhage into the brain parenchyma is caused by
primary brain injury. Small deep lesions are often asso-
ciated with diffuse axonal injury and should be monitored
for expansion using serial CT scans. A larger lesion or
continuing haemorrhage produces an expanding mass
lesion which should be evacuated early to prevent
secondary brain damage.

INFECTION

Meningeal infection may cause secondary brain injury,
with organisms entering via compound skull fractures.
Fractures underlying scalp lacerations are easily diag-
nosed as compound but others may be deceptive; for
example, fractures of the skull base may communicate
with the sphenoid or ethmoid sinuses, the nasal cavity or
the external auditory canal. Similarly, fractures of the
frontal bone often involve the frontal sinuses. Fractures
of this type are thus always assumed to be compound.

Early debridement of compound depressed fractures
is essential to minimise the risk of infection. There is no
evidence to support the use of prophylactic antibiotics,
which should be reserved for use when clinical infection
is manifest; this usually becomes evident several days
after injury.

SKULL FRACTURES
THE IMPORTANCE OF SKULL FRACTURES

A skull fracture indicates a severe impact. Consequently,
patients with fractures are much more likely to sustain
primary brain damage than those without (see Table 9.2,
p. 136). In addition, patients with skull fractures are 30
times more likely to suffer secondary brain damage by
the mechanisms described earlier, All patients with skull
fractures therefore merit hospital admission for close
observation (even if fully conscious) as well as CT
scanning. Depressed fractures are often associated with
some primary injury to the underlying brain but, para-
doxically, the process of fracture may absorb some of the
energy of impact and protect the brain.

Most skull fractures can be diagnosed only on skull
X-rays or CT scanning, although basal fractures can be
difficult to demonstrate. Routinely ordering plain X-rays
for every patient with a head injury, however trivial, is
expensive, time-consuming and inappropriate. Clinical
criteria have been identified to identify those at significant
risk of a skull fracture so that radiological resources can
be employed cost-effectively, the criteria shown in Box
9.1 are widely employed in the UK. CT scanning is more
accurate than plain films, and can rule out not only
fracture, but also significant injury to the underlying
brain.

KEY POINTS
Box 9.1 Indications for skull X-ray after recent
head injury*
Orientated patient_ 2
® History of loss of consciousness or amnesia
Suspected penetrating injury
Cerebrospinal fluid or blood loss from nose or ear
Scalp laceration (down to bone or more than 5 cm
long), bruising or swelling
Any injuries resulting from interpersonal violene
Persisting headache and/or vomiting
@ In a child, fall from a significant height (which
depends in part on the age of the child) and/or on
to a hard surface; tense fontanelle; suspected non-
accidental injury

Patient with impaired consciousness or neurological signs
® All patients unless urgent CT is performed or
transfer to neurosurgery is arranged

Note: skull X-ray is not necessary if CT is to be performed

*Based on guidelines of the working party on head
injuries, Society of British Neurological Surgeons, 1998

TYPES OF SKULL FRACTURE
Linear or stellate fractures

These involve mainly the skull vault, often with little
external sign of injury, although there may be some
overlying scalp bruising or swelling. If there is a deep
scalp laceration or a history of penetrating injury, the
scalp should be deeply probed with a gloved finger,
which may reveal a small bony defect or step. Linear
fractures rarely exhibit displacement unless there are
multiple fracture lines.

Depressed fractures

These fractures are usually caused by blunt injuries and
the overlying scalp is usually lacerated or severely
bruised; such fractures rarely produce serious primary
brain injury unless they are depressed more than the
thickness of the skull vault. Elevation of depressed
fractures is usually performed for cosmetic reasons.

Compound (open) fractures

Either of the above types of skull fracture can be com-
pound. If the dura is torn, there is a direct communication
with the brain and a high risk of infection. Early
debridement and dural closure are indicated. Compound
fractures of the base of the skull are diagnosed clinically

and with CT scanning,




Fractures of the base of the skull

These usually involve the anterior or middle cranial
fossae. The characteristic clinical features are summarised
in Box 9.2

X-RAYS USED FOR DIAGNOSIS OF SKULL FRACTURES

A standard set of three X-ray films is normally taken to
diagnose a skull fracture: lateral skull, AP skull and
Towne's view (see Figs 9.7 and 9.8). The X-rays should
be examined for the presence of fractures and also for
pineal shift and fluid levels in the sphenoid and frontal

sinuses, Fluid levels indicate a basal skull fracture. For

suspected facial and orbital fractures, a 30° occipito-
mental view is the standard investigation.

MANAGEMENT OF HEAD INJURIES
ASSESSING ACTUAL OR POTENTIAL BRAIN DAMAGE

History

he history is of great value in deciding whether minor

head injuries need skull X-rays or admission to hospital
for observation (Fig. 9.9). The most important factors
which indicate brain injury and a risk of future com-
plications are a history of unconsciousness, and amnesia

(a) AP,Towne's and lateral views of the skull

A-P view Towne's view

(b) 30° occipito-mental view of the facial
bones

Fig. 9.7 The standard set of skull X-rays

Head and manxillofacial injuries

KEY POINTS

Box 9.2 Clinical signs of a fracture of the skull

base

Anterior fossa fractures

@ Periorbital haematoma (see Fig. 9.6)—usually bilateral
and limited by the margins of the orbicularis oculi

® Subconjunctival haemorrhage (see Fig. 9.6)—the
blood tracks from behind forward and therefore no
posterior limit can be seen (unlike the localised
subconjunctival haematoma which results from
direct trauma)

@ Cerebrospinal fluid rhinorrhoea—clear fluid running
from the nose

Middle fossa fractures, i.e. involving petrous temporal

bone

® Cerebrospinal fluid otorrhoea—clear fluid running
from the ear

® Bruising over the mastoid area behind the ear
(Battle's sign)

for events around the time of the accadent. Amnesia for
events after the accident (post-grade amnesia) may be
more significant than for events before it (retrograde
amnesia). The duration of unconsciousness and amnesia

Lateral view

X-ray tube angled
perpendicular to film

(a) The standard set of skull X-rays includes three views: anterior-posterior (AP), Towne’s view and lateral. For potential facial fractures, a 20
occipito-mental view may be added (b). The AP view is the standard frontal view of the skull. A calcified pineal may show a midiine shift. The
fowne's view shows the occipital bone, the zygomatic arch and the mandibular condyles if the mouth is open, The occipito-mental view of the

facial bones shows the middle third of the face, fluid levels in the maxillary sinuses as well as the orbits and fractures of the orbital floor.
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(b)

(d)

Fig. 9.8 Standard skull X-ray views and CT scan showing skull fractures

(a) Towne's view from a fully conscious 19-year-old woman after a blunt blow to the side of the head. This shows a depressed fracture in the left
parietal bone (arrowed). (b) Lateral view of the same [_‘.ldh(‘rl": skull. This shows two parallel fracture lines (arr _u\wuil |I e \.er]mem of bone
between them is depressed by more thar i upper part of the skull

e skull and would therefore need elevating. (c) € }
onal suture CS. There are parietal fractures -n.’rr:x\-rﬂ.!: -=.-"-|1 diastasis (
h speed impact ff

after an RTA sho

doid suture LS. (d) AP

conscious 24-year-old woman after a hic

ration ) in the parie | and squamous temn

ictures compound .
are proportional to the severity of brain injury. Witnesses indication of the energy transfer in the accident. Careful
should be questioned as to whether or not the patient questioning of the patient about events leading up to the
was ‘knocked out’. In practice, however, the evidence is accident will usually reveal the duration of retrograde
often equivocal. If the patient was travelling in a car, the amnesia; post-grade amnesia is more difficult to assess

134 extent of injuries to others in the car may give an because cerebral function tends to recover gradually.
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Patient condition Radiology Management
WELL ORIENTATED
(even if transient unconciousness or N
minimal amnesia) 0 : g
No serious scalp laceration or swelling HOME with written head injury
instructions to care of responsible aduit
or if no responsible relative
WEiLI. ORIENTATED ADMIT TO HOSPITAL—OBSERVE
wit No
* History of =10 min loss of conciousness fracture
and/or amnesia Skug_?(-rays i
* Suspected penetrating injury (ct’{_. Seah |
* Violent mechanism of injury _0d.e""‘l"‘se
* Serious scalp laceration or swelling indicated) With
= Suspected non-accidental injury in a fracture
il ADMIT TO HOSPITAL—OBSERVE
IMPAIRED CONSCIOUSNESS Skull X-rays No
* From head injury (or CT scan if fracture
= Alcohol or drug Intoxication otherwise With
* Difficult-to-assess patient indicated) fracture
ADMIT TO HOSPITAL—OBSERVE
SIGNS OF PROBABLE BRAIN TRAUMA Mo i CoIELSLACHIGEIoednS
or unstable systemic state (multiple injuries) fracture
* History of fit or convulsion CT scan within
» Skull fracture 54 houis of
« Cerebrospinal fluid or blood loss from admission
nOSE!_ O.r ear } With
* Persisting stable neurological deficits fracture
* Persisting headache or vomiting =
URGENT REFERRAL TO
DEFINITIVE SIGNS OF BRAIN TRAUMA thaent CT 500 HEURDSURREONG
. Per‘sisting coma (tdrg?-ll!y images
* Deteriorating consciousness transferred
= New or progressive neurological signs electronically)

* Epileptic seizure

Fig. 9.9 Management protocol for head injury patients

Examination

In addition to a general examination, a systematic neuro-
logical examination must be performed in every case of
head injury, however trivial. Particular attention should
be paid to level of consciousness, pupil size and reactivity,
eye movements and motor power in the limbs.

Level of consciousness
The level of consciousness is the most important
single observation in head injury patients. However,
unstructured clinical judgement is prone to error and
lacks reproducibility. The Glasgow coma scale (GCS

see Table 9.1) overcomes these problems and is used
world wide for assessing severity and for monitoring
progress. Level of consciousness can be categorised
simply and reproducibly by this method. Initial assess-
ment should take place after resuscitation and before
intubation if possible, and should take into account any
sedative drugs or alcohol taken and any direct orbital
injuries. If eye and verbal responses cannot be used, the

motor response is the most important observation—a
patient unable to follow commands has a serious head
injury. In patients with impaired consciousness, pressure
over the supraorbital nerve at the orbit is usually
employed to elicit pain. To be scored as localising the
pain, the patient’s hand should rise above the clavicle. A
flexion response to pain is manifest by the hand moving
but not rising above the clavicle. The Glasgow coma
scale can roughly sort patients into severe (a score of 3-8),
moderate (9-13) and mild (14-15) head injuries, which
helps determine appropriate investigation and treatment.
The probability of intracerebral haemorrhage likely to
need surgery in these groups is shown in Table 9.2. Table
9.3 shows the influence on this risk of post-traumatic
amnesia and the presence of a skull fracture.

After most minor head injuries, the patient is fully
conscious by the time of assessment. If there is any
depression of conscious level, the patient must be
admitted to hospital for observation. The extent to which
brain injury is responsible for depression of conscious-

ness is difficult to assess if the patient is intoxicated with

't _ial




downward drift on one side is indicative of brain injurv.
For the semi-conscious or unconscious patient, the
pattern of limb response to painful stimuli (the standard
is pressure over the supraorbital nerve) provides a useful
indication of the conscious level, as indicated in the

Glasgow coma scale (see Table 9.1).

MANAGEMENT OF MINOR HEAD INJURIES

A management scheme for head injury patients is shown
in Figure 9.9. For most patients presenting with head
injury, only two immediate decisions have to be made:
whether to perform skull X-rays or CT and whether to
admit to hospital for observation. Suggested criteria for
skull X-rays are shown in Box 9.1 (p. 132) and for hospital
admission in Box 9.3.

The purpose of admission after minor head injury is
to monitor the patient’s condition for about 24 hours,
during which period the majority of complications,
particularly intracranial bleeding, will become apparent.
Those who do not need admission should spend the first
night with a responsible adult who can return the patient
to hospital in the unlikely event of deterioration. A
printed sheet with details of warning symptoms and
signs should always be given to the accompanying adult.
[f a responsible adult is unavailable, hospital admission
is advisable.

Box 9.4 gives the suggested criteria for arranging CT
scans after head injury. As CT scanners have become

KEY POINTS

Box 9.3 Criteria for admission to a general
hospital after head injury*

Orientated patient
@ Skull fracture or suture diastasis (separation)

@ Persisting neurological symptoms or signs

® Difficulty in assessment, e.g. suspected drugs, alcohol,
non-accidental injury, epilepsy, attempted suicide

® Lack of a responsible adult to supervise the patient

® Other medical condition, e.g. coagulation disorder

All patients with impaired consciousness

Notes: 1. Transient unconsciousness or amnesia with
full recovery is not necessarily an indication
for admission of an adult, but may be soin a
child
2. Patients with head injuries may have other
serious internal injuries which are easily
overlooked

*Based on the report of the working party on head
injuries, Society of British Neurological Surgeons, 1998

Head and maxillofacial injuries

more readily available, these criteria now include patients
with uncomplicated skull fractures. Early CT scanning
allows prompt recognition of significant intracranial
injury and more efficient use of scarce high-dependency
beds and neurosurgical services by indicating when

specialist referral is unnecessary.

Head injury observations

The important observations for head injury patients
admitted to hospital are shown in Table 9.4. These
are sufficiently sensitive to provide early warning of
developing complications. Observations are performed

KEY POINTS
Box 9.4 Criteria for CT scan and consultation with
a neurosurgical unit after head injury*
Indications for CT scan in a general hospital
@ Skull fracture
Fit or convulsion
Confusional state
Neurological signs persisting after initial assessment
and resuscitation
Unstable systemic state precluding transfer to
neurosurgery
® Diagnosis uncertain
@ Tense fontanelle or suture diastasis in a child

Note: CT should be performed urgently, i.e. within
2-4 hours of admission.

Indications for prompt neurosurgical referral
® Coma persisting after resuscitation
® Deteriorating consciousness or progressive
neurological signs
@ Fracture of skull accompanied by
— confusion or worsening impairment of
consciousness
— epileptic seizure
— neurological symptoms or signs
® Open injury with any of the following
— depressed compound fracture of skull vault
— fracture of base of skull
— penetrating injury
® Abnormal CT scan
® CT scan normal, but clinical progress unsatisfactory

Note: neurosurgical opinion should be sought based on
clinical information; ideally, the CT images should be
transferred electronically to the neurosurgical unit

*Based on the guidelines of the working party on head
injuries, Society of British Neurological Surgeons, 1998
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Table 9.4 Essential observations for head injury
patients

Observation Sign of neurological

deterioration

Conscious level Falling score

(Glasgow coma scale)

Pupil size and light response Dilatation, loss of light reaction
or developing asymmetry
Irregularity, slowing or reduced
depth of breathing

Focal signs point to localised
intracranial damage

Falling pulse rate (late sign)
Rising blood pressure (late sign)

Respiratory pattern and rate
Developing neurological signs

Pulse rate
Blood pressure

by nursing staff, the frequency depending on the state of
the patient. If there is a skull fracture or any suggestion
of reduced consciousness, confusion, disorientation,
alcohol or drug effects, observations should be made at
30-minute intervals, at least for the first night, otherwise
hourly. Observations are recorded or plotted on a special
head injury chart so that deterioration will be immediately
obvious and can be reported to medical staff at once.

Patients with minor uncomplicated head injuries who
are fully alert can be safely allowed to go home after 24
hours even if there is a simple skull fracture. Patients
should be advised to rest at home for about 1 week as
some cognitive functions such as power of concentration
may not completely recover for some days (‘post-
concussion syndrome’).

MANAGEMENT OF MORE SEVERE HEAD INJURIES
Initial management

Any patient who is unconscious, has focal neurological
signs or whose conscious level is moderately depressed
(Glasgow coma score 14 or less) must be considered to
have a moderate or serious head injury. Nowadays, these
patients should have a CT scan even without evidence of
skull fracture. The patient should be resuscitated and
decisions made about the management of other injuries
and the timing of CT scanning if other injuries need
immediate treatment. If the receiving hospital does not
have CT scanning facilities, the patient may need to
be transferred to a regional centre after resuscitation. If

the patient is deteriorating rapidly and an extradural
haemorrhage is suspected, burr holes in the temporal
region must be made immediately if the patient’s life is
to be saved. However, with early use of CT scanning,
emergency burr holes made by a general surgeon are
now rarely indicated.

Continuing care

The management of intracerebral haemorrhage and other
major head injury complications is highly specialised.
Many of these patients have other serious injuries and
may need to be nursed and monitored in an intensive
care or high-dependency unit with the assistance of
anaesthetic staff.

The continuing care of the patient with stable serious
brain injury involves some or all of the following
procedures:

® Intensive monitoring of vital signs and neurological
status

® Endotracheal intubation and artificial ventilation if
hypoxaemic

® Nasogastric aspiration for all unconscious patients to
prevent inhalation of stomach contents

® Monitoring of fluid and electrolyte balance
(hyponatraemia and hypoproteinaemia exacerbate
cerebral oedema)

® Monitoring of intracranial pressure using a
surgically implanted extradural catheter

® Measures for the temporary control of raised
intracranial pressure, e.g. intravenous mannitol (for
its osmotic effect in reducing cerebral oedema) or
controlled hyperventilation (reducing pCO, causes
cerebral vasoconstriction, reduced cerebral oedema
and hence reduced intracranial pressure). Maintaining
the cerebral perfusion pressure is important and may
require intravenous infusion of fluids and perhaps
inotropic cardiac support

Long-term recovery of intellectual function after serious
brain injury is slow and cannot be hastened, although
physiotherapy and occupational therapy can aid physical
recovery. Patients may easily languish in the community
and should therefore be encouraged to join self-help
groups (such as Headway in the UK and other countries).

MAXILLOFACIAL INJURIES

GENERAL PRINCIPLES

Fractures of the facial skeleton are common, particularly
after sporting injuries, road accidents and fights. The

main fractures involve the mandible, the middle third of
the face, the nasal bones, the orbit and the zygoma. Facial
fractures rarely pose urgent management problems
except for major middle third fractures (in which the




upper jaw becomes detached from the base of the skull)
and multiple mandibular fractures; both may result in
upper airway obstruction, and these patients may require
endotracheal intubation or cricothyroidotomy to safe-
guard the airway. Facial fractures are generally managed
by maxillofacial surgeons who may not be available in
smaller hospitals. In most cases, delaying treatment for a
few days does not adversely affect the outcome.

EXAMINATION FOR FACIAL FRACTURES

[f there is any facial injury, the contour of the facial bones
should be carefully palpated before oedema develops and
obscures underlying bony deformities. The extraocular
muscle attachments may be disrupted by orbital wall
fractures so the full range of eye movements must be
formally examined and the patient questioned aboul
diplopia in all positions. The patient should be asked if
‘the teeth bite together normally’, and the mouth should
be examined both for missing or displaced teeth and
for the state of the dental occlusion. Abnormalities of
occlusion are a common and sensitive sign of a jaw
fracture which might otherwise be missed. The full range
of mandibular movements should also be checked to
exclude fractures or dislocations involving the mandibular
condyles.

RADIOLOGY

If facial fractures are suspected, X-rays should be taken
of the facial bones with the particular views chosen
according to the bones under suspicion. Interpretation of
facial radiographs can be difficult for the non-specialist

Fig. 9.10 Mandibular fractures

Head and maxillofacial injuries

but most fractures can be identified if the main bony
contours are carefully traced and compared with the
opposite side. Opacities or fluid levels in the maxillary
sinuses usually represent haematoma. This commonly
follows fractures of the bones surrounding the maxillary
sinuses, e.g. zygoma or orbital floor.

MANDIBULAR FRACTURES

The common sites of mandibular fractures are shown in
Figure 9.10. Because of the effects of oblique trauma, a
fracture on one side is often accompanied by a fracture
on the other side in a different position, e.g. body of
mandible on one side and condylar neck on the other.
Fracture lines tend to occur through points of weakness,
e.g. mental foramina, unerupted third molar teeth or
condylar necks. Most undisplaced mandibular fractures
need no active intervention but displaced fractures require
fixation. This can be achieved by wiring the lower teeth
to the upper teeth or by direct wiring of the bones (see
Fig. 9.11). Any fracture passing through a tooth socket
defines the fracture as ‘compound’ and prophylactic
antibiotics should be used,

FRACTURES OF THE MIDDLE THIRD OF
THE FACE

Fractures of the middle third of the facial skeleton range
from detachment of the palate and dental arch to complete
separation of the middle third complex from the base
of the skull. Diagnosis is based on clinical assessment.
A simple test is to grasp the upper teeth or jaw between

Oral pantomograph (OPG) showing mandible fractured in two places. Oblique fracture lines (arrowed) can be seen running down from between
the left first and second premolars and between the roots of the first right molar. The fractures have been immobilised by interdental wiring,

visible on the teeth in both jaws

wnle
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Oblique blow, e.g. punch

Through premolar area
and angle of mandible

Through premolar area
and condyle

Fig. 9.11 Common sites of mandibular fractures

the fingers and attempt to move them independently of
the skull. Treatment may involve disimpaction and usually
requires sophisticated external fixation to the skull

afterwards.

FRACTURES OF THE NASAL BONES

[rauma to the nose is extremely common and often resulis
in nasal bone fracture. Less often, fracture dislocation of
the septum occurs which may interfere with the nasal
airway. Diagnosis is made on clinical grounds and the
main features are flattening or lateral displacement of
the nasal bridge. Bleeding from the nose often indicates a
nasal fracture. The fracture is usually reduced several
days later by an ENT or maxillotacial surgeon.

FRACTURES OF THE ORBIT AND
ZYGOMA

DEPRESSED FRACTURES OF THE ZYGOMA

A depressed fracture of the zygoma (see Fig. 9.12) is the
most common fracture in relation to the orbit and results
from a blow to the cheek. The fracture line usually passes
through the infraorbital foramen and causes a palpable
step in the inferior orbital margin. The infraorbital nerve
becomes compressed with any substantial degree of
depression causing paraesthesia or numbness in its area
of sensory innervation, i.e. the upper lip, upper teeth and
buccal mucosa. Diagnosis may be suspected by flattening
of the cheek contour; this is best seen from above and
behind the patient. Overlying oedema may obscure a
depressed fracture, and these patients warrant radio-
logical examination. An associated fracture of the lateral
orbital wall may produce enough bleeding for it to
track forward under the conjunctiva. This type of sub-

Frontal blow

Through both condyles.
‘Guardsman’s fracture’ as from
falling on to point of chin

Through both premolar
areas

conjunctival haemorrhage has no visible posterior limit
and is the characteristic sign of an orbital wall fracture.

[reatment is indicated if there is inferior orbital nerve
compression or a cosmetically unacceptable deformity.
Reduction is usually accomplished via a temporal
approach, sliding an elevator under the root of the
zygoma, deep to the temporalis fascia.

BLOW-OUT FRACTURES OF THE ORBIT

A direct frontal blow to the orbit from an object about the
size of a squash ball (3—4 cm) may act like a plunger,
causing a ‘blow-out’ fracture of the orbital wall without
damaging the orbital margin. The blow-out most
commonly involves the floor of the orbit where the bony
walls are thinnest. This causes herniation of peribulbar
fat into the maxillary antrum and disrupts the function
of the extraocular muscles, causing diplopia and restricted
upward gaze (see Figs. 9.13 and 9.14). Hence it is
important to test eye movements in any patient with a
facial injury. Diagnosis is suggested by finding an antral
opacity (haematoma) on occipito-mental X-ray, but C1
scanning of the orbit is required if the bony defect needs
to be demonstrated. Treatment involves exploring the
orbital floor and may require a bone graft or silicone
implant.

INJURIES TO THE TEETH

Fractures and avulsions of the anterior teeth are common
and may require immediate treatment in the accident
and emergency department. Correct first-aid treatment
may preserve teeth which would otherwise be lost.
Fractures involving the loss of more than one-third of
the crown should be seen urgently by a dental surgeon
as the dental pulp may be exposed or endangered.

Partially avulsed teeth need to be pushed back into
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Fig. 9.13 Blow-out fracture of orbital floor

(a) This young man was punched in the left eye, causing a blow-out fr

to trapping of the extraocular muscles in the fractured orbital floor

Head and maxillofacial injuries

Fig. 9.12 Depressed zygomatic fractures
(a) submento-vertical projection of a 43-
punched on the left cheek showing a depressed fracture of the
zygomatic arch (arrowed), (b) 30° occipito-mental radiograph after a
similar injury in a different patient. This patient had a depressed
‘tripod’ fracture of the zygoma manifest by discontinuity of the lower
orbital margin (arrowed). Note that since the roof of the maxilla is
involved, the maxillary sinus (the antrum) has typically filled with
blood and is rendered radiopaque. (c) 3-D reconstruction of CT scans
showing a severely depre

maxilla and zygomatic body (arrc

ear-old man who had been

ed fracture of

ght lower orbital rim

), The left lower orbital

tured and displac

scture of the orbital floor. (b) Note failure of upward gaze on the left due
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position. This can usually be done with the fingers after
local anaesthetic infiltration. Urgent dental referral for
tooth splintage and root canal treatment is then required.

If a tooth is completely avulsed, it can often be
successfully reimplanted by a dentist if the tooth has
been carefully cleaned and wrapped in a sterile, saline-

soaked swab. Discovering missing or broken teeth in an
unconscious patient should alert the examining doctor to
the possibility of inhalation of tooth material into the
bronchi or impaction in the lips or pharynx. Chest X-ray
and examination of the perioral soft tissues should be
performed in these cases.

Fig. 9.14 X-ray appearance of blow-out fracture of
orbital floor

This 30-year-old man was hit on the right eye by a squash ball,
causing a blow-out fracture of the orbital floor by hydraulic pressure
Orbital fat and extraocular muscles have been forced into the
maxillary antrum and held there by the fractured bone edges. This
causes the characteristic *hanging drop’ sign D. Upward gaze is
restricted, resulting in vertical diplopia
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INTRODUCTION

Abdominal and thoracic injuries co-exist fairly often and
it is logical to think in terms of torso trauma, as both
penetrating and closed (blunt) injuries can affect both
cavities. Major injuries to the torso are a common cause

Chest injuries 14&

of death at the scene of the trauma—for example, from
rupture of the thoracic aorta, cardiac injury or massive
liver injury. However, rapid treatment may save lives in
these potentially fatal injuries.

Abdominal injuries are uncommon compared with head
and chest injuries and mortality is low if they are
managed promptly and appropriately. When death
occurs, the principal causes are unrecognised injury or
uncontrollable bleeding from bursting injuries of the
liver or spleen or from major arteries after penetrating
injury, particularly gunshot wounds. In blunt injuries,
making the diagnosis can be difficult because overt signs
of bleeding or perforation of a hollow viscus may not
develop until several hours after the injury.

Suspected intra-abdominal injury can be confirmed
by diagnostic peritoneal lavage (DPL). This involves
instillation of 0.5-1 L normal saline into the abdominal
cavity via a peritoneal dialysis catheter which is then
allowed to run out. Staining with blood indicates intra-
abdominal injury although a negative result does not
exclude serious injury.

[t is important to remember that areas of the abdomen
other than the main peritoneal cavity may be injured;
pelvic viscera lie within a bony cage but extend low
enough to be injured by wounds in the buttock or
preineum. Similarly, the retroperitoneal viscera appear to
be protected, but are vulnerable to flank or back wounds,
or to deep anterior stab wounds and any gunshot wounds.
This area is not easily palpated; peritoneal lavage is
likely to be negative and may give false reassurance.

Overall, 20% of patients with closed abdominal trauma
require operation, penetrating abdominal injuries even
more so; for example, 30% with stab wounds require

operation and close to 100% with gunshot wounds.

PENETRATING ABDOMINAL WOUNDS

STAB WOUNDS AND OTHER SHARP ABDOMINAL
WOUNDS

Stab wounds may or may not penetrate the peritoneum
and often cause little damage unless the blade penetrates
the retroperitoneal area and injures the great vessels or
pancreas. At one time, it was thought that all abdominal
stab wounds required surgical exploration but current
policy is towards more conservative management in most
cases. A large series from Baragwanath Hospital, Soweto,
South Africa, demonstrated that 70% or more patients
could safely be observed in hospital for 24 hours and
explored only if there were signs of deterioration. This is
because many bowel perforations seal spontaneously
without causing peritonitis, and bleeding from some
internal wounds also stops by normal haemostasis. The
haemodynamically unstable patient and those with
extensive or potentially contaminated penetrating wounds
must be explored without delay.

For most patients, the first step is to determine whether
the peritoneum has been breached by exploring the
wound under local anaesthesia. If it has, then peritoneal
lavage should be employed. If the peritoneum has not
been breached or lavage is negative (as in most cases),
conservative management is appropriate. However, about
one-third of those who later prove to have significant intra-
abdominal injury are free of signs initially, thus
emphasising the need for clinical reassessment al
frequent intervals.
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BULLET AND OTHER MISSILE INJURIES

The severity of injury depends on the path and the mass
of the missile and to a large extent on its velocity. Low-
velocity missile wounds (e.g. hand-gun bullets) cause
damage confined to the wound track, whereas high-
velocity (i.e. rifle) bullet wounds injure widely and
deeply. This is because the very much higher kinetic
energy is dissipated in the tissues. In addition, cavitation
is caused within the body and debris is sucked into the
wounds causing contamination with clothing and soil. If
the bullet hits bone, secondary missiles are created
causing further injury. The size of the entry wound is no
guide to the extent of injury because of the elastic recoil
of the skin. Because of the unpredictable extent of the
injuries, all gunshot wounds must be explored to check
for visceral organ, intestinal and vascular damage.
Buttock wounds should be treated in the same way as
abdominal wounds.

CLOSED ABDOMINAL INJURIES

Closed abdominal injuries usually result from road traffic
accidents, falls, contact injuries and accidents involving
horses. Following blunt injury, about 20% of patients will
require laparotomy. The spleen is the most vulnerable
organ, especially in left-sided injuries to the lower chest
or upper abdomen (see Fig. 10.1). Liver injury requires
greater impact, usually from the front or right side.
Pancreatic injuries are uncommon and usually result
from a massive central abdominal impact, transsecting
the pancreas across the vertebral bodies. The kidneys are
vulnerable to punches or kicks in the loins.

Bowel tends to be damaged by rapid deceleration or
crushing injuries, tearing in areas where freely mobile
bowel is attached to the retroperitoneum, e.g. each end
of the transverse colon, the duodeno-jejunal flexure, the
ileocaecal area. A full bladder, common after a bout of
heavy drinking, may rupture into the peritoneal cavity
after abdominal impact. The bladder and urethra are
also liable to be torn in association with displaced pelvic
fractures. The clinical features and investigation of closed
abdominal injuries are shown in Box 10.1.

PRINCIPLES OF MANAGEMENT OF CLOSED (BLUNT)
ABDOMINAL INJURIES

Urgent laparotomy

All patients with abdominal trauma should be admitted to
hospital and closely observed. Following blunt abdominal
trauma, immediate laparotomy is indicated after initial
resuscitation for cases with hypotension and evidence of
abdominal injury, continuing intra-abdominal haemor-
rhage, overt peritonitis and those with abdominal gun-

(a)

(b)

Fig. 10.1 Ruptured spleen

(a) This 67-year-old woman sustained fractures of the left lower ribs
in a fall. She was discharged from hospital the following day but
presented again 6 weeks later with abdominal swelling, tenderness
and anaemia, This ultrasound scan shows a large subcapsular splenic
haematoma (arrowed), which had presumably developed slowly over
the intervening period. The scan also shows intrasplenic haemorrhage
H. She rapidly recovered after splenectomy. (b) This operative
specimen comes from a 15-year-old girl who fell off her pony, which
then trod on the left side of her chest. She was admitted to hospital
with bruising over the lower ribs and tachycardia. At laparotomy, her
spleen was found to be split completely in half, necessitating removal

shot wounds. Less urgent laparotomy may be required
after investigation or observation. Indications include
positive DPL, signs of gastrointestinal perforation (e.g.
free gas on abdominal X-ray, developing signs of
peritonitis) and specific visceral injuries not amenable to
conservative treatment, e.g. splenic rupture.

Diagnostic procedures

Diagnostic procedures are needed if early laparotomy is
not indicated but the accident is judged to have been one
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KEY POINTS Chay
Box 10.1 Clinical features of closed abdominal injury that suggest visceral injury 1 '
1. History

® Substantial trauma to the abdomen or lower chest

® Seat belt not worn in road traffic accident

@ Abdominal pain after trauma

® Haematuria particularly following trauma to the back or loin

2. Physical signs

® Skin bruising immediately after injury—suggests impact of sufficient force to cause internal damage

@ Imprinting of cloth pattern on skin (cloth printing)—caused by compression of skin against vertebral bodies;
implies a high energy transfer impact

® Unexplained hypotension—suggests concealed haemorrhage into the abdominal cavity or elsewhere

® Abdominal distension, i.e. increasing abdominal girth—from accumulating blood, urine or gas in the peritoneal
cavity

@ Increasing abdominal tenderness, guarding and rigidity (difficult to assess in the presence of abdominal wall
bruising)}—may indicate intestinal perforation or intra-abdominal bleeding

® Lateral lower rib fractures—may be associated with injury to spleen, liver or kidney

® Pelvic fractures, especially ‘butterfly’ fractures of all four pubic rami—often associated with bladder or urethral
injury (especially in males) and pelvic vein injury

@ |Inability to pass urine and the findings of blood at the urethral meatus and/or perineal bruising—imply rupture of
the urethra, usually at the pelvic diaphragm, i.e. post-membranous urethra (urethral catheterisation must not be
performed); rectal examination may reveal a "high-riding’ prostate

® Damage to the anus or rectum may be palpable on rectal examination, the presence of blood suggesting ano-
rectal injury. If anal sphincter tone is low, this suggests neurological damage from a spinal injury

3. Investigation
@ Plasma amylase level should be checked and, if raised, pancreatic injury investigated by CT scanning
® Chest and plain abdominal X-rays (supine and erect or lateral decubitus views) may show free intraperitoneal or
retroperitoneal gas, rib or pelvic fractures associated with specific visceral injuries and radiopaque missiles such as
bullets, shotgun pellets and glass
' @ Peritoneal lavage—blood-staining indicates intra-abdominal injury but a negative result does not exclude serious
injury
® Ultrasound and CT scanning—particularly useful in investigating solid organs, i.e. spleen (see Fig. 10.1), liver,
kidneys, pancreas. Intravenous contrast CT useful for large vessel injuries
® Intravenous urography/cystography—investigation of haematuria
Urethrography—investigation of suspected urethral rupture
@ Laparoscopy—increasingly important in investigation of closed abdominal trauma in stable patients. Can be
performed under local anaesthesia

of high-energy transfer and the abdominal signs are
equivocal. Investigation is also necessary where there is
suspicion of an intra-abdominal injury in the following
groups of patients:

® Those with impaired consciousness

® Those with thoracic, pelvic or abdominal wall injuries

@ Those who are to be transferred to other units, e.g. by
helicopter

® Where prolonged investigation or treatment of non-
abdominal injury is needed

Diagnostic peritoneal lavage (DPL)

Diagnostic peritoneal lavage is often the first investi-
gation. Its greatest use is in unstable polytrauma victims
to confirm intra-abdominal haemorrhage; this helps
determine management priorities. The test has a high
sensitivity (99%) and a low false positive rate; it is best
performed by mini-laparotomy under local anaesthesia
using a small subumbilical incision similar to Hasson's
open technique of access for laparoscopy. Patients with a
positive result are explored by laparotomy or perhaps

laparoscopically.
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CT scanning

If DPL is equivocal, CT scanning should be performed to
investigate the retroperitoneum for solid organ injury as
well as for free fluid. The examination can often identify
the source of haemorrhage in solid organ injuries and
may allow conservative management of certain liver
injuries. CT is also valuable for defining the extent and
configuration of complex pelvic fractures. The investi-
gation should also be performed in stable patients with
abnormal abdominal signs or where signs appear later.

Ultrasound

Ultrasound can demonstrate free intraperitoneal fluid
and the location and extent of solid organ haematomas.
In pregnant patients it avoids the use of ionising
radiation. However, even in expert hands ultrasound
misses substantial injuries in about 10% of cases.

Clinical observation

If surgical intervention is not judged necessary, nursing
observations such as pulse and blood pressure are made
at regular intervals and the patient re-examined frequently
by a doctor for developing signs of peritonitis or intra-
abdominal bleeding. Measurements of abdominal girth
are unreliable and may give a false sense of security while
the patient exsanguinates; the test is to be condemned.
Significant injuries will almost always become manifest
within 24 hours.

INJURIES TO SOLID ORGANS

Splenic rupture is treated by urgent laparotomy and
splenic repair or splenectomy. In contrast, isolated liver
injury may be treated by surgical repair or local
resection if the injury is small but is often best treated
conservatively, particularly when there is major injury.
This is because surgery may be incapable of controlling
bleeding from hepatic vessels deep within its substance,
particularly the hepatic veins that enter the inferior vena
cava directly. For conservative management, large-volume
blood transfusions are given until abdominal tamponade
stops the bleeding. If a major liver injury is encountered
at surgical exploration of the abdomen and haemorrhage
cannot be arrested, it should be packed with gauze and
the abdomen closed. The packs can usually be removed
safely about 48 hours later.

Pancreatic transsection is treated by surgically re-
moving the distal half and oversewing the stump. A
crushing pancreatic injury may have to be treated with
drainage alone

Renal injuries are usually managed conservatively
unless nephrectomy is required for uncontrollable bleeding,

BOWEL INJURIES

Injuries to the small bowel are dealt with by simple suture
or by resection and reanastomosis if the mesenteric
vascular supply is impaired. Conventional treatment for
large bowel injuries on the right side is resection and
anastomosis to small bowel. Localised injuries to the rest
of the colon without substantial intra-abdominal faecal
contamination can usually be resected and joined end-to-
end. After knife or gunshot wounds, simple repair gives
good results provided there is minimal peritoneal con-
tamination. Extensive injuries with contamination require
exteriorisation of the damaged ends, the proximal end
as a colostomy and the distal end as a mucous fistula
(see Ch. 20, p. 274).

High-velocity penetrating injuries wreak havoc upon
the gut, causing extensive devascularisation and multiple
perforations; all necrotic or ischaemic tissue must be
excised. The immediate dangers are peritonitis and sepsis
syndrome from gross contamination. Exteriorisation of
viable bowel ends is mandatory for this type of injury.

LOWER URINARY TRACT INJURIES

Intraperitoneal rupture of the bladder is treated by
laparotomy and suturing of the bladder with a urethral
catheter left in situ for about 1 week until the defect
is healed. Extraperitoneal bladder rupture is treated
conservatively with prolonged urethral or suprapubic
catheterisation. Urethral tears require specialist urological
management. If the urethral wall is partly intact (as shown
on urethrography), it can be treated by catheterisation
(usually suprapubic). Complete urethral avulsion injuries
are usually treated by suprapubic catheterisation, with
formal repair after local inflammation has settled
Formerly, attempts used to be made to ‘rail-road’ a
catheter through the disrupted urethra at operation, by
passing instruments down the urethra from the bladder
and up the urethra from below. This treatment is no
longer in vogue

GENERAL PRINCIPLES

Chest injuries are a common cause of death in patients

with multiple injuries, although the death rate has fallen

dramatically in countries where the wearing of seat belts
is compulsory. Seat belts, however, often cause typical
sash pattern bruising obliquely across the chest and
minor rib and sternal fractures (Fig. 10.2).




| Abdominal and chest injuries «<

Serious chest injuries, particularly tearing injuries of the Chap
mediastinal contents, e.g. aorta, bronchi and oesophagus,
may be present even without evidence of external injury.
Diagnosis of serious chest injuries goes hand in hand
with urgent resuscitative measures. Clinical signs may
provide clues to the nature of the injury but the various
diagnostic possibilities must all be considered or they may
be missed. Good-quality chest X-rays are mandatory and
will usually clinch the diagnosis (see Fig. 10.3).

The types of chest injury, their clinical features and
their treatment are summarised in Table 10.1. The main
mechanisms of chest injury are penetrating trauma,
blunt impact and crush injuries, deceleration injuries and
rupture of the diaphragm by abdominal compression.
Fewer than 10% of chest injuries require thoracic surgery
but early recognition may be life-saving,.

TECHNIQUE OF INSERTING A CHEST DRAIN

Following trauma chest drains are usually placed in the
fourth or fifth intercostal space in the mid-axillary line.
: The technique is shown in Figures 24.4 and 24.5, p. 331.

ttern of seatbelt br

2 ND major 1

s life

(a)

: Fig. 10.3 Serious chest injuries

| (a) A 20-year-old driver of a car involved in a head-on road traffic acaident. He was not wearing a seat belt and his chest hit the steering wheel

! with great force. The chest X-ray shows multiple rib fractures F on the left side, associated with a flail segment which moved paradoxically on
breathing. A left pneumothorax P is also shown, with the lung border dearly visible (arrowed). Mediastinal shift towards the right strongly

| suggests a tension pneumothorax; the lung would not be expected to collapse completely because of extensive contusion. Lung contusion on

- both sides is manifest by the patchy shadowing. There is also a pneumomediastinum with air A tracking from ruptured alvecli alongside the

| alrways to the mediastinum and thence into the soft tissues of the neck causing surgical emphysema, (b) This chest X-ray was taken following a
crushing central chest injury. The patient appeared relatively unaffected, but the X-ray shows that the aortic knuckle has a double shadow A and 147
is wider than normal. CT scanning confirmed a ruptured aortic arch, the blood being contained only by a thin layer of adventitia
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Section Table 10.1 Types of chest injury and their management
2 Natural of the injury Clinical features Treatment
Rib fractures ( Py
Flail chest, i e. multiple rib fractures paradoxical’
(] a mobile segment it on inspiration
Pneumothorax, |.e. air in pleural cavity Unilateral signs ch wvement and Intercostal drain with underwater sea
causing lung coll bre sounds, percussion note resonant;
sometimes chest wall emphysema,
confirm y chest X-ray
Sucking chest wound, i e. open Gross respiratory embarrassment, audible Sealing of chest wound with impermeable

pneumothorax with mediastinum “flapping’ sucking of air through chest wound dressing; intercostal drainage
from side 1o side with each respiration

Tension pneumothorax, i.e. expanding Signs of pneumotharax with Urgent chest drainage
pneumothorax causing progressive disproportionate and increasing respiratory
mediastinal shift to the opposite side and distress and hypoxaemia

tracheal deviation

Lung contusion Deteriorating respiratory function: Oxygenation, physiotherapy, mechanica

of affezted lung field on chest ventilation ir e Cases

Rupture of bronchus (uncomm

surgeon

Rupture of oesophagus (very rare)

Haemothorax, 1.€. blood in the pleural

from a chest wall injury,

cavity usually

space in mid-axilary

usual cause is a ruptured intercos line), blood transfusion, thoracotomy if

internal mammary artery excessive bleeding
Cardiac tamponade, | e. bleeding into Hypotension, inaudible heart sounds, Long needle aspiration via epigastric
pericardial cavity (usually penetrating distended neck veins with systolic waves, approach; operation If tamponade recurs

Lrauma) enlarged, rounded heart shadow on chest
X-ray; confirmed with ultrasound

Cardiac contusion May have arrhythmia or ECG changes Conservative management

similar to myocardial infarction

murmur o Urg

Rupture of aorta (usually results fro thoracotomy and Dacron graft

ation injury}—tatal unles

m develops in mediastir

Rupture of diaphragm,

ft diant m with

penetrating or abdominal cri
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symptoms

Non-acute abdominal pain
and other abdominal

Pain 151 Change in bowel habit, rectal bleeding and Obstructive jaundice 161
Dysphagia 155 related symptoms 156 Abdominal mass or distension 168
Weight loss, anorexia and assoclated Anal and perianal svmptoms 159

symptoms 156 Iron deficiency anaemia 160

INTRODUCTION

The diagnosis and management of abdominal complaints
is an important part of the workload of a general surgical
outpatient clinic. The proportion of abdominal problems
varies from one clinic to another depending on the
availability of a medical gastroenterology service and
specialist gastroenterological surgical services. Most
patients with abdominal complaints are investigated and
treated as outpatients and only a proportion eventually
need hospital admission or operation.

The diagnoses made in patients seen in a surgical
clinic are quite different from those in emergency surgical
admissions to hospital. Nevertheless, the surgeon in the
clinic must remain alert to unfamiliar presentations of
common conditions which usually present acutely, e.g
an appendix mass.

lhe principal presenting symptoms of non-acute
abdominal disorders are abdominal pain, difficulty in
swallowing (dysphagia), loss of appetite (anorexia),
weight loss, nausea and intermittent vomiting, changes

SUMMARY
Box 11.1 Main presenting features of non-acute
abdominal disorders
Abdominal pain
Difficulty in swallowing (dysphagia)
Weight loss, anorexia and associated symptoms
Change in bowel habit, including rectal bleeding
Anal and perianal symptoms
Iron deficiency anaemia
Obstructive jaundice
Abdominal mass or distension

in bowel habit and anal or perianal symptoms, including
rectal bleeding. In addition, patients are often referred
to a surgeon after discovery of an abdominal mass,
obstructive jaundice or an iron deficiency anaemia
caused by chronic blood loss. The history can provide
70% or more of the clues to the diagnosis and so must be
taken accurately and with great care.

The main presenting features of non-acute abdominal
disorders are summarised in Box 11.1.

PAIN
CHARACTER, TIMING AND SITE OF THE PAIN

Pain is described by patients in many different ways,
although each pathological entity tends to have its own
pain characteristics. The pattern will only come to light
if a thorough history is compiled. Pain is, however, a
highly subjective phenomenon and the history will be
coloured by the patient’s own perception of the pain and
its possible significance. Patients often use vague terms
such as ‘indigestion” and ‘dyspepsia’ to describe upper
abdominal pain or discomfort associated with food. These
terms should have little place in medical terminology,
and what the patient actually means should be clarified
by further questioning,.

The time-related features of the pain are highly
significant in working towards a differential diagnosis
and may only be elicited by diligent enquiry. It is
important to establish when a pain first began, how
frequently it occurs (minutes, hours, days, weeks or even
constantly), and whether the frequency and severity
vary. The key points to be covered in taking a history of

abdominal pain are summarised in Box 11.2.

un
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KEY POINTS
Box 11.2 Assessing abdominal pain from the history

Location of pain

® Where did the pain start and where is it now,
e.g. central, epigastric, right or left subcostal
(hypochondrial), in right or left iliac fossa,
suprapubic, 'lower abdominal’, or loin pain?

@ Is pain well or poorly localised (i.e. is parietal
peritoneum with its somatic innervation involved)?

@ |Is there any radiation of the pain?

Severity and character of pain

® e.g. Discomfort, moderate or severe pain?

® What descriptive words are used by the patient:
‘sharp’, ‘blunt’, 'burning’, ‘crushing’, ‘deep’,
‘gnawing’, ‘boring’, 'bloating’, 'knife-like’, 'stabbing'?

® How much does the pain interfere with normal living?

@® |s the pain physiological (e.g. pre-defaecation colic
or dysmenorrhoea) or pathological?

® Are there any changes in the character of the pain
during the attack?

Variation of pain severity with time

® e.g. Constant, intermittent or episodic, 'colicky’ (i.e.
coming in severe cramp-like waves), background
pain with exacerbations?

Overall duration of pain
® i.e. When did the pain really begin?

Periodicity

® e.g. Weekly, monthly, hourly?

@ Daytime or night-time?

® Any periods free from pain?

® Any previous similar episodes or attacks?

Exacerbating and relieving factors
@® e.g. Improved or made worse by food, posture or
drugs?

Table 11.1 Anatomical significance of the site of
abdominal pain

Site of pain Clinical significance

Right upper quadrant Biliary tract, liver

Epigastrium

Left upper quadrant Rarely direct
structures,
stomach

Central Midgut structures, i.e. small and
large bowel or pancreas (deep pain
radiating to the back)

Right iliac fossa Caecum and appendix (when
parietal peritoneum is invalved),
ovary, right kidney and ureter,
mesenteric adenitis

Suprapubic area Bladder, uterus and adne

Left iliac fossa Sigmoid ¢ eft kidney and
u ar

Loins

DISEASES CAUSING NON-ACUTE ABEDOMINAL PAIN

The following conditions cause non-acute abdominal
pain. Each has certain characteristic features:

@ Gallstones and gall bladder dysfunction. Biliary
colic presents with irregularly recurrent bouts of
severe pain, lasting 1-12 hours. Some episodes are
more severe and prolonged than others and often a
particularly severe bout brings the patient into
hospital. The pain is usually located in the upper

abdomen—often on the right side, less often in the
Associated symptoms epigastrium—and may radiate to the back on the
® e.g. Vomiting, change in bowel habit right. It is often precipitated by rich or fatty foods and
may be associated with vomiting late in the attack
® Peptic ulcer disease. This is typically associated with
intermittent ‘boring’ epigastric pain which recurs

I'he site of origin of the pain, particularly the site several times a year and lasts for days or weeks at a
at which it first manifested, suggests the anatomical time; it is not as severe as biliary colic unless there is
structures most likely to be involved. These are shown in perforation, which usually presents acutely.

Table 11.1. The distribution and radiation of the pain Retrosternal ‘burning’ occurs in peptic oesophagitis
provide further clues. Pain that extends through to the and tends to occur after large meals and on lying
back suggests involvement of retroperitoneal structures, down. The association of pain with food varies

e.g. pancreas (carcinoma or chronic pancreatitis) or according to the site of the disease; duodenal ulcer
abdominal aorta (aneurysm). Gall bladder pain tends to pain tends to be relieved by bland food and recurs
radiate from the right hypochondrium around to the 3—4 hours afterwards, typically in the early hours of
back on the right side. Renal pain tends to radiate from the morning, whereas the pain of gastric ulcer and
the loin down towards the groin and occasionally to the oesophagilis tends to be aggravated by food, especially
genitalia, if acidic or spicy. Peptic pain is generally relieved by
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antacids and virtually always by H,-blocking drugs
(e.g. ranitidine) or proton pump inhibitors (e.g.

omeprazole)

® Chronic pancreatitis and carcinoma of pancreas.

These are typically associated with severe ‘gnawing’,
persistent, poorly localised central pain which usually
radiates through to the back and is often associated
with anorexia and weight loss. The pain may be
relieved by leaning forwards (“pancreatic position”).
Early carcinoma of the pancreas, however, is often
painless

® Irritable bowel syndrome, constipation, diverticular

disease and Crohn'’s disease. These conditions may
all produce a chronic symptom complex mimicking a
partial obstruction of the bowel manifest by episodes
of colicky pain, This is poorly localised, often
‘bloating’ pain, particularly post-prandially (after
meals). It is of variable intensity and is often
associated with transient disturbances of bowel
function, particularly alternating diarrhoea and
constipation. Passage of flatus or stool often
temporarily relieves the symptoms

® Chronic renal outflow obstruction (hydronephrosis)

caused by stone, tumour or fibrosis. There is ‘dull’,
poorly defined, fairly constant loin pain which may
be accompanied by typical urinary tract symptoms,
e.g. haematuria and dysuria. It is often aggravated
acutely by a high fluid intake

® Gynaecological conditions, particularly chronic

pelvic inflammatory disease and ovarian tumours.
These may reach the surgeon because of poorly
defined lower abdominal pain. A gynaecological
history should be taken in female patients; pelvic
examination may reveal the cause

® Non-surgical (i.e, ‘medical’) disorders causing

abdominal pain. These include liver congestion in
heart failure (common), splenic infarcts or diabetes
(both uncommon but important), acute intermittent
porphyria, sickle-cell anaemia or tertiary syphilis
(very rare). Patients sometimes present with
abdominal pain for which no organic cause can be
found despite extensive investigation. In these,
irritable bowel syndrome or sensitivity to certain
foods, e.g. gluten, need to be considered. Only as a
last resort should the pain be attributed to
psychological disturbance and only then if diagnostic
psychological features are present. Unnecessary
operations may be performed on these patients
(Munchausen syndrome)

Note that non-acute abdominal pain in children is
uncommon; the main organic causes are constipation,
irritable bowel syndrome and sometimes hydronephrosis.

The so-called ‘periodic syndrome’ is characterised by

recurrent episodes of poorly defined and inconsistent

Non-acute abdominal pain and other abdominal symptoms

Fig. 11.1 Erythema ab igne

This woman of 45 had experienced chronic pain in the right loin area
and had obtained some relief from regularly applying a hot water
bottle to the area. This has resulted in typical skin damage

abdominal pain, sufficiently severe for the child to avoid
school. There are no other consistent features; psycho-
logical and environmental factors are the usual under-
lying causes (see Ch. 44).

APPROACH TO INVESTIGATION OF NON-ACUTE
ABDOMINAL PAIN

A differential diagnosis must first be made on clinical
grounds. The choice (and order) of the numerous possible
investigations should be efficient and economical, after
considering how each one will support or help eliminate
the most probable (and common) diagnoses and influence
the management. Rarer diagnoses usually need further
investigation.

The following example shows the diagnostic pathway
in a patient presenting with chronic epigastric pain:

l. Once the main complaint has been stated, a
preliminary differential diagnosis forms in the
clinician’s mind even before a detailed history is
completed. Acid-peptic disorders of oesophagus,
stomach or duodenum (ulcers or ‘non-ulcer
dyspepsia’) or alternatively, gall bladder disease are
statistically the most likely. Irritable bowel syndrome
and angina pectoris are less likely

2. A detailed history and direct questioning strengthen
the possibility of certain diagnoses and diminish the
likelihood of others; rarer conditions such as chronic
pancreatitis might now enter the differential diagnosis

w

Physical examination may add further weight to one

diagnosis over another. The clinician will particularly
be seeking signs of anaemia, jaundice, tenderness or a
mass (see Box 11.3)
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4.

J

KEY POINTS

Box 11.3 21 points to remember in examining a patient with abdominal symptoms

General examination
Well-looking or ill (thin, emaciated, weak)?

Dehydrated (poor skin tone, sunken cheeks)?
Abnormal colour (pale, jaundiced, grey)
Signs of surgical wounds/dressings

. LR A R R

of analgesia)

Abdominal inspection

Alert and responding normally or obtunded and slumped?

‘Medical accessories’—i.v. infusion, urinary catheter, parenteral nutrition, monitoring apparatus, oxygen
End-of-bed charts—fever, tachycardia, fluid balance, trauma chart, pain chart, drug chart (e.g. strength and frequency

1. Position the patient correctly (comfortable, near-flat, arms by sides) and expose the whole abdominal field ("nipples

to knees' but not all at once)
. Distended or scaphoid (sunken) abdominal shape
. Wounds and scars

. Herniation (including usual sites or incisional hernias)

N o b W

Abdominal palpation

Do not hurt the patient; watch the face for signs of discomfort

1. Gentle overall palpation for obvious abnormalities

. Bruising—umbilical or flank in acute pancreatitis; cloth printing (trauma cases)

Redness or other signs of infection, erythema ab igne (see Fig. 11.1)
. Jaundice and scratch marks resulting from pruritus (itching)

2. Detailed examination of abnormal masses found—relationship to abdominal wall, size, shape, position, mobility,
texture, hardness, fixation posteriorly or anteriorly, tenderness. Likely site or organ of origin?
3. Specific organ palpation—press in first, then ask the patient to breathe in deeply; gradually relax your pressure and
seek the descending lower edge of the organ; repeat at 3 cm intervals moving upwards:
® Liver—start as low as it might have reached, e.g. right iliac fossa, and work upwards. Percuss for upper border to
gauge liver size. If large, palpate surface for irregularities, e.g. metastases
® Spleen—tilt patient slightly towards right side, place left hand behind lower left ribs and gently lift. Start as low as
enlargement might have reached, e.g. right iliac fossa, and palpate as for liver. Seek notch in lower edge. Percuss

for resonant band of overlying colon

® Kidneys—as for liver plus bimanual palpation. Place left hand in loin and attempt to push enlarged organ on to

examining hand anteriorly
Examination for ascites (see Fig. 11.12)

Rectal and/or vaginal examination if appropriate
Percussion and auscultation if appropriate

Nowa

A narrower and weighted set of diagnostic probabilities
will by now have evolved and will form the basis for
planning special investigations

If the most likely diagnosis is acid-peptic disorder,
gastroscopy (oesophagogastroduodenoscopy, or
OGD) will be considered, although if the symptoms
are mild, a diagnostic trial of antacid therapy might
be more appropriate. A full blood count is performed
if anaemia is suspected and specimens of faeces tested
for occult blood. If biliary tract disease seems most
likely, ultrasound of the biliary tree, liver and
pancreas is performed. The kidneys and aorta are
usually examined by ultrasound at the same time

Hernial orifices—inguinal and femoral for cough impulse; reducibility (see Ch. 25, p. 339)

6. By this stage, investigation will usually have

confirmed or eliminated the most likely diagnoses. If
no diagnosis has been confirmed, alternative
diagnoses are considered, usually at a subsequent
visit, by further history-taking and examination.
Symptoms and physical signs may have persisted
unchanged, they may have changed or they may even
have resolved completely during the period of
investigation. Changed symptoms may suggest new
diagnostic possibilities and new lines of investigation.
[f the symptoms have decreased, a less serious
disorder such as irritable bowel syndrome might

become the working diagnosis and a trial of treatment




initiated. Further investigation will depend on the
patient’s response to treatment or to reassurance.
Often cross-sectional imaging (computed tomography
or magnetic resonance imaging) is indicated,
particularly in older patients, where organic disease is
likely but symptoms and signs are not diagnostic

DYSPHAGIA
CLINICAL PRESENTATION

Dysphagia is the term used to describe difficulty in
swallowing. The most common symptom is inability to
swallow solid food, which the patient will describe as
‘becoming stuck” or ‘held up’ before it either passes on
into the stomach or is regurgitated. The patient usually
reports that particular types of food are more difficult
than others; fibrous foods, such as chunks of meat,
usually cause the most trouble. The patient can usually
indicate a precise level for the perceived obstruction. The
true level of obstruction is usually some distance below
that point.

Dysphagia is almost always caused by disease in or
adjacent to the oesophagus but occasionally the lesion
is in the pharynx or stomach. Oesophageal narrowing
usually causes symptoms only when the lumen is unable
to expand beyond a diameter of about 10 mm—the
narrower the lumen, the more severe the symptoms. In
many of the pathological conditions causing dysphagia,
the lumen becomes progressively constricted and
indistensible. Initially only fibrous solids cause difficulty
but later the problem extends to all solids and later, even
to fluids. Because narrowing is a gradual and insidious
process, patients often compensate to a surprising degree
(e.g. by liquidising all food) and may only present when
they have difficulty in swallowing fluids or even their
own saliva. By this time there is usually marked weight
I\}?“.“.

e common causes of dysphagia are outlined in Box
I1.4. Pain on swallowing (usually provoked by both food
and drink, particularly if hot) is a distinctive symptom
which is highly suspicious of carcinoma.

Achalasia is a major exception to the usual pattern of
dysphagia in that swallowing of fluids tends to cause
more difficulty than swallowing solids. In achalasia.
there is idiopathic destruction of the parasympathetic
ganglia in Auerbach’s (submucosal) plexus of the entire
oesophagus, which results in functional narrowing of
the lower oesophagus and peristaltic failure throughout
its length. Thus the oesophagus becomes markedly
distended and dilated, with solids settling towards the
lower end and fluids spilling over into the airways causing
spluttering dysphagia. This overspill and consequent
symptoms tend to occur when the patient is lying flat

at night. Achalasia often presents with chronic chest

Non-acute abdominal pain and other abdominal symptoms

infection rather than dysphagia and the diagnosis is often
reached late. Similar symptoms of overspill into the
airways can be provoked by bulbar palsy, most commonly
provoked by a stroke.

Bolus obstruction is an acute form of dysphagia, where
a lump of food sticks at a narrowed part, completely
obstructing the oesophagus.

APPROACH TO INVESTIGATION OF DYSPHAGIA

Dysphagia, particularly of recent onset, must be
regarded seriously and fully investigated. A plain chest
X-ray should be taken to exclude bronchial carcinoma;
occasionally an oesophageal fluid level behind the heart
is seen, resulting from an oesophageal stricture due to
hiatus hernia or achalasia. In high dysphagia, a barium
swallow and meal is usually the next investigation (OGD
risks perforating a pharyngeal pouch). In lower dysphagia,
flexible endoscopy (OGD) is usually performed. Both
OGD and contrast radiography are often required. If a
lesion has been demonstrated radiologically, endoscopy
allows direct inspection and biopsy to confirm (or change)
the diagnosis. In disorders of function, swallowing of

KEY POINTS

Box 11.4 Causes of dysphagia

Obstruction arising in the oesophageal wall

® Peptic oesophagitis (often associated with hiatus
hernia)—common (sometimes causes fibrous
stricture)

® Carcinoma of oesophagus or cardia (uppermost part)
of the stomach—common

® Candida oesophagitis particularly after major

surgery—uncommaon

Pharyngeal pouch—extremely rare

Oesophageal web (Plummer-Vinson/Paterson—Kelly

syndrome)—extremely rare

® 'Oesophageal apoplexy’ due to haematoma in the
wall—extremely rare

® Leiomyoma of the oesophageal muscle—extremely
rare

Disorders of neuromuscular function
® Achalasia—uncommon

® Bulbar or pseudobulbar palsy—rare
@ Myasthenia gravis—rare

External compression of the oesophagus

@ Subcarinal lymph node secondaries from carcinoma
of the bronchus—fairly common

@ Left atrial dilatation in mitral stenosis—rare

® Dysphagia lusoria (compression from abnormally
placed great arteries)—very rare

«
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barium-soaked bread or a video record of a barium
swallow may be helpful in reaching a diagnosis. Oeso-
phageal physiology measurements using manometry and
pH are important in reaching a diagnosis of achalasia,
especially in its early stages.

WEIGHT LOSS, ANOREXIA AND
ASSOCIATED SYMPTOMS

Marked weight loss (cachexia) and loss of appetite
(anorexia) are frequently manifestations of serious,
insidious, often malignant abdominal disorders. They
may be associated with a variety of other symptoms
such as malaise, bloating, nausea, sporadic vomiting and
regurgitation. These symptoms may have been unnoticed
or dismissed as trivial by the patient and are only
elicited by direct questioning,.

The diseases which cause these symptoms may be
grouped into four broad categories:

® Intra-abdominal malignancies, e.g. carcinoma of the
stomach or pancreas, metastatic disease in the liver or
widespread in the peritoneal cavity (arising
particularly from stomach, large bowel, ovary, breast
or bronchus), bowel lymphomas

® 'Medical’ conditions, e.g. alcoholism and cirrhosis,
viral diseases (e.g. hepatitis or infectious
mononucleosis), uncontrolled diabetes or
thyrotoxicosis, malabsorption, renal failure, cardiac
cachexia

@ Psychological disorders, e.g. anxiety, depression,
anorexia nervosa, bulimia

@ Chronic visceral ischaemia, a very uncommon
condition resulting from atherosclerotic narrowing of
at least two of the three main visceral arteries: the
coeliac axis, and the superior mesenteric and the
inferior mesenteric arteries

APPROACH TO INVESTIGATION OF WEIGHT LOSS,
ANOREXIA AND ASSOCIATED SYMPTOMS

In many patients, there may be other clinical clues to the
main diagnosis or which suggest a line of investigation,
e.g. pain, signs of anaemia or jaundice, or a palpable
abdominal or rectal mass. More difficult are those cases
where the symptoms occur alone. In this situation, basic
screening investigations (full blood count and erythrocyte
sedimentation rate, urea and electrolytes, liver function
tests and urinalysis) begin to differentiate ‘medical’
conditions from ‘surgical’ ones. If these screening tests
fail to produce a lead, abdominal imaging using ultra-
sound or CT scanning may be indicated to exclude liver

metastases or an occult intra-abdominal malignancy.

If investigations still reveal no cause, a psychological
cause should be seriously considered. Before such a
diagnosis can be accepted, there must be positive evidence
of psychiatric disturbance. In practice, by this stage,
previously concealed psychiatric features often become
apparent; except for anorexia nervosa or bulimia, these
are rare.

CHANGE IN BOWEL HABIT, RECTAL
BLEEDING AND RELATED SYMPTOMS

Normal bowel habit varies widely between different
individuals in both frequency of defaecation and
consistency of stool, For an individual, transient changes
in bowel habit are usually insignificant but persistent
change often leads to the patient seeking medical advice.
Departure from the norm may have several different
aspects, occurring in various combinations. The differ-
ential diagnosis of a change in bowel habit is summarised
in Box 11.5.

FREQUENCY OF DEFAECATION AND STOOL
CONSISTENCY

Chronic constipation or diarrhoea marks the extremes
of change, although some patients develop an erratic
pattern of bowel action. All may signify serious disease
and deserve investigation. The index of suspicion is
further raised if there is rectal bleeding or tenesmus (for
definition, see p. 160). Waking from sleep to evacuate the
bowels should be treated seriously, especially if it occurs
frequently.

SUMMARY
Box 11.5 Differential diagnosis of change in bowel
habit
@® Carcinoma of colon, rectum or anus
@ Diverticular disease
@ Irritable bowel syndrome
[
k3
k

Crohn's disease of small or large bowel

Ulcerative colitis

Drug effects, e.g. codeine phosphate, iron, laxative
abuse

Reduction in fibre content of diet

Parasitic infestations, e.g. giardiasis

Following acute bacterial or parasitic colitis
Changes in resident bacterial flora, e.g. antibiotic-
associated diarrhoea

® Malabsorption syndromes

@ Thyrotoxicosis

Note: in many cases, no cause is found, particularly with
isolated early morning diarrhoea




Stool consistency varies according to diet but the stool
is usually ‘formed’. Persistently unformed stools, i.e
‘looseness’, is only abnormal if it represents a change
from the patient’s usual habit.

Constipation
Constipation arises for four main reasons:

® Incomplete bowel obstruction, e.g. faecal impaction,
an obstructing carcinoma or stricture in the bowel
wall, or occasionally an extrinsic lesion such as
ovarian cancer

® [ oss of peristalsis, e.g. acutely due to drugs such as
narcotics, antidepressants or iron, chronic diverticular
disease, chronic laxative abuse

@ I[nadequate fibre intake or poor fluid intake, which
decrease faecal volume and prolong intestinal transit
time

® In bed-bound patients, multiple factors including
immobility, diet, inadequate fluid intake, drug effects

Diarrhoea

Chronic diarrhoea is most often caused by irritation or
inflammation of the small or large bowel. The inflam-
matory bowel diseases (ulcerative colitis and Crohn’s
disease) are important diagnoses. Chronic parasitic
infestations of the large bowel with amoebae or of the
small bowel with Giardia lamblia are easily overlooked. In
areas where these diseases are not endemic, patients may
give a history of foreign travel. Chronic diarrhoea may
follow an acute attack of Salmonella or other coliform
infection. Less commonly, a blind loop of small bowel
remaining after bypass surgery becomes colonised with
gut flora, causing changes in intraluminal metabolism
(blind loop syndrome). The most common diagnosis
in diarrhoea after intestinal infection is irritable bowel
syndrome.

Bile salts irritate the bowel. Therefore if the entero-
hepatic circulation is disrupted, e.g. after distal small
bowel resection, defective reabsorption of bile salts may
cause diarrhoea. A less common cause of diarrhoea is the
increased volume of bowel contents in various mal-
absorption syndromes. Finally, when no physical cause
can be found, concealed laxative abuse or an anxiety
state should be considered. Early morning diarrhoea on
its own rarely indicates serious disease.

Erratic bowel habit

Some patients develop an erratic bowel habit with bouts
of constipation interspersed with episodes of frequency
and looseness of stool. The most common cause is
irritable bowel syndrome, which can be attributed to a

Non-acute abdominal pain and other abdominal symptoms

heightened pain response in conjunction with a possible
over-production or change in production of normal
enteric gas. In particular the symptoms include a marked
gastrocolic reflex, i.e. a call to stool immediately after
eating. In diverticular disease, constipation and ‘rabbit-
pellet’ faeces are the dominant characteristics but there
may be episodic diarrhoea, often during periods of inflam-
mation. This may be caused by intermittent release of
proximal liquefied stool past the partially obstructed solid
faeces (spurious diarrhoea). Incomplete bowel obstruction
of this type may also occur in carcinoma of the left colon,
Crohn'’s disease or faecal impaction.

Patients treated with broad-spectrum antibiotics,
particularly the cephalosporins, may develop antibiotic-
associated diarrhoea (usually caused by Clostridium
difficile); the symptoms are due to changes in colonic
bacterial flora (see Ch. 49, p. 658).

CHANGES IN THE NATURE OF THE STOOL

Stools are normally brown owing to the presence of
urobilin, a breakdown product of bile. In biliary obstruc-
tion, bilirubin does not reach the gut and the stools become
pale. Stools in obvious jaundice are often described as
‘putty-coloured’.

Stools may also be pale when they contain excess fat
as in various malabsorption syndromes. In coeliac disease
(gluten enteropathy) the stool is often loose and offensive.
In fat malabsorption, the stools tend to float because of
the excessive fat content and the patient has difficulty
flushing them away. This is known as steatorrhoea.

Undigested food in the stool indicates failure of
digestion and absorption. This can be normal when the
diet is extremely high in fibre. It may, however, indicate
malabsorption or a ‘short-circuit’ in the bowel due to
previous bowel resection or a fistula between bowel
loops.

PRESENCE OF FRANK BLOOD, ALTERED BLOOD OR
MUCUS IN THE STOOL

Note: acute gastrointestinal haemorrhage is covered in
Chapter 12.

Frank rectal bleeding

When a patient has seen blood in the stool, a careful
history should be taken regarding the colour, i.e. fresh or
altered blood, and also the relationship of the blood to
the stool. Blood alone may be passed, or it may appear
before or after the stool. There may be blood mixed with
the stool or coating it. The only evidence may be blood-
staining of the stool after defaecation.

Bright red blood usually indicates a lesion in the

rectum or anus. When blood is clearly separate from the
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stool it suggests an anal lesion, most commonly haemor-
rhoids but occasionally proctitis or a carcinoma. If the
blood is on the surface of the stool it suggests a lesion
such as a polyp (see Fig. 11.2) or carcinoma further
proximally, either in the rectum or descending colon.
These observations have little diagnostic reliability. As a
general rule, rectal bleeding should be assumed to be
caused by tumour until proven otherwise!

When blood is mixed with the stool, it usually indi-
cates even more proximal disease. This is usually in the
left side of the colon or occasionally in the transverse
colon. Carcinoma or inflammatory ulceration is often the
cause, In such cases the blood, being ‘older’, is darker.

When the blood originates further proximally in the
gastrointestinal tract, e.g. peptic ulcer, it is so altered
by ‘digestion” that it may not be recognised as blood by
the patient. The stool is typically shiny black or plum-
coloured. In rapid bleeding from stomach or duodenum,
the stools become fluid and are described as “tarry’. This
is known as melaena and has a characteristic odour.
Patients on iron therapy have greenish-black, formed
stools which should not be mistaken for altered blood. In
this case, faecal occult blood testing should be negative.

Occult faecal blood loss

A persistent trickle of blood from the gastrointestinal tract
may not alter the appearance of the stool. This ‘occult’
blood may be detectable only in the laboratory. Despite
the small daily quantities involved, this hidden blood
loss can cause serious iron deficiency anaemia. This test
can be done either at the bedside or in the laboratory.

Rectal passage of mucus or pus

Mucus (‘slime’) or pus may be passed alone or with the
stool. Patients rarely volunteer this information but will
report it when asked. The most common cause is irritable
bowel syndrome. Villous adenomas typically secrete
copious mucus, but this may also occur with frank
carcinoma of the rectum. Mucus and pus may be noted
in the inflammatory bowel disorders and occasionally
in diverticular disease. An anal leak of mucus may be
a feature of haemorrhoids and causes itching (pruritus
ani). A patient sometimes reports passing a mass of
purulent material. This usually represents spontaneous
discharge of a perianal or pararectal abscess, and will
often have been preceded by anal or perineal pain.

TENESMUS

Tenesmus is an unpleasant sensation of incomplete

evacuation of the rectum. The sensation causes the
patient to attempt defaecation (often with straining) at

Fig. 11.2 Colonoscopic appearance of a polyp in the
sigmoid colon

This 2 cm polyp (arrowed) was found to be the cause of rectal

ng. It was easily removed v

notograpn was taken

frequent intervals. The most common cause is probably
irritable bowel syndrome. Another common cause is
an abnormal mass in the rectum or anal canal. This may
be a carcinoma, polyp or thrombosed haemorrhoid.
Occasionally a prostatic carcinoma invades around the
lower rectum producing tenesmus. In some cases, despite
extensive investigation, no organic cause is found for
tenesmus,

APPROACH TO INVESTIGATION OF CHANGE IN
BOWEL HABIT

The first step in investigation after rectal palpation is
sigmoidoscopy (rectoscopy). Rigid sigmoidoscopy permits
direct visual examination and biopsy of the mucosa up
to the rectosigmoid junction; the term sigmoidoscopy is
misleading in this case as it does not include the sigmoid
colon proper. Flexible sigmoidoscopy, on the other hand,
allows examination to the splenic flexure. The majority
of large bowel lesions responsible for altered bowel habit
occur in this region. In the case of chronic diarrhoea,
stool specimens should be examined for ova and para-
sites and cultured for Shigelln and Salmonella species.
Biopsies of the rectal wall should always be taken both
for histology (e.g. for Crohn’s disease) and for micro-
biological examination.




Further investigation is based on the differential
diagnosis assembled during clinical examination. Barium
enema X-ray, contrast CT scanning or colonoscopy is
indicated in the majority of cases. Note that in some
centres, low rectal lesions cannot be reliably demonstrated
on barium enema and preliminary sigmoidoscopy is
mandatory. If Crohn’s disease is suspected, barium
studies of the small bowel may also be required.

Flexible fibreoptic endoscopes of different lengths are
used to examine the colon above the rectosigmoid
junction. The shortest, the flexible sigmoidoscope, may
be employed with no preparation or following a simple
enema and can thus be used in the outpatient clinic. An
excellent view can be obtained as far as the splenic
flexure, allowing examination of the area in which over
50% of large bowel cancers occur. The longer instru-
ments, colonoscopes, require prior bowel clearance with
purgatives. In some centres, they tend to be reserved
for detailed inspection and biopsy of lesions already
demonstrated or suspected on barium enema. Since
colonoscopy is a time-consuming and rather uncomfort-
able procedure, patients usually require intravenous
sedation and analgesia, and occasionally general anaes-
thesia. Therefore colonoscopy is usually performed in
hospital or dedicated units as short-stay day cases.

ANAL AND PERIANAL SYMPTOMS

Anal symptoms generate a large number of surgical
outpatient referrals. Symptoms include bleeding and
discharge, pain and itching, local swelling and a sensation
of ‘something coming down’. They often cause distress
out of proportion to their pathological importance. The
most common diagnoses are haemorrhoids, anal fissures
and local abscesses, although the occasional infiltrating
anal carcinoma or low rectal carcinoma or polyp must
not be overlooked.

ANAL BLEEDING

This is an extremely common symptom. It is well
tolerated by patients who usually believe that ‘piles’
(haemorrhoids) are responsible. Patients often present
when the bleeding becomes excessive or when new and
different symptoms develop. The characteristic feature of
anal bleeding is fresh blood separate from the stool
which may only be seen ‘on the paper’. Fresh bleeding,
however, may arise from malignancy in the rectum,
sigmoid colon or anal canal and must be treated seriously.
In addition to digital examination and proctoscopy, all
patients require at least sigmoidoscopy; patients over
40 require colonoscopy, barium enema or contrast CT

examination to exclude large bowel cancer, whether or
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not a benign anal cause, such as haemorrhoids, has
already been found.

ANAL PAIN AND DISCOMFORT

The principal causes of chronic anal pain and discomfort
are haemorrhoids and anal fissure. Haemorrhoids usually
cause periodic anal discomfort and other anal symptoms
rather than severe pain. Anal carcinoma is usually pain-
less but may present with haemorrhoid-like pain. The
difference is obvious on rectal examination.

Severe perianal pain which follows each episode of
defaecation usually indicates a fissure in ano. This is a
longitudinal tear typically in the posterior anal mucosa
ending externally in a characteristic ‘sentinel pile’, a
small skin tag visible at the posterior anal margin. An
anal fissure is often initiated by a bout of unaccustomed
constipation. A perianal abscess may be responsible for
anal pain even before the abscess is clinically detectable;
the rare intersphincteric abscess may cause chronic pain
and elude detection for weeks.

An acute onset of anal pain may be caused by a
perianal haematoma, clearly visible at the anal margin,
by strangulated or thrombosed haemorrhoids or by a
perianal abscess.

Proctalgia fugax describes recurrent shooting pains in
the anal area. Investigations should be performed to find
local causes but in many cases no cause is found.

PERIANAL ITCHING AND IRRITATION

The most common cause of these symptoms is in-
adequate hygiene which results in local skin irritation.
This is often exacerbated by scratching or application of
various topical medications. The discharge associated
with haemorrhoids, fistulae or tumours tends to keep the
perianal skin moist, predisposing to low-grade fungal
and bacterial infections. The longer these symptoms
persist, the more difficult they are to eradicate and in
fastidious patients a ‘fixation” can develop. In children,
threadworm infestation is a common cause of perianal
itching; the itching is usually worse at night.

‘SOMETHING COMING DOWN'

Haemorrhoids, skin tags (‘memorials to past haemor-
rhoids’) and occasionally mucosal or rectal prolapse cause
this symptom. It is exacerbated by defaecation. Many
patients tolerate the condition for some time before
seeking medical advice and may have to push the lumps
back manually after defaecation, presenting only when
this becomes impossible. A pedunculated low rectal
polyp may occasionally come through the anus and be
confused with prolapsed haemorrhoids. Perianal warts
are occasionally mistaken for lumps arising from within
the anal canal.
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PERIANAL DISCHARGE

A perianal discharge results from leakage of pus, inflam-
matory exudate or mucus from the anus or anal area.
Pus may arise from a pilonidal sinus in the natal cleft or
from an anal fistula. Inflammatory exudate or excess
mucus may be produced by haemorrhoids, anorectal
mucosal inflammation (proctitis), a villous adenoma or
an ulcerating carcinoma.

APPROACH TO INVESTIGATION OF ANAL AND
PERIANAL SYMPTOMS

Proctoscopy is mandatory and should be conducted
after inspection and digital rectal examination. Further
examination follows the principles described earlier, but
usually includes al least a rigid sigmoidoscopy. If pain
makes these examinations impossible, a young patient
can usually be assumed to have a fissure. In an older
person, carcinoma of the anus must be excluded by
examination under anaesthesia. Haemorrhoids appear as
bulging bluish masses beneath the anal mucosa. They
all arise above the squamocolumnar junction or dentate
line (‘internal piles’) but may later extend beneath the
perianal skin (‘external piles’) or prolapse through the
anus (‘intero-external piles’).

A typical anal fistula appears as an inflammatory
‘nipple’ near the anal margin (see Fig. 11.3); it often

£

Fig. 11.3 Anal fistula

This man of 39 had presented with a perianal absc 3 months
previously that had been drained. He complained of tent
discharge which was found to be emanating fro fistulous opening
F within the drainage scar, This proved to be a low fistula on further
examination under anaesthesia.

exudes a discharge. A pilonidal sinus arises in the natal
cleft and usually presents as a swelling with one or
more associated sinuses, often with hairs protruding. In
proctitis, the rectal mucosa is granular and reddened
when seen on proctoscopy, and often bleeds to the touch
(friability). An anal or low rectal carcinoma is a discrete
ulcerated lesion with an indurated (firm, woody) base
and a thickened margin. Diagnosis is confirmed by
histological examination of a biopsy taken with special
forceps. Typically, the pain of an anal fissure precludes a
full examination.

The lymphatic drainage of the anal canal below the
dentate line is to the inguinal lymph nodes and these
should always be examined when a suspicious anal
lesion is found.

IRON DEFICIENCY ANAEMIA

A common reason for surgical referral is persistent
or severe anaemia believed to be caused by chronic
blood loss. The patient may have presented initially
with symptoms of chronic anaemia, namely lethargy,
generalised weakness, breathlessness or even angina.
Just as often, the anaemia has been recognised during
general physical examination or on a blood count.

Chronic anaemia has manv causes. Iron deficiency is
the commonest and is the only one with a cause likely to
need surgical treatment. In blood films, iron deficiency
anaemia is characterised by hypochromic, microcytic red
blood cells. Serum iron level is low and transferrin
elevated. Iron deficiency anaemia can be caused by
chronic low-grade blood loss (which is often occult),
inadequate dietary iron intake or absorption, or a
combination of both, In some patients, the pattern of iron
deficiency may be complicated by a coexisting anaemia
from another cause, particularly the ‘anaemia of chronic
illness’. For example, an elderly patient with rheumatoid
arthritis may have a chronic normochromic, normocytic
anaemia due to chronic disease, as well as an iron
deficiency anaemia caused by gastric bleeding provoked
by non-steroidal anti-inflammatory drugs.

APPROACH TO INVESTIGATION OF ANAEMIA
Investigation of a patient with suspected iron deficiency
anaemia has five main components:

® History
various tracts (see Box 11.6) and excluding inadequate

seeking sources of blood loss from the

dietary iron intake. Previous gastrectomy may cause
vitamin B, deficiency and also diminished acid
output, which may prevent adequate iron absorption
® Physical examination—seeking an abdominal mass,
an enlarged Virchow’s node in the left supraclavicular




KEY POINTS

Box 11.6 Conditions causing chronic occult blood
loss

Lesions in the gastrointestinal tract

Ulcerating tumours or polyps of the following (in
order of frequency): caecum, stomach, the rest of
the large bowel, and (rarely) connective tissue
tumours of small bowel, e.g. leiomyosarcoma
Chronic peptic ulceration, i.e. hiatus hernia with
reflux oesophagitis, gastric and duodenal ulcers or
stomal ulceration following gastric surgery. All may
be induced or aggravated by ingestion of aspirin
and other non-steroidal anti-inflammatory drugs.
These drugs can also cause chronic gastric
haemorrhage from superficial erosions

Other ‘ulcerating’ lesions of the bowel, e.g.
haemorrhoids, angiodysplasias of colon or small
bowel

Chronic parasitic infestations, e.g. hookworm
(extremely common in some developing countries)

Lesions in the female genital tract

Heavy menstrual loss (menorrhagia is an extremely
common but easily overlooked cause)

Carcinoma of uterus or cervix (usually presents as
abnormal vaginal bleeding rather than anaemia)

Lesions in the urinary tract (rarely sufficient to cause
anaemia)

Transitional cell carcinoma of bladder, pelvicalyceal
systems or ureters

Renal cell carcinoma (may cause haematuria but
rarely anaemia)

Chronic parasitic infestations, e.g. schistosomiasis
(common in some developing countries)

area (indicative of intra-abdominal malignancy), a
rectal lesion or signs of a ‘'medical’ cause
Confirmation of iron deficiency anaemia and
exclusion of common ‘medical’ causes of anaemia
such as rheumatoid arthritis or chronic leukaemias—
examine blood film, measure ESR, serum iron and
transferrin, B, and folate. When there is a ‘'mixed’
anaemia, measuring iron stores in a bone marrow
biopsy is the definitive method of diagnosing iron
deficiency. Small bowel biopsies may demonstrate

coeliac disease in a proportion of patients with simple

anaemia without bowel symptoms

Testing of specimens of stool for occult blood (at least
three specimens should be tested)

Pursuing clues that suggest the origin of bleeding by
using special investigations such as endoscopy and
contrast radiology. When occult blood is found in the

Non-acute abdominal pain and other abdominal symptoms «

faeces and there are no digestive symptoms, Cha
colonoscopy is usually performed first, looking for 1
tumours, polyps, inflammatory bowel disease or
angiodysplasias. If negative, this is followed by

gastroscopy. Both may be performed in the one

session. [f both are negative, it may be appropriate to

proceed to small bowel contrast radiography

Occasionally, gastrointestinal bleeding continues, even
though all investigations appear normal. The next step is
often to repeat the appropriate investigations. If bleeding,
is rapid and serious enough to merit operation and no
obvious lesion is found, the whole small bowel may
be examined by operative endoscopy (enteroscopy). The
small bowel is opened and a colonoscope threaded along
its full length, transilluminating the bowel in the process.
Small bowel angiodysplasias can only be reliably located
by this method.

OBSTRUCTIVE JAUNDICE

Patients with jaundice usually reach the surgeon when a
provisional diagnosis of obstructive jaundice has already
been made. There is often evidence that the obstruction
involves the bile ducts (i.e. posthepatic obstruction).

THE NORMAL ENTEROHEPATIC CIRCULATION

The haem component of spent red cells is normally
broken down to bilirubin (mainly in the spleen and bone
marrow), bound to albumin and transported to the liver.
This relatively stable protein-pigment complex is insoluble
in water and is not excreted in the urine. In the liver,
the complex is split and the bilirubin conjugated with
glucuronic acid which makes it water-soluble, before it is
excreted into the bile canaliculi. The normal concen-
tration of both conjugated and unconjugated bilirubin in
the blood is very low. Bacterial action in the bowel
converts conjugated bilirubin into colourless urobilinogen
and pigmented urobilin which imparts the brown colour
to normal faeces. Some urobilinogen is reabsorbed,
passing to the liver in the portal blood, and is then re-
excreted in the bile. The entire process is called an
enterohepatic circulation (see Fig. 11.4). A small amount
of urobilinogen escapes into the systemic circulation and
is excreted in the urine.

Bile acids (salts) are synthesised in the liver from
cholesterol-based precursors. These are excreted in bile
to the duodenum and facilitate lipid digestion and
absorption in the small intestine. About 95% of the bile
acids are reabsorbed in the distal ileum and return to the
liver via the portal vein, only to be re-excreted in the
bile. Thus both bilirubin and bile acids are involved in

(o)

enterohepatic circulations. 1
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BILIRUBIN
bound to albumin

HAEM

Spent red cells broken
down in spleen and
bone marrow

acid in liver to become
water-soluble

t

Conjugated with glucuronic

Protein-pigment complex
converted in gut to
UROBILINOGEN and
UROBILIN by bacterial action

(also water-soluble)

Some UROBILINOGEN

reabsorbed and returned to
liver via portal blood

CONJUGATED BILIRUBIN

UROBILIN turns faeces
If bile ducts are obstructed, brown

conjugated bilirubin reaches
high blood levels and is
excreted in urine producing
dark urine high in bilirubin

UROBILIN

PATHOPHYSIOLOGY OF OBSTRUCTIVE JAUNDICE

[f biliary outflow becomes obstructed, conjugated bili-
rubin is dammed back in the liver where it enters the
bloodstream and causes a gradual rise in plasma
bilirubin. Once the plasma bilirubin level exceeds about
30 pmol/L, jaundice should be clinically detectable. Above
60 pmol/L, jaundice is obvious. Conjugated bilirubin,
being water-soluble, is excreted in the urine, turning it
dark. The presence of bilirubin in the urine, together
with an indication of its concentration, is easily established
by ward dipstick testing. Significant quantities usually
mean biliary obstruction

In obstructive jaundice there is diminished or absent
excretion of bile into the bowel, causing changes in the
faeces. There is less urobilin to darken the stool and
fewer bile acids, resulting in defective fat absorption.
'he two combine to give the stool a characteristic ‘putty’
colour.

A particular consequence of poor dietary fat absorption
is malabsorption of vitamin K. This leads to decreased
hepatic synthesis of clotting factors, notably prothrombin.
Impairment of blood clotting is not so great as to cause

spontaneous haemorrhage or bruising but there is a

This does not occur in
obstructive jaundice thus
producing pale stools

Fig. 11.4 Normal dynamics of
bilirubin excretion and the effects

of obstructive jaundice

Note that urobi

significant risk of haemorrhage during surgery or after
liver biopsy. Thus the coagulation profile must be checked
before any invasive procedure. The coagulopathy is
corrected with parenteral vitamin K or, in the case of an
urgent procedure, fresh, frozen plasma. Biliary obstruction
also dams back bile acids, which raises their blood
concentration leading to deposition in the skin; this in
turn sometimes causes intense itching.

Blood tests in obstructive jaundice

Obstructive jaundice is manifest biochemically by an
elevated level of plasma bilirubin, predominantly in the
conjugated form. There is marked elevation of plasma
alkaline phosphatase (liver isoenzyme) which is derived
from bile canaliculi, but the transaminases, derived from
hepatocytes, are usually only mildly elevated. When
biliary obstruction is intrahepatic (e.g. cholangiocarcinoma
obstructing only one duct) there may be a mixed
biochemical picture with evidence of hepatocyte damage
as well as duct obstruction. Liver function tests are,
however, an unreliable guide and ultrasonography of the
liver is mandatory.




HISTORY AND EXAMINATION OF PATIENTS WITH
OBSTRUCTIVE JAUNDICE

History-taking should include enquiry about episodes of
pain typical of gallstone disease, previous episodes of
obstructive jaundice which resolved spontaneously, or
previous biliary tract surgery. Attacks of acute pancreatitis
also suggest gallstone disease. A history of anorexia,
weight loss and non-specific upper gastrointestinal
disturbances is common in carcinoma of the pancreas, a
disease more common in the elderly. Inflammatory bowel
disease predisposes to sclerosing cholangitis although
this is relatively rare.

There are several notable points in the examination of
the jaundiced patient. Early jaundice is a subtle physical
sign and will be missed unless the patient is examined
in a good light, preferably daylight. Jaundice is first
detectable in the conjunctivae and soon afterwards in the
skin of the abdominal wall. In some cases of obstructive
jaundice, the patient develops generalised itching
(pruritus) and scratch marks may be apparent. The
general stigmata of liver disease, such as spider naevi
and liver ‘flap’, are only found when jaundice is caused
by primary liver disease rather than extrinsic obstruction.

The abdomen should be examined, particularly for
ascites, an enlarged liver or spleen, abnormal masses or a
palpable gall bladder. An enlarged liver may be caused
by primary or secondary malignancy. Splenomegaly with
hepatomegaly is an important sign of chronic paren-
chymal liver disease (usually cirrhosis) and indicates
portal hypertension. Ascites in a patient with obstructive
jaundice is almost always due to disseminated intra-
abdominal malignancy.

Courvoisier’s ‘law’ (see Fig. 11.5) was formulated in
1890 and states that obstructive jaundice in the presence
of a palpable gall bladder is not due to stone (and is
therefore likely to be caused by tumour). The argument
is that gallstones cause chronic inflammation leading to
fibrosis of the gall bladder which prevents its distension.
An alternative explanation is that intermittent stone

L Dilated biliary tree

Gall bladder chronically inflamed and
thickened as a result of stones -
therefore unable to dilate in distal
obstruction; thus not palpable

- Obstructing stone

Obstructive jaundice due to stone

Fig. 11.5 Courvoisier’s law

Non-acute abdominal pain and other abdominal symptoms

obstruction leads to thickening of the gall bladder wall
which prevents distension. In malignancy, progressive
obstruction occurs over a short period and the gall
bladder distends easily.

Particular attention is paid to the colour of the
stool found on rectal examination, as a pale stool is
characteristic of obstructive jaundice. The urine should
also be inspected. In obstructive jaundice, it is usually
dark yellow or orange from the presence of conjugated
bilirubin, and froths when shaken due to the detergent
effect of bile acids.

Conditions causing obstructive jaundice are listed in
Box 11.7.

APPROACH TO INVESTIGATION OF JAUNDICE
Jaundice is usually investigated step by step as follows:

@ Exclude infective hepatitis by screening for hepatitis B
and C (see Table 1.3, p. 21). Other antigen and
antibody tests may be carried out if suspicion of
infective hepatitis is high. A history of transfusion,
intravenous drug abuse or travel may increase the
likelihood of an infection

® Confirm that the jaundice is obstructive if possible by
means of liver function tests (see Fig. 11.6) (although
there are not completely reliable). Mild jaundice is
commonly found in patients with Gilbert’s syndrome,
due to a mild congenital abnormality of haemoglobin
metabolism with no serious significance. Obstructive
jaundice is characterised by a predominance of
conjugated bilirubin and a high alkaline phosphatase

level (liver isoenzyme); transaminase levels are only
moderately elevated

® Hepatobiliary ultrasonography is the simplest means
of demonstrating dilated intrahepatic ducts (see
Fig. 11.7), liver secondaries, a dilated extrahepatic
biliary system or gall bladder abnormalities including
stones. Ultrasound may reveal the cause of

- Dilated biliary tree
S
-
— Thin-walled gall bladder dilates in distal

obstruction; thus becomes palpable

Carcinoma of pancreas or periampuliary
region obstructing common bile duct

Obstructive jaundice due to carcinoma
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Box 11.7 Conditions causing obstructive jaundice

Stones in the common bile duct
@ Very common

® Suggested by a history of pain typical of biliary colic. Jaundice may be progressive (if a stone is firmly impacted),
fluctuant without ever disappearing altogether (if a stone alternately impacts and disimpacts), or intermittent (if
multiple small stones successively impact then pass through the lower end of the common bile duct)

Carcinoma of the head of the pancreas
@® Common

@ Typically causes painless jaundice which is persistent or progressive. The gall bladder may be palpable (Courvoisier’s

law, see Fig. 11.5)

Acute or chronic pancreatitis
® Uncommon
® Common bile duct is obstructed

Mirizzi's syndrome
® Rare

® Chronic cholecystitis extending to involve the common bile duct

Periampullary tumours
® i.e. of ampulla, bile duct or duodenum (uncommon)

@ Clinical features similar to carcinoma of head of pancreas

Benign strictures of the common bile duct

® May be due to surgical damage (fairly commaon) or previous stone (uncommon)

@ Clinical features similar to carcinoma of head of pancreas

Other malignant tumours

® May cause bile duct obstruction above the ampulla, e.g. secondaries in the porta hepatis (fairly commeon),
cholangiocarcinoma (uncommon), carcinoma of the gall bladder (rare)

Intrahepatic bile duct obstruction
® e.g. Cholangiocarcinoma, sclerosing cholangitis (rare)

Intrahepatic cholestasis

® Diagnosed when jaundice is obstructive but the duct system is normal

Viral hepatitis is a common cause

®
@ Systemic sepsis often causes low-grade jaundice (liver dysfunction)
L ]

Idiosyncrasy to certain drugs (including chlorpromazire, oral contraceptives and chlorpropamide) interferes with bile

excretion from hepatocytes, presumably by affecting membrane transport

obstructive jaundice to be a tumour in the head of the
pancreas or enlarged lymph nodes in the porta
hepatis. Ultrasound, however, is unreliable for
demonstrating pathology in the lower portion of the
biliary tree; although it may show gallstones, it is
unreliable for excluding them. In particular it may not
visualise common bile duct stones or lesions in the
head of the pancreas. CT scanning may be the next
stage if the findings are equivocal. This is particularly
useful for demonstrating primary or secondary
tumours but may miss a small carcinoma at the lower
end of the common bile duct

Hepatic lymphoma is another classic but rare cause of intrahepatic cholestasis

® [f ultrasound demonstrates dilated ducts, endoscopic

retrograde cholangiopancreatography (ERCP) is
frequently the next investigation (see Fig. 11.8). It is now
usual practice to drain an obstructed bile duct at the
same procedure if practicable, either by sphincterotomy
and stone removal or by placing an intraluminal stent
[his may be the definitive treatment for duct stones or
inoperable carcinomas; for patients requiring operation,
stenting allows the jaundice to settle and liver function
to improve. The role of non-therapeutic ERCP is
gradually being supplanted by magnetic resonance

cholangiopancreatography (MRCP).
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Fig. 11.7 Ultrasonogram showing dilated intrahepatic
ducts
An ultrasound scan in an 80-year-old man with obstructive jaundice
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Alternatively, percutaneous Chiba needle (‘skinny
needle’) transhepatic cholangiography can be
performed. Both tests show the site and often the
nature of an obstruction although the latter test is
more invasive. If bile ducts are not dilated, liver
biopsy or biopsy of demonstrated secondaries may be
performed (with ultrasound or CT guidance). Because
clotting is frequently abnormal, clotting studies must
be performed before any invasive procedure.
Abnormalities are corrected by giving daily vitamin K
injections and if a clotting defect remains, infusing

Non-acute abdominal pain and other abdominal symptoms
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Fig. 11.6 Typical liver function test
result in obstructive jaundice

fresh-frozen plasma before and during any invasive
procedure. Laparoscopy may be used to visualise the
liver directly and to obtain biopsy specimens from
suspicious areas.

Occasionally, a firm diagnosis cannot be made before
operation; abdominal exploration and frozen section
histology may provide the answer. Laparotomy provides
an opportunity for treatment at the same time.

PRINCIPLES OF MANAGEMENT OF OBSTRUCTIVE
JAUNDICE

The primary aim of treatment is to relieve the obstruction
of the biliary tract. Obstructed bile is often infected and a
fulminant acute cholangitis can develop at any time.
Back pressure interferes with other liver functions such
as synthesis of albumin and clotting factors. Eventually
structural liver damage ensues.

obstruction defined

Three categories of may be

according to surgical treatment options:

@ [Potentially curable obstructions
@ Obstruction due to incurable tumour
® Terminal disease

Potentially curable obstructions

Ihese include bile duct stones and strictures as well as
small tumours of the lower bile ducts, duodenum or
ampullary region (periampullary tumours) (see Fig. 11.9).
If an operation is needed, it is better to relieve the
jaundice beforehand and allow liver function to recover

by stone removal or endoscopic placement of a tube
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within the bile duct. These tubes are known as stents,
named after the inventor of earlier devices of this kind.
Current large-bore duodenal endoscopes allow per-oral
placement of stents up to 4 mm in diameter.

The number, size and position of bile duct stones
may have been identified before operation by ERCP (or
by percutaneous transhepatic cholangiography). Stones
may be removed at ERCP by dividing the ampullary

(b)

Fig. 11.8 Endoscopic stenting

(a) Diagnostic endoscopic retrograde cholangiogram (ERC) showing
an enlarged common bile duct containing a single large stone

A collection of radiopaque gallstones is seen in the gall bladder (GB)
(b) Two types of biliary stent: the pigtail type on the left and the
notched variety on the right, as used in this patient. (c) Despite
endoscopic sphincterotomy, the bile duct stone could not be retrieved
50 a tubular self-retaining stent has been placed to relieve the
obstructive jaundice. The stone was successfully removed
endoscopically on a later occation

sphincter using a ‘bow-string’ diathermy wire via the
duodenal endoscope. Sometimes if the stone is very
large or impacted the obstructed bile may be drained by
placing a stent without stone removal.

Where it is available, sphincterotomy or stent place-
ment is the initial treatment of choice for virtually all
patients with common bile duct stones causing obstructive
jaundice but particularly so for the following groups:




Benign stricture, e.g.
following trauma at
cholecystectomy

Stone in common bile duct

Non-acute abdominal pain and other abdominal symptoms

Carcinoma of ampulla or
duodenum

PERIAMPULLARY CARCINOMAS

Cholangiocarcinoma

Fig. 11.9 Some potentially curable causes of obstructive jaundice

Acute cholangitis where it may represent an emergency
Patients who have previously had a cholecystectomy
If laparoscopic cholecystectomy is planned

Debilitated elderly patients where laparotomy would
be specially hazardous

If open cholecystectomy is the chosen treatment, bile
duct stones can be identified by X-ray cholangiography
performed during the operation (peroperative cholangio-
graphy) and removed surgically. This can also be
achieved during laparoscopic cholecystectomy, but is
less widely practised. Operative choledochoscopy is one
technique where a flexible or rigid ‘scope allows a visual
check for completeness of stone removal.

Many surgeons undertaking laparoscopic cholecyst-
ectomy roulinely perform operative cholangiography
but only a small proportion undertake laparoscopic
exploration of the common bile duct as this is a difficult
and time-consuming procedure,

Bile duct strictures can be treated by long-term
stenting. Strictures are usually due to post-surgical fibrotic
scarring but occasionally result from inflammatory
scarring due to cholecystitis with jaundice (Mirizzi's
syndrome). The ‘gold standard’ for more severe strictures
or for iatrogenic division or ligation of the common bile
duct is surgical reconstruction of the bile ducts.

Small tumours in the periampullary region may be
amenable to complete excision, thereby relieving biliary
obstruction. A complete cure is often achieved. Adeno-
carcinoma of the head of the pancreas is a common
cause of obstructive jaundice but the long-term prognosis
is poor even after a successful radical pancreatico-
duodenectomy (which itself has a high mortality rate).
This may get belter as specialist surgical centres improve
preoperative staging and achieve better surgical out-

comes. At present, the trend is towards palliative treat-
ment with stenting, together with gastro-jejunostomy if
the duodenum becomes obstructed by invading tumour

Obstruction due to incurable tumour

l'his commonly occurs in carcinoma of the head of the
pancreas, less often with lymph node metastases in the
porta hepatis and rarely from carcinoma of the gall
bladder. Stenting is the palliative treatment of choice but
if this proves impossible, various operations can b_\'Pr’th
the obstruction by joining small bowel to the gall
bladder or bile duct proximal to the obstruction or to
dilated ducts within the liver. For carcinoma of the head
of the pancreas triple bypass (see Ch. 17) is the classic
palliative operalion but stenting to provide internal
biliary drainage has markedly reduced the need for this
operation.

All these techniques merely overcome the problem of
obstructive jaundice and have no influence on the course
of the disease. Eventually and often within a few months,
the patient succumbs to other manifestations of the
cancer. Percutaneous coeliac ganglion blockade provides
effective palliation for intractable pain.

Terminal disease

By the time obstructive jaundice has developed, some
patients have reached a terminal stage of their cancer. In
these cases, stenting may still be indicated but surgical
interference may be difficult to justify; the aim should be
to relieve distress and allow a dignified death. Some
patients experience severe itching which may be lessened

by drugs such as antihistamines or chlorpromazine. Oral

«
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cholestyramine is not indicated because it only removes
bile salts which are able to reach the bowel.

SPECIAL RISKS OF SURGERY IN THE JAUNDICED
PATIENT (see Box 11.8)

Despite the fact that most obstructive jaundice can now
be relieved preoperatively by stone removal or stenting,
surgery must still be performed in a jaundiced patient.
T'his poses a greater risk from preoperative and post-
operative surgical complications as follows:

® Infection. Obstructed bile is nearly always infected by
aerobic gut organisms and surgical instrumentation
may precipitate ascending cholangitis, if not already
present, with the risk of sepsis syndrome and
multiple organ dysfunction (see next bullet). Spillage
of infected bile during operation causes peritoneal
contamination and risks intraperitoneal or wound
infection. Preoperative drainage of bile into the bowel
by endoscopic sphincterotomy or stenting can prevent
this. Prophylactic antibiotics against the usual gut

flora should be used for the procedure
3

SUMMARY

Box 11.8 Special precautions to be taken when
operating on a patient with obstructive jaundice

Note that most obstructive jaundice can now be
relieved preoperatively by stone removal or stenting

Infected bile under pressure
® Use prophylactic antibiotics + drainage precperatively
by endoscopic stenting or sphincterotomy

Risk of renal failure

® Ensure adequate hydration throughout—intravenous
infusion overnight before operation, osmotic
diuretics during operation

® Insert urinary catheter to monitor output

Impaired hepatic detoxification

® Give antibiotics to minimise endogenous endotoxin
production

® Avoid drugs excreted by liver

Malabsorption of fat-soluble vitamins (causes impaired
hepatic synthesis of clotting factors)

® Check clotting

@ Give vitamin K intramuscularly for several days

® Endotoxaemia. Endotoxins appear in the systemic before operation

circulation. These predispose to multiple organ
x Thromboembolism

dysfunction syndrome (MODS) by activating
) @ Use prophylactic measures, e.g. low-dose

components of the inflammatory cascade and may
precipitate a systemic inflammatory response. Renal subcutaneous heparin
function is particularly vulnerable if renal perfusion is

already impaired. Renal failure following operation

for obstructive jaundice is manifest as hepatorenal

syndrome, but can occur in any patient with

obstructive jaundice. Typical findings are oliguria and fresh-frozen plasma is given perioperatively to correct
hyponatremia. Renal function can be protected by the coagulopathy

ensuring that the patient does not become dehydrated ® Thromboembolism. Paradoxically, considering the
during any period of restriction of oral fluids. clotting "h_'”"-i“”".\" }mslnp-r.ﬂ%\'v deep vein
Intravenous fluids should be given overnight before thrombosis is common in the jaundiced patient.

an operation or procedure but may aggravate the Prophylactic measures should be taken to reduce this
hepatorenal syndrome. The patient should be risk, e.g. low-dose subcutaneous heparin

catheterised and given prophylactic antibiotics
® Hepatic impairment. There is usually some degree of

hepatic impairment due to biliary back pressure. This ABDOMINAL MASS OR DISTENSION

causes reduced hepatic metabolism of certain drugs

and results in defective synthesis of clotting factors, An abdominal mass is sometimes discovered by the
even if vitamin K has been given. Patients with patient but more often on medical examination. An
chronic parenchymal liver disease withstand the older patient with a definite palpable mass is likely to
stresses of major abdominal surgerv and anaesthesia have a malignant tumour, but benign cysts, inflam-
poorly. Drugs excreted by the liver should be avoided matory masses, aneurysms or atypical hernias may be
® Malabsorption of fats. Biliary obstruction leads to responsible. Occasionally masses have a ‘medical’ cause,
diminished absorption of fats, including vitamin K, a e.g. hepatosplenomegaly of chronic lymphocytic leu-
co-factor for prothrombin synthesis. This results in kaemia. Commonly, one of the ‘five Fs'—fetus, faeces,
detective clotting. Parenteral vitamin K before flatus, fat or fluid—may masquerade as a ‘surgical’ mass
operation usually improves the prothrombin ratio or distension. These are common causes of embarrass-
sufficiently to permit operation but needs to be given ment! An abdominal mass may be discovered without
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has gastrointestinal symptoms, anaemia or jaundice in
addition. A careful history will often reveal useful clues
as to the cause of the mass.

CLINICAL ASSESSMENT OF AN ABDOMINAL MASS

The location of the mass, its relations and mobility and
its physical characteristics, such as size, shape and
consistency, give valuable information about the organ of
origin and the likely pathology. Incisional, umbilical and
sometimes interstital (Spigelian) hernias (see Ch. 26,
p. 348) may present as localised swellings but they usually
shrink or reduce completely when the patient is supine
or under anaesthesia. Unless the diagnosis of a hernia
is considered, it may be overlooked. An incarcerated
(irreducible but not obstructed) hernia is more
appropriately considered a true ‘mass’.

Mass in the right hypochondrium

A right hypochondrial mass is usually of hepatobiliary
origin. If so, it will be continuous with the main bulk of
the liver both to palpation and percussion. It will also
descend on inspiration. The enlarging liver usually
remains in contact with the anterior abdominal wall and
is consequently dull to percussion. When the liver is
diffusely enlarged, the inferior margin is regular and
well defined and the consistency is usually normal.
When infiltrated with primary or secondary cancer, the
palpable liver may be hard and irregular or the liver may
appear diffusely enlarged. Carcinoma of the gall bladder
is indistinguishable from hepatic cancer on palpation.
Rarely, a Riedel’s lobe—a congenitally enlarged part of
the right lobe—is mistaken for a pathological mass. Less
commonly, a right hypochondrial mass is a diseased gall
bladder. When a liver mass is suspected, other signs of
liver disease should be sought. A mass continuous with
the liver above and with a typical pear-shaped rounded
outline is likely to be a mucocoele of the gall bladder. A
more diffuse, tender mass may be an empyema of the
gall bladder.

Epigastric mass

A mass in the epigastrium is usually due to a cancer of
the stomach or transverse colon or sometimes omental
secondaries from ovarian carcinoma (Fig. 11.10). Cancer
involving the left lobe of the liver may also present in
this way. These masses are usually hard and irregular
and are mobile or fixed according to the degree of
invasion. Occasionally an epigastric mass is an isolated
enlargement of the left lobe of the liver or massive para-
aortic lymph nodes due to lymphoma or testicular
secondaries. A pulsatile epigastric mass is likely to be an
abdominal aortic aneurysm.

Non-acute abdominal pain and other abdominal symptoms

Fig. 11.10 Epigastric mass
This man of 44 presented having discovered an epigastric mass. It was

asymptomatic. The margins of the mass are outlined on the skin. The
mass moved downwards with respiration and proved to be a massive
liver metastasis from a tiny pancreatic primary adenocarcinoma

Mass in the left hypochondrium

A cancer of the stomach or splenic flexure of the colon
may present as a mass in the left hypochondrium.
Tumour masses can usually be distinguished clinically
from an enlarged spleen as the latter often has a discrete
‘edge’ and lies more posteriorly. The spleen also has a
band of overlying resonance due to gas in bowel
superficial to it. It is easier to palpate a spleen if the
patient rolls towards the right side; the examiner then
puts his or her left hand behind the patient’s lower left
ribs pulling the spleen towards the examining hand. The
lower edge can be palpated when the organ moves
downwards as the patient inspires. Note that a normal-
sized spleen is rarely palpable.

Mass in the loin or flank

A mass in the loin or flank is likely to be of renal origin
and can best be felt on bimanual palpation. This involves
pushing the mass forward from behind with one hand so
that it can be palpated anteriorly with the other. A renal
mass will usually descend with inspiration since the
kidneys lie just beneath the diaphragm. Very rarely, a
hernia occurs in the lumbar region; this reduces
spontaneously as the patient rolls over.

Mass in the left iliac fossa

Masses in the left iliac fossa usually arise from the
sigmoid colon. A hard faecal mass may be mistaken for a
cancer but it can often be indented like putty. A solid
sigmoid mass is usually due to tumour or a complex
diverticular inflammatory mass. Ovarian masses and

sometimes eccentric bladder lesions may be palpable in
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either iliac fossa. These lesions, however, arise from out
of the pelvis and can often be pushed up on to the
abdominal examining hand by digital pressure in the
rectum or vagina (bimanual palpation—most effectively
performed under general anaesthesia). Note that a rectal
examination is mandatory in a thorough abdominal
examination.

Hernias in the groin are common (see Ch. 26) and may
be chronically irreducible (incarcerated). Occasionally, an
interstitial (Spigelian) hernia develops above the groin in
either iliac fossa. This presents a somewhat confusing
picture on examination by virtue of its site and because
the peritoneal sac herniates between the muscle layers of
the abdominal wall.

Suprapubic mass

Suprapubic masses usually arise from pelvic organs such
as the bladder or uterus and its adnexae. A palpable
bladder is most commonly due to chronic urinary
retention and the patient should be catheterised and then
examined again. A distended bladder is dull to per-
cussion and disappears on catheterisation. Bladder en-
largement is usually symmetrical and may extend above
the umbilicus. The margins may be difficult to define
accurately because of the bladder’s soft consistency. Only
massive bladder tumours are palpable and would be
accompanied by urinary tract symptoms and urine
abnormalities. Sometimes large bladder stones are pal-
pable abdominally.

A uterus may be palpable abdominally when en-
larged by pregnancy or fibroids. Bimanual examination
involves digital examination of the vagina at the same
time as palpation of the lower abdomen with the other
hand. Ovarian tumours, particularly cysts, may become
enormous and extend well up into the abdomen; again,
bimanual examination (under general anaesthesia if
necessary) helps to distinguish the origin.

Mass in the right iliac fossa

The right iliac fossa is a common site for an asymptomatic
mass. It may be due to unresolved inflammation of the
appendix which becomes surrounded by a mass of
omentum and small bowel, giving rise to an ‘appendix
mass’ (see Ch. 19). There is usually a recent history of
right iliac fossa pain and fever. A carcinoma of the caecum
may become very large without causing symptoms of
obstruction because the caecum is large and distensible,
and the faecal stream at this point is quite liquid. Thus,
a caecal carcinoma often presents as an asymptomatic
right iliac fossa mass; iron deficiency anaemia is often
evident by this stage. Crohn’s disease of the terminal

ileum often presents with a tender mass, usually with
typical symptoms of pain and diarrhoea.

Central abdominal mass

A central abdominal mass may originate in large or
small bowel, as a result of malignant infiltration of the
great omentum or from rutmperitnneai structures such
as lymph nodes, pancreas, connective tissues or the aorta.
Retroperitoneal masses are only palpable if they are
large. One of the most common central abdominal masses
is an aneurysm of the abdominal aorta. Aneurysms
usually arise just above the aortic bifurcation (at the
umbilical level) which explains their central location in
the upper part of the abdomen. The characteristic feature
of an aneurysm is its expansile pulsation; other solid
masses may transmit pulsation from large vessels
nearby, but these masses are not expansile.

Several different types of hernia may present near the
centre of the abdomen. Most common is an incisional
hernia which protrudes through part or the whole of an
abdominal wall incision. This may occur at any time
after operation, from days to years later. It usually results
from poor closure technique or postoperative infection.
Paraumbilical or umbilical hernias, common in the
obese, occur centrally and diagnosis is usually straight-
forward. Divarication of the recti (rectus abdominis
muscles, not a true hernia) involves the recti being splayed
apart, often as a result of pregnancy or obesity, leaving
the central anterior abdominal wall devoid of muscular
support. This condition is easily recognised because of
its typical ‘keel’ shape and its symptomless nature;
treatment is rarely necessary. Divarication and midline
hernias can best be demonstrated when the abdominal
muscles are contracted, e.g. the supine patient raises
both heels from the bed.

Rectal mass and findings on rectal examination

Palpation of the normal rectum reveals the firm walls of
the anal sphincter over the first 5cm or so. Above that
level, the rectal walls are soft and mobile. In the female,
the uterine cervix is often felt anteriorly as a firm but
localised mass. In the male, the normal prostate gland is
felt near the tip of the finger anteriorly as a smooth, firm
swelling about 2 cm in diameter with a midline groove
between the lateral lobes. Enlargement of the prostate
(usually benign) can be palpated, as can irregularity or
nodularity which may represent carcinoma.

An abdominal or pelvic mass may be palpable solely
on rectal (or vaginal) examination. The mass may be a
rectal cancer or a cancer of the loop of sigmoid colon
lying in the pelvic cavity; the latter is unlikely to be
visible on sigmoidoscopy. Sometimes, secondary deposits
from an impalpable tumour in the upper abdomen may
seed the pelvic cavity. This may produce a palpable
shelf or even a solid
The latter condition is

anterior lump known as Blumer’s
mass filling the pelvic cavity.




known as a frozen pelvis. Frozen pelvis can also occur
with endometriosis or local spread of a carcinoma of
cervix or, rarely, prostate.

DIFFUSE ABDOMINAL DISTENSION

Diffuse distension of the abdomen is a separate problem
from a solid but discrete abdominal mass.

Widespread peritoneal involvement with tumour
secondaries may cause abdominal distension, particu-
larly if there is also an accumulation of fluid (ascites). It
is often difficult to recognise on abdominal examination
but should be suspected if the patient has other symptoms
suggestive of malignancy such as anorexia or marked
weight loss. Typically there is a history of gastrointestinal
or ovarian carcinoma, and a surgical scar may be
obvious. Abdominal tuberculosis is an uncommon cause
in developed countries but is common in the developing
world.

Gas within the bowel is a common cause for long-
standing and often intermittent abdominal distension. It
usually occurs in healthy young adults, particularly
women, in association with irritable bowel syndrome or
air swallowing during hyperventilation. Women of
reproductive age often complain of abdominal distension
in the premenstrual phase which may be due to fluid
retention. Chronic gaseous abdominal distension may
also be found in elderly patients with partial volvulus of
the sigmoid colon. A detailed history and examination
will usually diagnose these problems and avoid un-
necessary investigation.

Abdominal wall and intraperitoneal fat may give the
impression of diffuse abdominal distension, especially if
the patient has a lumbar lordosis. In the middle-aged
and elderly, more sinister conditions should be excluded
before fat is blamed. Gross faecal loading may also be
responsible for diffuse abdominal distension. This is
often seen in children with abdominal pain and some-
times in young adults with irritable bowel syndrome.
Asymptomatic chronic constipation is very common
in the elderly but if it becomes symptomatic with
distension and pain it can also represent incomplete
bowel obstruction due to diverticular disease or cancer.
A faecal mass palpable through the thin abdominal wall
of an elderly patient can give the impression of a sinister
mass. This commonly leads to fruitless but unavoidable
investigations.

ASCITES

Ascites is defined as a chronic accumulation of fluid

within the abdominal cavity and has many causes, both
malignant and non-malignant.

Sometimes in ovarian or colonic cancer, the peritoneum
is seeded with tumour deposits which secrete a protein-

Non-acute abdominal pain and other abdominal symptoms

rich fluid containing malignant cells. This malignant
ascites may reach a volume of several litres. The
peritoneum may be peppered with thousands of minute
seedlings without a palpable mass or there may be
several large masses hidden by the ascitic fluid. A rare
cause of ascites is massive obstruction of abdominal
lymphatic drainage. This is usually caused by malignant
involvement of para-aortic lymph nodes with lymphoma
or metastatic testicular malignancy. Chylous ascites, in
which the ascitic fluid is milky-white, is rare and is due
to proximal lymphatic obstruction and the presence of
chylomicrons in the fluid originating from mesenteric
lymphatics.

Ascites may also be caused by gross congestive cardiac
failure, constrictive pericarditis, severe hypoalbuminaemia
or portal venous obstruction, the last occurring in cirrhosis
and occasionally with liver metastases. Tuberculosis can
occasionally present as ascites; this form of tuberculosis
is characterised by multiple tiny peritoneal tubercles,
clinically indistinguishable from tumour secondaries.
Tuberculosis must be considered in this situation and
biopsies taken because the condition is usually curable,
unlike its malignant counterpart.

Ascites can usually be recognised only when the
volume exceeds 2 litres, but even then it is easily
overlooked. Dullness to percussion in the flanks and
suprapubic region with central resonance is suspicious
of ascites and should be followed by an attempt to elicit
a fluid thrill or ‘shifting dullness’ (see Fig. 11.11).

APPROACH TO INVESTIGATION OF AN ABDOMINAL
MASS OR DISTENSION

History and examination

A thorough history will probably provide clues to the
specific organ system involved. A history of intra-
abdominal malignancy years before should be regarded
with grave suspicion. The disease may have recurred or
a new primary developed. This is especially common in
large bowel cancer but uncommon once 5 years have
elapsed since treatment.

General examination should seek systemic signs of
disease (e.g. cachexia, anaemia and jaundice) or signs of
malignant dissemination (e.g. supraclavicular lymph-
adenopathy in suspected stomach cancer). Abdominal and
pelvic examination must be thorough and, if appropriate,
proctoscopy and sigmoidoscopy should be performed.

Laboratory tests

Blood, urine and stool investigations will be performed
as suggested by the history and examination, e.g. full
blood count, function tests, dipstick urinalysis and faecal
occult bloods.
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Central 1
resonance

Flank and suprapubic
dullness to percussion

A Percussion to
demonstrate ascites

B Shifting duliness

Area 1 is resonant when supine and dull in lateral position

Area 2 is dull when supine and resonant in lateral position

Assistant's or patient's hand
steadies centre of abdomen

Operator flicks flank

C Eliciting a fluid thrill

Radiology

A chest X-ray should be performed if malignancy is
suspected. Ultrasonography or CT scanning (see Fig. 11.13)
is useful for demonstrating the size and origin of a mass
and one or other is often the first choice if pathology is
suspected in the liver, biliary tree, pancreas, aorta or pelvic
organs, or to confirm ascites. For pelvic masses, ultrasound
is usually the investigation of first choice. CT scanning is
most valuable in defining masses in the retroperitoneal
area, e.g. pancreas, aorta or kidneys, but may be the
investigation of choice for suspected large bowel cancer
in frail patients. Ultrasound or CT scanning can be used
to guide needle biopsy or aspiration cytology precisely
and may avoid the need for a diagnostic laparotomy.
Finally, contrast studies, e.g. barium meal, barium enema
or intravenous urogram, may be indicated.

Endoscopy

Flexible endoscopic techniques such as gastroscopy or
colonoscopy enable direct examination and biopsy of
many gastrointestinal lesions. ERCP may be used to
inject contrast material into the biliary and pancreatic

duct systems if appropriate.

A ‘'splash’ is detected
on opposite side of
abdomen

Fig. 11.11 Clinical signs of ascites

Other methods of tissue diagnosis

A tissue diagnosis should be obtained even if disseminated
malignancy seems obvious. It can influence palliative
and supportive treatment and, occasionally, an apparently
hopeless case proves on histology to be treatable or even

curable. Examples are tuberculosis, lymphoma or a germ
cell tumour such as teratoma. Techniques of obtaining
tissue for histology include needle or excision biopsy of
enlarged cervical I\'mph nodes, and percutaneous biopsy
of liver or an intra-abdominal mass (which may be
guided by ultrasound or CT). Paracentesis abdominis
(i.e. needle aspiration of ascitic fluid) is a safe and simple
way of oblaining a specimen for cytology and micro-
biology. Finally, when less invasive methods have failed
to provide the necessary information, direct biopsy of
tumour at diagnostic laparoscopy or open operation

usually provides the definitive diagnosis.

Examination under anaesthesia, laparoscopy and
exploratory laparotomy

Examination under anaesthesia (EUA) is sometimes
necessary for estimating the mobility and spread of pelvic
tumours., General anaesthesia with a muscle relaxant
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allows thorough abdominal palpation and bimanual C

examination of the pelvis via rectum and vagina and the
taking of biopsies. This may not be possible without
anaesthesia because of tenderness or abdominal wall
muscle tone. EUA is often combined with cystoscopy or
other rigid endoscopies. Laparoscopy, widely used
gynaecology, is now a widely available diagnostic and
therapeutic tool in general surgery. It allows direct
inspection and biopsy of masses and visualisation of the
extent of local spread governing resectability, as well as
allowing a search for intra-abdominal metastases. Samples
can be taken for cytology to demonstrate intraperitoneal
spread. Special ultrasound probes may be applied
directly to the liver and other organs where lesions are
suspected which are too small to be detected by standard
non-invasive ultrasonography. Diagnostic laparotomy,
often necessary before the advent of modern imaging
techniques, is now required only when less invasive
procedures have failed to provide a clear diagnosis or
when treatment to relieve symptoms such as bowel
obstruction is urgently required.

anterior examining |

nvolves short sharp

displacing ascites enabling a mass

Flg 11. 13 CT scans showmg gross ascites and enlarged lymph nodes

n (a) note the darker g luid A around the liver L and the contrast.in the stomach
lymph nodes due 1o lymphoma to assess tha stage of spread of a known ymphoma
with a large rubbery lymph node mass was also found to have a large central abdominal mass. Abdominal CT
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ABDOMEN, GENERAL PRINCIPLES

12 The acute abdomen and acute
gastrointestinal haemorrhage

Intestinal obstruction 175

Bowel strangulation 17
Peritonitis 181

Intra-abdominal absces: 182

INTRODUCTION

T'he term acute abdomen is widely understood but is
difficult to define precisely. Typically, the symptoms are
of acute onset and strongly suggest an abdominal cause;
abdominal pain is almost always a prominent feature.
The illness is of such severity that admission to hospital
appears necessary and operative surgery is a likely out-
come. Many of the disorders causing an ‘acute abdomen’
are serious and potentially life-threatening unless treated
promptly. On the other hand, simple and relatively
trivial conditions such as constipation can produce acute
and severe symptoms. These lesser diagnoses may only
become apparent after a period of observation or after
special investigations.

By the time of hospital admission, a patient with an
‘acute abdomen’ may have been managed conservatively
at home for a day or two, during which the symptoms
have either failed to settle or become progressively worse.

Maijor gastrointestinal haemorrhage is also a common
reason for acute surgical referral, and is manifest by
vomiting of blood (haematemesis) or rectal bleeding or
passage of melaena. Many such patients are initially
referred to a general (internal) physician or gastro-
enterologist, especially if the presumptive diagnosis is
bleeding from a peptic ulcer or due to oesophageal
varices. Management is usually conservative and may be
undertaken in a medical unit, or occasionally in a
combined gastroenterology /surgery unit.

Acute surgical emergencies constitute about 50% of
all general surgical admissions (see Table 12.1). About
half of these are for abdominal symptoms, predominantly
pain, and half of this group resolve without operation.
The rest undergo emergency surgery (e.g. for ruptured
abdominal aortic aneurysm) or a scheduled surgical

) Acute bowel ischaemia

Perforation of an abdominal viscus 183

183

Major gastrointestinal haemorrhage 185

Table 12.1 Composition of acute general surgical

admissions in a typical district general hospital*
Reason for admission Percentage of admissions

Non-specific abdominal pain,

resolving without surgery 25%
Acute appendicitis 12%
Acute abdomen due to other causes 12%
Head injuries 20%
Abscesses 10%
Arterial emergencies 5%
Urological emergencies 5%
Hernia/scrotal emergencies 5%
Gastrointestinal haemarrhage 3%
Soft tissue wounds 2%
Burns 1%

“Without a separate head injury or |J[1.]1[}t]’|f_c!i emergency service
! . -

procedure during the same admission (e.g. cholecyst-
ectomy on the next available operating list), or are booked
to have an operation later (e.g. interval appendicectomy
for resolving appendix mass)

The common abdominal causes for emergency ad-
mission are summarised in Box 12.1. The list is not meant
to be exhaustive and excludes obscure medical causes
like acute intermittent porphyria or tabes dorsalis, as well
as conditions mainly confined to infants and children
(see Ch. 44).

BASIC PRINCIPLES OF MANAGING THE ACUTE
ABDOMEN

In managing the acute abdomen, the first goal is to make
a broad diagnosis which will help to decide whether an




operation is necessary and how urgently it is required.
Further detailed diagnostic information is obtained if
possible, but the procedure performed often depends on
what is found when the abdomen is opened.

Firstly, the basic pathophysiological phenomenon re-
sponsible for the patient’s clinical state should be identified.
Does the clinical picture suggest intestinal obstruction,
bowel strangulation, peritonitis, intra-abdominal abscess,
intra-abdominal bleeding or acute bowel ischaemia, or
is it obviously gastrointestinal haemorrhage? More than
one of these phenomena may occur at once. For example,
strangulation is usually associated with signs of obstruc-
tion. Each of the main phenomena is described in detail
in the following sections.

Once the main process has been diagnosed, a set of
working probabilities as to the underlying cause can be
put together from the clinical evidence.

Before operation, it is vital to resuscitate the patient
and also to obtain basic haematological and biochemical
measurements and to assess cardiorespiratory function.

KEY POINTS

Box 12.1 Common causes of acute abdominal

emergencies in adults

® Non-specific abdominal pain which resolves without
operation

@ Acute appendicitis

® Acute biliary tract disorders—biliary colic,
cholecystitis, occasionally ascending cholangitis

® Acute pancreatitis

® Acute manifestations of peptic ulcer disease—
severe exacerbations of pain, haemorrhage,
perforation, pyloric stenosis

@ Acute diverticular disease—acute inflammation,
abscess, haemorrhage, perforation, large bowel
obstruction

@ Strangulated hernias and other small bowel

obstructions, e.g. bands or adhesions

Colorectal carcinoma—Ilarge bowel obstruction,

perforation

Constipation

Sigmoid volvulus

Urinary tract infections

Ureteric colic

Acute urinary retention

Leaking or ruptured abdominal aortic aneurysm

Mesenteric arterial occlusion causing bowel

ischaemia

Abdominal trauma causing bleeding or perforation

Gynaecological emergencies—ruptured ectopic

pregnancy, torsion or bleeding of ovarian cyst,

acute salpingitis

The acute abdomen and acute gastrointestinal haemorrhage

INTESTINAL OBSTRUCTION
PATHOPHYSIOLOGY OF INTESTINAL OBSTRUCTION

Any part of the gastrointestinal tract may become
obstructed and present as an acute abdomen. The causes
are many and varied, as outlined in Box 12.2.
Obstruction leads to dilatation of bowel proximally
and disrupts peristalsis. The manner of presentation
depends on the level of obstruction within the gastro-
intestinal tract (i.e. stomach, proximal or distal small
bowel or large bowel) and on the completeness of
obstruction. The most acute presentation is upper small
bowel obstruction which manifests within hours of
onset. This is because the large volume of gastric and
pancreaticobiliary secretions is prevented from moving

KEY POINTS
Box 12.2 Mechanical causes of bowel obstruction
Adhesions or bands
® Resulting from previous surgery or intraperitoneal
infection (rarely congenital bands)

Strangulated external hernias
® e.g. Femoral or inguinal hernias

Tumours

® e.g. Colonic carcinoma (particularly left-sided),
gastric carcinoma near the pylorus, and tumours of
small bowel (rare)

Volvulus of small bowel or large bowel
® A mobile or distended loop of bowel rotates causing
obstruction at its neck

Inflammatory strictures
® e.g. Diverticular disease, Crohn’s disease—obstruction
usually incomplete

Bolus obstruction

@® e.g. Impacted faeces (common), foreign bodies or
solitary gallstones (rare), phytobezoar, i.e. a mass of
impacted vegetable matter such as orange pith (very
rare except after partial gastrectomy), trichobezoar
(rare and found only in disturbed people who eat
their own hair over a long period)

Internal hernias
® Causing bowel obstruction

Intussusception

@® i.e. Asegment of bowel becomes telescoped into
the segment distal to it. Usually initiated by a mass
in the bowel wall (e.g. enlargement of lymphatic
tissue or tumour) which is dragged along by
peristalsis; rare in adults but common in children
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onwards, regurgitates into the stomach and is vomited
In contrast, distal large bowel obstruction is often much
more chronic and may be present for a day or two before
the patient seeks treatment.

SYMPTOMS OF INTESTINAL OBSTRUCTION

Symptoms and physical signs are summarised in Box
12.3, p. 180.

Vomiting

Obstruction of the bowel eventually leads to vomiting,
The more proximal the obstruction, the earlier it develops.
Vomiting can occur even if nothing is taken by mouth
because saliva and other gastrointestinal secretions
continue to be produced and enter the stomach. At least
10 litres of fluid are secreted into the gastrointestinal
tract each day. The nature of the vomitus gives important
clues to the level of obstruction. For example, vomiting
of semi-digested food eaten a day or two previously
strongly suggests gastric outlet obstruction, particularly
if there is no bile present. Copious vomiting of bile-
stained fluid suggests upper small bowel obstruction. If
vomitus is thicker and foul-smelling (faeculent), a more
distal obstruction is likely. This change to faeculent
vomiting usually takes place gradually after aboul
24 hours of complete obstruction and is often an indi-
cation for urgent operation. The term faeculent vomiting
is something of a misnomer as it comprises putrefying
altered small bowel contents rather than faeces.

Pain

Fluid and swallowed air proximal to an obstruction,
together with continuing peristalsis, cause pain. The
general area of the pain gives a clue to the embryological
origin of the affected bowel: upper, middle or lower
abdominal pain originates in foregut, midgut or hindgut
respectively. In obstruction, pain is not usually the most
prominent symptom; it is of variable intensity, often
quite mild, and usually colicky as peristalsis attempts to
overcome the obstruction. In the small bowel, peristaltic
action often increases for 2448 hours and often fades
after that,

Constipation

Distal to the obstruction, bowel gas is absorbed and
propulsion of bowel contents is arrested. The resulting
absolute constipation or obstipation, i.e. neither faeces
nor flatus are passed rectally, is pathognomonic of bowel
obstruction. The longer the duration of obstipation, the

more important it becomes in the diagnosis of obstruction.

Effects of the competence of the ileocaecal valve

Symptoms develop more gradually in large bowel
obstruction because of the large capacity of the colon and
caecum and their absorptive activity. If the ileocaecal
valve remains competent, backward flow of accumulating
bowel contents is prevented; the thin-walled caecum
progressively distends with swallowed air and eventually
ruptures. The ileocaecal valve becomes incompetent in
about half of large bowel obstructions, and this allows
the small bowel to distend, delaying the onset of
symptoms. If the ileocaecal valve remains competent,
operation is clearly more urgent.

Incomplete obstruction

[f the bowel is only partially obstructed, the clinical
features are less clearly defined. Vomiting may be inter-
mittent and bowel habit erratic. Chronic incomplete
obstruction leads to gradual hypertrophy of the muscle
of the bowel wall proximally. Peristaltic activity in this
hypertrophic muscle is responsible for the bouts of
colicky pain which are more prominent than those found
in complete obstruction. The pain is often accompanied
by visible peristalsis, which is the hallmark of in-
complete obstruction. The most common cause is a
slowly progressive obstructing colonic cancer. Note that
incomplete obstruction should not be called subacute
obstruction as the term is misleading.

PHYSICAL SIGNS OF INTESTINAL OBSTRUCTION

Vomiting, diminished fluid intake and sequestration of
fluid in the small bowel commonly lead to dehydration.
This is manifest clinically by extreme dryness of the
mouth and characteristic loss of skin turgor and elasticity.
Gas-filled loops of bowel proximal to the obstruction
produce gaseous abdominal distension; the more distal
the obstruction, the greater the distension. Episodes of
visible peristalsis may be observed in thin patients in
whom the obstruction is incomplete and of long duration.
General examination may reveal signs of anaemia or
lymphadenopathy attributable to the primary disorder.
The most striking feature on abdominal palpation is
the lack of tenderness; the exception is when strangu-
lation has occurred. Obstruction with tenderness must
be diagnosed as strangulation, necessitating urgent oper-
ation after fluid resuscitation. An obstructing abdominal
mass may be palpable if large. The groins must always
be examined for hernias. An obstructed femoral hernia
rarely causes local symptoms but instead produces
symptoms and signs of small bowel obstruction. A
strangulated femoral hernia is often no bigger than a
large grape and is rarely red or tender; consequently, it is
easily missed if not specifically sought. This is a clinical




point of particular importance—an obstruction due to an
irreducible hernia will not settle with the usual con-
servative treatment.

On percussion, the centre of the abdomen tends to be
resonant and the periphery dull because bowel gas rises
to the most elevated point; this may be difficult to
distinguish from ascites.

Bowel sounds in obstruction are traditionally described
as being loud and frequent, high-pitched and tinkling;
nevertheless, in practice, obstructed bowel sounds may
or may not be increased. They have an echoing,
cavernous quality or can sound like the gentle lapping of
water against a boat. This is due to fluid sloshing about
in distended, gas-filled loops of bowel. A succussion
splash, heard on gently shaking the patient’s abdomen
from side to side may add weight to the clinical diagnosis
of obstruction.

INVESTIGATION OF SUSPECTED BOWEL
OBSTRUCTION

The most useful investigation is a plain abdominal X-ray
(see Fig.12.1). This is usually performed in both erect and
supine positions, although the need for an erect film is
doubted by some radiologists and clinicians. Bowel
proximal to the obstruction is distended by gas. Bowel
gas is absent beyond the obstruction but some rectal gas
may be seen if a digital examination has been performed.
The pattern and distribution of gas often indicates the
approximate site of obstruction. Fluid levels may be seen
in small bowel obstruction on an erect film. In some
atypical cases, a small bowel series using orally
administered water-soluble contrast may show a clearly
defined obstruction. It will seldom diagnose the cause,
but may demonstrate that the patient is obstructed.

When large bowel obstruction occurs at any point
distal to the caecum and the ileocaecal valve remains
competent, the caecum and ascending colon, being less
muscular, take the brunt of the distension. When the
radiological diameter of the caecum reaches 12 cm, it is
considered to be in imminent danger of rupture, and
therefore needs urgent operation. In large bowel obstruc-
tion of less acute onset, an unprepared barium enema is
helpful to demonstrate the site and nature of the obstruc-
tion (including sigmoid volvulus) and to distinguish
mechanical obstruction from pseudo-obstruction (see
below).

ADYNAMIC BOWEL OBSTRUCTION

Temporary disruption of normal peristaltic activity
without mechanical blockage causes adynamic bowel
obstruction. Most commonly it occurs after abdominal
surgery in which the bowel has been handled. Small
bowel is particularly susceptible and the condition is
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known as ileus or paralytic ileus. Normal postoperative
ileus should not persist for more than about 4 days. It is
one of the reasons why fluids and solids are usually
introduced gradually after abdominal surgery. Persisting
postoperative ‘ileus’ is usually due to a complication
of surgery such as anastomotic leakage or an intra-
abdominal abscess, both of which have adverse local
effects upon bowel wall function.

Occasionally, electrolyte disturbances like hypo-
kalaemia or the use of anti-Parkinsonian drugs are
responsible for adynamic obstruction. The condition is
also common in patients admitted to intensive care,
particularly the multiply-injured.

Pseudo-obstruction of the colon

A form of adynamic obstruction peculiar to the large
bowel is called pseudo-obstruction, and is caused by a
wide range of apparently unrelated conditions which
compromise bowel peristalsis. These include retro-
peritoneal inflammation or haemorrhage, neurological
illnesses, certain drugs (e.g. anticholinergics), pregnancy,
orthopaedic injuries and surgery, particularly in the
elderly, and prolonged recumbency.

Physical signs are similar to those of mechanical
obstruction except that bowel sounds are not of the
obstructed type or may be inaudible. The diagnosis of
pseudo-obstruction is based on the clinical findings and
confirmed if no mechanical obstruction is found on
‘instant’, i.e. unprepared, barium enema.

PRINCIPLES OF MANAGEMENT OF INTESTINAL
OBSTRUCTION

Once intestinal obstruction has been recognised and the
approximate level of obstruction identified, management

proceeds as follows:

@® Resuscitation is an essential first step (see Ch. 2,
p- 29). Oral intake is discontinued and intravenous
fluids are given, the volume and type of fluid
depending on the state of hydration, the duration of
the obstruction and serum electrolyte abnormalities.
After prolonged vomiting, patients may be seriously
depleted of fluid and electrolytes

® If the patient is vomiting or there is marked small
bowel dilatation, a nasogastric tube is passed and the
gastric contents are aspirated. This will control nausea
and vomiting, remove swallowed air and reduce
gaseous distension. Most importantly, it will minimise
the risk of inhalation of gastric contents, particularly
during induction of general anaesthesia

® At least two-thirds of uncomplicated cases of

obstruction are due to adhesions and will usually
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resolve with conservative measures. Those that
resolve will not usually require operation later

Large bowel obstruction due to faecal impaction can
be relieved by enemas or manual removal of faeces
Adynamic bowel obstruction in most cases eventually
resolves with conservative measures and removal of
any precipitating cause. Neostigmine is the treatment
of choice for those failing to respond to conservative
measures

Operation may be required to relieve the obstruction.
Provided strangulation can be excluded and the
caecum is not dangerously distended, operation can
safely be deferred for a day or two. Nevertheless, few
obstructions that have not settled with 48 hours of
adequate conservative treatment will resolve without
intervention. This interval gives time for the patient to

(a)

be resuscitated and for any desirable investigations.
The obstruction may settle during this period of
conservative management, particularly if caused by
adhesions from previous surgery

® At operation the cause of the obstruction is confirmed
and dealt with appropriately (see Fig. 12.2)

BOWEL STRANGULATION
PATHOPHYSIOLOGY OF BOWEL STRANGULATION

Strangulation occurs when a segment of bowel becomes
trapped so that its lumen becomes obstructed and its
blood supply compromised. If unrelieved, this progresses
to infarction and eventually perforation. Strangulation
can occur when there is an external hernia, when loops
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Fig. 12.1 Radiological appearances of obstructed bowel
(a) Plain abdominal film showing gastric outlet obstruction. The stomach is grossly distended with food, giving a typical mottled appearance over
the whole left side of the abdomen. Bowel gas distal to the abstruction has been absorbed or expelled and so the rest of the abdomen is
relatively gas-free. (b) Supine abdominal film showing mid small bowsa| obstruction, Dilated small bowel fills the upper left quadrant and centre of
the abdomen, and can be identified by the plicae circulares (valvulae conniventes) P which extend across the whole width of the lumen. Distal
small bowel is collapsed and is not seen on this film. The large bowel is also collapsed distal to the obstruction, with only a small amount of gas
seen in the sigmoid colon S; there is faecal loading of the ascending colon F. Note also the metallic tip of the nasogastric tube and the incidental
radiopaque gallstone. (c) Erect film from the same patient as in (b), showing multiple loops of dilated small bowel and multiple fluid levels
(arrowed). (d) Supine abdominal X-ray in a middle-aged man with several days of small bowel obstruction due to adhesions. The abdomen is
filled with grossly dilated small bowel loops. In addition, the small bowel wall is thickened, as shown by the apparent space between loops of
bowel (arrowed); this is a characteristic feature of prolonged obstructon. (e) ‘Instant’ barium enema on the same patient as (d), showing contrast
filling the normal colon Co and distal ileum | which abruptly terminatas at the obstruction (arrowed). (f) Supine film showing gross caecal
dilatation (outline arrowed) with loss of haustration. It can be deduced that the colon is obstructed near the splenic flexure because the transverse
colon T is also dilated with gas whilst there is complete absence of cclonic gas down the left side of the abdomen in the position of the
cending and sigmoid colon. Gross caecal dilatation occurs in large bowel obstruction when the ileocaecal valve remains competent. In this
vn by the presence of gas G in the extra-peritoneal tissues. (g) Erect film of the same patient as in (f)
showing gas in the caecal wall (arrowed); this indicates necrosis. Note also the long fluid level in the transverse colon T. This patient was an

yatient, the caecum has perforated, as sho
f I b

elderly man with an obstructing carcinoma at the splenic flexure. (h) 2lain supine abdominal X-ray of another elderly man, also with an
obstructing carcinoma at the splenic flexure. In this patient, the ileoczecal valve has become incompetent. Note the dilated transverse colon T and
the multiple dilated loops of small bowel SB in the centre of the abdomen
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of bowel become trapped within the abdominal cavity or
when there is mass rotation of bowel (volvulus).

The process of strangulation begins with partial
obstruction of the bowel due to external pressure or
twisting. This leads to oedema of the bowel wall which
aggravates the obstruction; venous return is initially
obstructed. The closed loop of bowel becomes pro-
gressively dilated by gas from fermentation. The
combination of gas pressure and venous back pressure
progressively inhibits arterial inflow, causing ischaemia
and then infarction.

Strangulation most commonly occurs when small
bowel is caught within a hernia (inguinal, femoral,
umbilical or incisional). The bowel undergoes necrosis
and soon perforates within the hernial sac; this may be
contained initially but generalised peritonitis usually
ensues. Clinically, the patient first develops symptoms
and signs of small bowel obstruction. A newly irreducible
hernia can usually be found and this is likely to be
tender and inflamed. However, a strangulated femoral
hernia is a trap for the unwary. As indicated earlier, these
are often deceptively small and non-tender and will be
missed unless the groins are carefully examined.

Bowel may also become strangulated within the
abdominal cavity if a loop becomes trapped by fibrous
bands or adhesions or passes through an omental or
mesenteric defect. Similarly, strangulation occurs if a
large loop of bowel becomes twisted several times on its
mesentery, a condition known as volvulus (see Ch. 22).
Small bowel volvulus is rare but the sigmoid colon (or
sometimes the caecum) is particularly susceptible to
volvulus should it become excessively distended; this is
most commonly seen in elderly patients with chronic
constipation and in countries where the staple diet is
extremely high in fibre.

SYMPTOMS AND SIGNS OF BOWEL STRANGULATION

Intra-abdominal strangulation causes the usual symptoms
and signs of bowel obstruction (see Box 12.3) but these

are accompanied by abdominal tenderness which is not

Abdominal incision

Collapsed bowel distal to
obstruction

Bruised area at site of
obstruction

Dilated bowel proxim

alto g; % ofi §
obatriction Fig. 12.2 Findings at operation for

simple band obstruction of small
bowel

SUMMARY

Box 12.3 Clinical features of bowel obstruction

and strangulation

Symptoms

@ Vomiting—time of onset and nature of the vomitus
suggests the level of obstruction

® Abdominal pain—usually colicky in character, often
mild in uncomplicated obstruction and more severe
in strangulation

® Absolute constipation or obstipation (i.e. no flatus or
faeces passed rectally)—pathognomonic of complete
obstruction (but not present in partial obstruction)

Physical signs

® Dehydration—caused by vomiting, lack of fluid
intake and fluid sequestration

® Abdominal distension—due to gas-filled loops of
bowel. The more distal the obstruction, the greater
the distension

® Visible peristalsis—uncommon finding; usually
encountered in a very thin patient with prolonged
distal small bowel obstruction which is incomplete

@ Central resonance to percussion with dullness in the
flanks—gas within dilated bowel loops rising to the
uppermost point in the abdomen

® Abdominal tenderness—important feature
distinguishing bowel strangulation from
uncomplicated obstruction

® Abnormal bowel sounds—exaggerated, lapping,
sloshing, perhaps high-pitched or tinkling. Bowel
sounds are absent or normal in adynamic obstruction

a feature of uncomplicated bowel obstruction. The
tenderness is probably due to distension of the closed
loop. When compared with those with uncomplicated
obstruction, patients with strangulation are systemically
more unwell with a tachycardia and a leucocytosis. Pain
increases over time and the pulse progressively rises. At
this point, conservative treatment must be abandoned.




PRINCIPLES OF MANAGEMENT OF SUSPECTED
BOWEL STRANGULATION

When strangulation is diagnosed or even suspected,
operation must be performed urgently (after rapid fluid
resuscitation) to try to prevent infarction and perforation
(see Fig. 12.3). The patient is otherwise managed as for
uncomplicated obstruction. Specific investigations are
limited to plain abdominal X-ray in which a single
dilated, gas-filled strangulated loop may be prominent.
There are no other investigations to help diagnose bowel
strangulation, which is a clinical diagnosis best confirmed
at laparotomy.

PERITONITIS

PATHOPHYSIOLOGY AND CLINICAL FEATURES OF
PERITONITIS

Peritonitis is defined as inflammation of the peritoneal
cavity. This includes the serosal coverings of the bowel
and mesentery, the omentum and the lining of the
abdominal cavity. At the outset, peritoneal inflammation
is often localised and the affected area contained by a
wrapping of omentum, adjacent bowel and fibrinous
adhesions. This may, however, be insufficient to prevent
spread, and generalised peritonitis results. Sudden
perforation of any viscus almost invariably leads to life-
threatening generalised peritonitis.

Localised peritonitis occurs in the vicinity of any
primary intra-abdominal inflammatory process. Appen-
dicitis is a typical example. Once the parietal peritoneum
becomes involved, pain becomes localised to the affected
area and is exacerbated by movement of the abdominal
musculature. The area is tender to palpation and there is
contraction of the overlying abdominal wall muscles
when examination is attempted. This sign is known as
guarding. If the palpating hand is quickly removed, the
sudden movement of the peritoneum causes intense pain
which is described as rebound tenderness. However,
this test is unkind and its diagnostic value overstated.
Rebound tenderness is better elicited by gentle per-
cussion and can often be inferred from the history.
Hospital ‘speed humpw" thus may perlhrm an important
diagnostic role! Rectal examination should always be
performed as anterior tenderness can be a sign of pelvic
peritonitis. Localised peritonitis is usually accompanied
by mild systemic ‘toxicity’, i.e. low-grade fever, malaise,
t‘k'h_\'(.lr’did and Il'll\'l‘t'_\.'lu‘-.ih.

With generalised peritonitis, the patient is seriously
ill. There is massive exudation of inflammatory fluid into
the peritoneal cavity causing hypovolaemia. This is often
compounded by toxaemia from absorbed products and
sepsis if infection is present. The severity of the systemic
illness depends on the cause of the peritonitis and is
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Fig. 12.3 Necrotic bowel after strangulation
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most severe when there is widespread contamination by
faeces, pus or infected bile. Peritonitis is less severe
when infection is absent (e.g. perforated duodenal ulcer
in its early stages).

On examination in generalised peritonitis, the abdomen
is rigid and tender and bowel sounds are absent because
of peristaltic paralysis. Rectal examination provides a
means of direct palpation of the pelvic peritoneum and
will usually reveal anterior tenderness. This is a most
important sign and is strong evidence of peritonitis.

There is no specific investigation which will confirm
the diagnosis but plain abdominal X-ray may provide
additional clues as to the cause. It is unkind and un-
necessary, however, to subject a patient to abdominal
X-rays if a decision has already been taken to perform an
emergency laparotomy.

The causes of peritonitis are summarised in Box 12.4.

INTRA-ABDOMINAL HAEMORRHAGE

Blood may enter the abdominal cavity from a variety of
sources including ruptured ectopic pregnancy, leaking
aortic aneurysm or blunt trauma, especially to the liver
and spleen. Blood in the abdominal cavity causes
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KEY POINTS
Box 12.4 Causes of peritonitis
Localised peritonitis
® Transmural inflammation of bowel, e.g. appendicitis,
Crohn's disease, diverticulitis
® Transmural inflammation of other viscera, e.g.
cholecystitis, salpingitis

Generalised peritonitis

@ |[rritation of the peritoneum by noxious materials,
e.g. bile, stomach or small bowel contents (due to
perforation), enzyme-containing exudates of acute
pancreatitis

@ Spreading intraperitoneal infection, e.g. rupture of
intra-abdominal abscess or faecal contamination due
to bowel perforation, trauma, surgical spillage or
anastomotic leak

moderate peritoneal irritation and symptoms similar to
peritonitis, but often more muted. Distinguishing between
the two is usually not difficult because the history and
other symptoms and signs give enough clues. In an
unstable patient with obvious intraperitoneal bleeding,
this is best diagnosed and managed at laparotomy. In the
less urgent situation, intra-abdominal bleeding may be
confirmed by computed tomography or ultrasound scan,
or peritoneal lavage which involves instillation of saline
via a peritoneal cannula; retrieval of blood-stained fluid

is diagnostic.

PRINCIPLES OF MANAGEMENT OF PERITONITIS

Local peritonitis is treated according to the diagnosis. For
example, appendicitis requires appendicectomy whilst
acute diverticulitis and salpingitis are usually managed
with antibiotics.

With generalised peritonitis, the patient is at risk of
death from toxaemia or septic shock. As soon as the
diagnosis is made, high doses of antibiotics are given
intravenously. With the exception of acute pancreatitis,
generalised peritonitis requires urgent lapnrutmn_\- to
discover the cause and to clear the contaminating
material (peritoneal toilet).

INTRA-ABDOMINAL ABSCESS

PATHOPHYSIOLOGY AND CLINICAL FEATURES OF
INTRA-ABDOMINAL ABSCESS

There are two common causes of intra-abdominal
abscess. The first occurs after bowel perforation, when
omentum and adjacent gut attempt to wall off the defect.

The second is a complication of bowel surgery where

there has been localised faecal contamination or an
anastomotic leak. Appendiceal perforation may cause a
local abscess or one which tracks down into the pelvis.
Diverticular disease often causes a pericolic abscess
or complex inflammatory mass, particularly in the
rectosigmoid area or pelvis, Less commonly, perforation
of a colonic tumour results in a pericolic abscess. Gall
bladder perforation is rare and occasionally results in a
right-sided subphrenic abscess. Finally, perforation of
an ulcer in the posterior wall of the stomach may produce
a lesser sac abscess.

With intra-abdominal abscess, abdominal pain is
usually continuous rather than colicky and tends to
increase inexorably. Local bowel irritation may cause
diarrhoea or adynamic obstruction. A swinging pyrexia
(see Ch. 1) is an important sign which points to the
diagnosis. There is usually a marked leucocytosis. The
patient is otherwise relatively well, except with a post-
operative abscess, where there is a degree of toxaemia or
even septicaemia. There may be a palpable abdominal
inflammatory mass which most commonly originates
with appendicitis or acute diverticular disease. Rectal
examination may reveal a hot, tender mass (a pelvic
abscess), displacing the rectum backwards—a classic
patient.
patients usually complain of diarrhoea due to inflam-

finding in the pmt—.ippcndicr-(h:nn_\ I'hese
mation close to the rectum.

Ultrasound of the abdomen and pelvis is most useful
in demonstrating the site and size of an abscess and
drainage may be possible under ultrasound control.
CT scanning may also be useful. When an abscess is
suspected but cannot be demonstrated, radioisotope
scanning, using the patient’s own radionuclide-labelled
white cells may be helpful (see Fig. 12.4).

PRINCIPLES OF MANAGEMENT OF AN INTRA-
ABDOMINAL ABSCESS

With a pelvic abscess in a patient who is otherwise well,
there is usually no advantage in antibiotic treatment or
attempting to drain the abscess because, given time, the
abscess will usually drain spontaneously and safely into
the rectum. Discharge of the abscess is recognised when
the patient passes pus and blood per rectum; this is
followed by resolution of the fever and healing.

Small subphrenic abscesses may also resolve without
intervention but larger subphrenic abscesses can usually
be drained percutaneously under ultrasound control.
Many intra-abdominal abscesses can be successfully dealt
with using percutaneous drainage, but these methods
deal only with the abscess and not the underlying cause.
Laparatomy may be required in some cases to deal with
an intra-abdominal abscess, particularly if the under-
lying cause needs to be treated or if it is technically unsuit-
able for percutaneous drainage.




Fig. 12.4 Radioisotope scan showing a large pelvic abscess
Radionuclide scan of a 47-year-old woman who presemed with lower
abdominal tenderness and a swinging pyrexia. The patient’s

leucocytes were labelled with a radionuclide. This scan shows a large
pelvic abscess P, shown later to be due to diverticular perforation
Note also the radioisotope uptake by the spleen S, liver L and bone

marrow B, which is a normal feature of such scans.

PERFORATION OF AN ABDOMINAL
VISCUS

PATHOPHYSIOLOGY AND CLINICAL FEATURES OF
PERFORATION

Disease in any hollow abdominal viscus may be compli-
cated by perforation into the peritoneal cavity. The
common sites of perforation are stomach and duodenum
(from peptic ulcer), sigmoid colon (from diverticular
disease) and the appendix (from acute appendicitis). The
symptoms and signs of a perforated viscus depend on
the nature of its contents, the volume of spillage and the
effectiveness of the local defences.

A small perforation may be immediately walled off by
omentum and nearby bowel, but a local abscess will then
develop. In this case, symptoms and signs are often
grumbling and rather non-specific at first but subsequently
develop into those typical of an intra-abdominal abscess.
A common example of this is appendicitis in adults. A
small diverticular perforation without faecal spillage
may cause localised peritonitis which may even resolve
spontaneously. At the opposite extreme, a large colonic
perfora’nliun due to a stercoral tear from severe mnslipalinn
causes sudden overwhelming faecal peritonitis, which is

The acute abdomen and acute gastrointestinal haemorrhage

often fatal despite treatment. A perforated peptic ulcer
causes marked abdominal signs of peritonitis but little
initial systemic upset. This is because the fluid spilled is
usually sterile. Acute cholecystitis sometimes perforates.

Perforation is essentially a clinical diagnosis but can
usually be confirmed by the presence of free gas in the
peritoneal cavity on plain X-ray. This can usually be seen
as a radiolucent line beneath one or both hemidiaphragms
on an erect chest film (see Fig. 12.5) or on a lateral
decubitus film of the abdomen. Radiology does not
always demonstrate free gas when there is a perforation;
if X-rays fail to support the clinical diagnosis, action
should be based on the clinical diagnosis. In the case of
perforated appendicitis, free gas is very rarely seen.
Large amounts of gas are typically seen with perforated
duodenal ulcers and colonoscopic perforations. Less gas
is seen with other colonic perforations.

PRINCIPLES OF MANAGEMENT OF PERFORATION

Perforation is a surgical emergency. Most cases require
urgent laparotomy to repair the defect or resect the
segment of diseased bowel. Duodenal ulcer perforations
can be plugged with omentum or closed by suture. This
may be accomplished at open surgery or laparoscopically.
In large bowel perforations, a Hartmann’s procedure,
which leaves a temporary colostomy (see Ch. 20, p. 274),
is frequently required because healing of an anastomosis
may be impaired if there has been peritoneal con-
tamination. Occasionally, conservative management is
appropriate where there are few clinical signs: for
example, perforation following colonoscopy. In the
elderly, perforated duodenal ulcers may be managed
conservatively using restriction of oral fluids, acid
suppression and antibiotics; however, the outcome is un-
predictable and the approach is not to be recommended
if the patient is fit for surgery.

ACUTE BOWEL ISCHAEMIA

PATHOPHYSIOLOGY AND CLINICAL FEATURES OF
INTESTINAL ISCHAEMIA

Occlusion of the superior mesenteric artery may lead
to acute ischaemia of the primitive midgut-derived
structures, ie. jejunum, ileum and right colon (see
Fig. 12.6). This causes massive infarction and later, fatal
perforation. There are two fairly distinct types of acute
superior mesenteric occlusion. The first is embolism,
which originates from left atrial thrombus in atrial
fibrillation or from left ventricular wall thrombus after
recent myocardial infarction. Secondly, thrombosis of
the artery may occur. This is usually a terminal event in
gross low output cardiac failure or secondary to athero-
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Fig. 12.5 Free perforation of an abdominal viscus shown on plain chest X-rays

(a) Erect chest X-ray from a man of 60 with a perforated sigmoid diverticulum who presented with a sudden onset of severe abdominal pain. The
film shows large radiolucent gas shadows G under each hemidiaphragm, Fortunately in this case, no faeces entered the peritoneum and the
patient did not suffer shock or peritonitis. (b) Similar view to (a) from a different patient, showing a smaller pneumoperitoneum G beneath the
right hemidiaphragm. (c) Free gas under the diaphragm. This 22-year-old man presented with a 48-hour history of abdominal pain, initially central
but latterly it had moved to the right iliac fossa (RIF). Clinically he had tenderness and rebound in the RIF. This erect chest X-ray shows free gas
beneath both sides of the diaphragm indicating perforated bowel. Unusually, in this case it was due to a perforated appendicitis.

sclerotic stenosis; thrombosis takes place more readily if
the mesenteric vessels are already atherosclerotic. The
vulnerability of the superior mesenteric artery is poorly
understood as is the sparing of the coeliac and inferior
mesenteric territories. It probably relates to the nature of
the collateral blood supply.

Acute bowel ischaemia can be a difficult diagnosis to
make because of the lack of specific clinical features and
diagnostic tests. The severity of abdominal symptoms
and signs often gives no clue to the catastrophe within.
There may be diffuse tenderness, abdominal distension
and absent bowel sounds. Typically, there is a dispro-
portionate degree of cardiovascular collapse or shock.
Diagnosis depends therefore on clinical suspicion. In the
late stages, gas may appear within the bowel wall and be
visible on plain abdominal X-ray; by this time surgery is
unlikely to be successful.

Some cases of intestinal infarction are due to portal
vein thrombosis. The cause may be a prothrombotic
disorder but is often idiopathic. In these patients, the
infarction is often patchy and localised resections may
allow some patients to survive.

PRINCIPLES OF MANAGEMENT OF INTESTINAL
ISCHAEMIA

If intestinal ischaemia is suspected, laparotomy must be
performed urgently unless it is clearly going to be fruit-
less. It is occasionally possible to restore the mesenteric
arterial supply by embolectomy or vascular bypass
before the bowel If the
segment is not too extensive and the rest of the bowel

becomes necrotic. infarcted
looks healthy, resection gives a reasonable chance of

recovery and an adequate amount of bowel to sustain




Fig. 12.6 Intestinal ischaemia

This 68-year-old woman with atrial fibrillation presented with collapse
but only moderate abdominal pain. The patient had embaolised her
superior mesenteric artery (acute SMA ocdlusion) which supplies the

embryological midgut-derived structures. The whole of her small

bowel and the right hall of her colon were necrotic but the left half of
the colon was intact. This film shows the typical gross thickening of
small bowel folds O caused by swelling from cedema and intramural
haemorrhage

nutrition. In nearly half the cases, however, the extent of
necrosis is so great that resection is unrealistic and the
patient should be allowed to die with as little interference
as possible. In a few patients with arterial or venous
infarction, resection and small bowel transplantation
may be appropriate later.

Examination and investigation of the acute abdomen are
summarised in Boxes 12.5 and 12.6.

MAJOR GASTROINTESTINAL
HAEMORRHAGE

PATHOPHYSIOLOGY AND CLINICAL FEATURES OF
GASTROINTESTINAL HAEMORRHAGE

Major gastrointestinal haemorrhage presents either as
vomiting of blood or passage of frank or altered blood
rectally. Vomited blood (haematemesis) may be fresh or
partly digested. In the latter case, it is dark in colour and
may have the typical appearance of ‘coffee grounds'.
Haematemesis usually indicates bleeding from the
oesophagus or stomach but may indicate bleeding from
the duodenum.

The acute abdomen and acute gastrointestinal haemorrhage

SUMMARY

Box 12.5 Special points to note in examining a

patient with an acute abdomen

General examination

® General demeanour, alertness and state of
consciousness

@ Posture and movement

State of hydration, skin colour (anaemia or cyanosis),

perfusion and sweating

Temperature

Pulse (rate, character and regularity)

Blood pressure

Respiratory pattern and rate, breath sounds on

auscultation

Abdominal examination
® Inspection
— distension, visible peristalsis, previous operation
scars, obvious hernias, abdomiral movement with
respiration
— always inspect the loins and back
® Palpation and percussion
— tenderness, guarding, rigidity, rebound
tenderness, pain on percussion
— free fluid, succussion splash
— groins, hernias and their reducibility, external
genitalia
— abdominal masses (including full bladder)
— abnormal pulsation (aneurysm)
® Auscultation
— bowel sounds, mesenteric arterial bruits
® Rectal examination (and vaginal examination if
appropriate)
— inspection of anal margin
— peritoneal tenderness (unilateral tenderness may
be an inflamed Fallopian tube)
— lesions in the bowel wall, pelvic lesions
— stool colour and consistency, blood
— prostate size and consistency

Blood loss beyond the duodenum will usually be
passed rectally. The extent to which it is altered by
digestion and the degree of mixing with the stool are
useful indicators of its level of origin (described in
Ch. 11, p. 151). Upper gastrointestinal bleeding is often
manifest by melaena. This is the passage of loose, black,

tarry stools with a characteristic foul smell. With upper
gastrointestinal bleeding proximal to the duodeno-
jejunal (D]) flexure at the ligament of Treitz, hae-
matemesis or melaena or both can occur. Haematemesis
is more likely if the bleeding is rapid. The main causes of
major gastrointestinal haemorrhage are summarised in
Figure 12.7 and Table 12,2, p. 187,

ch
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Section KEY POINTS

3 Box 12.6 Investigation of the acute abdomen

Blood tests

® Haemoglobin
— may be normal immediately after an acute bleed
— low haemoglobin concentration may represent chronic anaemia due to occult blood loss rather than acute

haemorrhage

® White blood count—leucocytosis is non-specific and rarely of much diagnostic value

® C-reactive protein
— a non-specific indicator of inflammatory activation
— confirms organic illness if elevated

@ Plasma amylase—whenever pancreatitis cannot be excluded

® Urea and electrolytes—indicated in vomiting and diarrhoea, dehydration, poor urine output, diuretic therapy, urinary
tract disease, known or suspected renal failure, pancreatitis and sepsis

® Glucose—for diabetics or those with glycosuria (beware of hyperglycaemia due to acute stress and steroid therapy)

® Blood group and ordering of blood for transfusion—for anaemic patients, major haemorrhage or when major surgery
is contemplated

@ Liver function tests and calcium estimation—for pancreatitis and acute biliary disease

@ Clotting studies—for acute pancreatitis and septicaemia (disseminated intravascular coagulation), severe bleeding
(consumption coagulopathy) or those with a history of bleeding disorders

Urine tests

® Ward ('stick’) testing—for blood, protein, bile, glucose, nitrites and white cells
® Microscopy—for red and white blood cells, organisms

® Culture and sensitivity—suspected urinary tract infections

@ Strain urine for stones—in ureteric colic

Radiology
® Chest X-ray
— cardiovascular disease or abnormality, e.g. hypertension, cardiac failure
— chest disease
— suspected visceral perforation (gas under diaphragm)
® Plain abdominal X-rays (supine plus erect or decubitus)
— bowel (gas pattern and dilatation, fluid levels, gas in the wall, faeces and faecoliths)
— urinary tract (kidney size and position, calculi)
— biliary tract (gallstones, gas in biliary tree in gallstone ileus)
— aortic calcification (aneurysm)
— psoas shadows (obscured by retroperitoneal inflammation or haemorrhage)
® Contrast radiology
— ‘instant’ barium enema in colonic obstruction or acute colitis
— emergency intravenous urography in ureteric colic

MANAGEMENT OF UPPER GASTROINTESTINAL
HAEMORRHAGE

a very real danger of rebleeding in high-risk patients
during a hospital stay (about 50%) and a combined

ois s management policy has been shown to reduce mortality
Initial management and resuscitation : X - .
for all cases of upper gastrointestinal haemorrhage from
Any patient presenting with severe upper gastrointestinal 10% to about 2%.
haemorrhage is at risk of death from hypovolaemic

shock initially or as a result of rebleeding. Hospitals
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should ideally have clearly written and agreed protocols
for combined medical and surgical management of
upper gastrointestinal haemorrhage so that patients do
not ‘slip through the net’” and perish by default. There is

Clinical history, examination and investigation

More than two-thirds of patients presenting with upper
gastrointestinal haemorrhage nowadays are over 60 years

and one-third of these have a history of taking aspirin
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HAEMATEMESIS AND/OR MALAENA Ch

Common causes Uncommon causes 1

Oesophageal varices

Mallory-Weiss

Gastric ulcer —— —% oesophageal tears

Gastric erosions
Duodenal ulcer —£

Polyps or carcinoma of colon— — Acute ulcerative colitis
Small bowel tumours
Ishaemic colitis - — i
It -Small bowel angiodysplasia

Diverticular disease ——————— ——— Calonic angiodysplasia

Haemorrhoids

RECTAL BLEEDING OR BLOODY DIARRHOEA Fig. 12.7 Causes of gastrointestinal
haemorrhage

Table 12.2 Causes of acute gastrointestinal haemorrhage

Pathology Clinical features Frequency

Oesophageal varices Ha 3ena Uncommon

Mallory-Weiss oesophageal tears s or altered blood per rectum Uncom

Chronic gastric and duodenal ulcers, nesis and/or melaena Very common

acute gastric ulcers or erosions

Stress ulcers Uncommon

Malignant small bowel tumours Altered blood per rectum Rare

Angiodysplasias of small bowel Altered blood per rectum Rare

Diverticular disease Fresh rectal bleeding Common

Ischaemic colitis Abdominal pain then fairly fresh rectal bleeding Fairly common

Angiodysplasias of colon Pattern of bleeding depends on location Fairly common and increasingly

within colon recognised with the rise in colonoscopy

Acute or fulminant ulcerative colitis Bloody diarrhoea Uncommon

Haemorrhoids, rectal polyps and Fresh rectal bleeding but rarely in large quantities Common

carcinomas
or other non-steroidal anti-inflammatory drugs. Other [he volume of blood said to have been vomited or
specific details of the history may be relevant. These passed per rectum is unreliable as a measure of blood
include alcohol consumption, previous peptic ulceration loss because a great deal may remain in the bowel. It is
or gastric surgery, or a history of cirrhosis and variceal therefore essential initially to obtain good venous access
haemorrhage. and perform a full blood count, urea and electrolytes and

Abdominal examination is usually unremarkable but prothrombin and liver function tests, to send blood for

general examination may show signs of chronic liver grouping and antibody screen (or cross-matching), and
disease suggesting possible gastro-oesophageal varices. to order blood for transfusion in high-risk cases (see
Rectal examination may reveal melaena stool or altered below). ECG and chest X-rays are useful in patients
blood and this can be helpful if the history of haema- over 65 years or with cardiorespiratory disease. The
temesis has not been substantiated, e.g. ‘coffee-ground’ patient should be made ready for theatre at a moment’s

| vomil not seen by a doctor. notice, rather than laboratories being chased for results 18
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or blood for transfusion when the patient suddenly
deteriorates!

Stratification of risk

Patients with acute upper gastrointestinal haemorrhage
should be stratified clinically into a low-risk group
(non-life-threatening) and a high-risk group (where
continued bleeding or likely rebleeding is potentially
life-threatening). This stratification is based on age, the
presence of shock, the haemoglobin concentration and
the presence of complicating disease (see Fig. 12.8).
Stratification will determine the priorities of manage-
ment and enable concentration of resources on those
who really need it. Further risk factors may be found at
endoscopy (see below).

[tis vital that patients with signs of shock are monitored
and resuscitated thoroughly; the rate and volume of
intravenous fluid replacement (whether plasma expanders
or blood) is adjusted against the responses of pulse rate,
blood pressure, central venous pressure and hourly urine
output,

Endoscopic management of acute upper
gastrointestinal haemorrhage

Clinically high-risk patients should be assessed early by
a surgical team, even if admitted under the care of a

HIGH RISK

If any of the following are present:
* Age 60 or more
* Presence of shock—systolic pressure less than 100
mmHg or diastolic pressure falls on sitting or standing
* Haemoglobin less than 10G
* Severe intercurrent disease
(liver disease and suspected variceal haemorrhage,

jaundice, cardiovascular, respiratory or renal)

Admit to high dependency ward
Restore blood volume
Consider monitoring central venous pressure

Inform consultant physician and consultant surgeon

Observe for continued bleeding or rebleeding
(overt haemorrhage, fall in systolic blood pressure, rise
in pulse rate, fall in central venous pressure)

Only sips of water until endoscopy,
within 12 hours of initial bleed

gastroenterologist or physician. Ideally, the same surgical
team should remain responsible for that patient until
recovery. This continuity of surgical care ensures that
a decision to operate can be made without delay if
conservative management fails.

All patients with upper gastrointestinal haemorrhage
require endoscopy to determine the site and activity of
bleeding, to diagnose oesophageal varices and to deter-
mine suitability for endoscopic treatment. Endoscopy
also assists the surgeon in locating the source if surgery
becomes necessary, Urgent endoscopy, within 12 hours
of the first bleed, should be performed in clinically high-
risk patients; all others should be endoscoped on the
next available list, but ideally within 24 hours. This gives
the best chance of locating the source of bleeding.

Unexpected endoscopic features may also place
apparently low-risk patients in a high-risk category.
These are:

® Active spurting from an artery in an ulcer bed.
Endotherapy by gastroscopic injection of adrenaline
or an adrenaline/sclerosant mixture should be
attempted; there is a 25-40% rebleed rate necessitating
surgery even in expert hands and the patient must be
closely monitored

® A visible elevated vessel or protruding adherent clot
(Dieulafoy lesion). These lesions double the above
risk of rebleeding. If the patient is also hypotensive,
the risk of rebleeding is 80%

LOW RISK

If all of the following are present:
* Age less than 60
* No evidence of hypovolaemia
* Haemoglobin greater than 10G
* Previously fit

Admit to general ward
Allow fluids by mouth on first day and food thereafter

Observe for continued bleeding or rebleeding
(overt haemorrhage, fall in systolic blood pressure, rise
in pulse rate, fall in central venous pressure)

Arrange endoscopy on next elective list

Discharge within 5 days if no further bleeding

Fig. 12.8 Risk stratification in the management of acute upper gastrointestinal haemorrhage




® Bleeding gastro-oesophageal varices. Mortality is
30%. Immediate treatment is required with
endoluminal rubber band ligation or injection
sclerotherapy. Tamponade with special balloon
catheters may also be necessary prior to endotherapy

Low-risk patients usually stop bleeding with conserva-
tive management after the initial haemorrhage that pre-
cipitated admission to hospital and are unlikely to rebleed.
They may be given sips of water and acid suppression
therapy (although there is little scientific evidence to
support this practice), monitored by observation for
rebleeding, pulse rate and blood pressure, and endo-
scoped on the next available list.

Surgical management

Immediate surgery is required for patients with
exsanguinating haemorrhage or those unable to be
stabilised during initial resuscitation. Even in the most
acute case of upper gastrointestinal haemorrhage, gastro-
scopy can usually be performed on the operating table
before operation. The common causes, duodenal or
gastric ulceration, should be easily identifiable by gastro-
scopy (although these could be found at operation
without this assistance) but the real value of gastroscopy
is the ability to diagnose unusual sources of bleeding,
most of which present particular operative problems.
Thus, oesophageal ulceration or a Mallory-Weiss tear
(see Ch. 15) may be discovered, and the surgeon can
avoid operating on unsuspected variceal haemorrhage.
Even in patients with known varices, endoscopy is
essential, as blood loss will be from a different lesion in
50% of cases, e.g. peptic ulcer, gastric erosions. Occasion-
ally blood loss is so rapid that an unguided laparotomy
must be performed immediately to staunch the flow.

A policy of early surgery for patients over 60 has
been shown to reduce mortality. Urgent surgery is also
required for patients defined clinically or endoscopically
as being "high-risk” and who suffer one rebleed, or for
any patient who suffers two rebleeds. Surgical proce-
dures depend on the source of haemorrhage but there is
a trend towards less radical procedures with improved
postoperative medical management of peptic ulcer
disease. Bleeding is arrested with under-running sutures
after gastrotomy or duodenotomy. Gastric ulcers should
be biopsied in case of malignancy but gastrectomy or

vagotomy and pyloroplasty are rarely necessary (see

The acute abdomen and acute gastrointestinal haemorrhage

Ch. 14). Postoperative anti-Helicobacter therapy is of

course essential but is often overlooked.

MORE DISTAL Gl HAEMORRHAGE

More distal gastrointestinal bleeding is usually not
investigated immediately to find the site but is managed
conservatively anticipating spontaneous cessation. Around
80% will settle without transfusion, and the majority of
the remaining 20% will settle with transfusion alone. If
bleeding continues, it is an important principle that the
source of bleeding should be localised by investigation
so that appropriate treatment can be targeted accurately,
‘Blind" laparotomy is often unsatisfactory because the
cause may need non-surgical treatment or the source of
bleeding may be difficult or impossible to find.

Blood loss from diverticular disease and ischaemic
colitis is usually self-limiting. Several small bleeds may
occur over a few days but the volume lost is usually
small and hypovolaemia is rare. Typically the presen-
tation is late and the bleeding has often stopped, with
blood per rectum the only trace.

Investigation involves colonoscopy when bleeding
has stopped, as the procedure is dangerous whilst there
is limited vision. Sigmoidoscopy and barium enema are
alternatives, but bleeding usually arises from the mucosa
and this is not well seen radiologically. Occasionally an
unsuspected carcinoma or polyp is discovered.

In ulcerative colitis, the diagnosis is evident from the
other symptoms and signs, and management depends
on the success of medical treatment (see Ch. 21).
Persisting large bowel haemorrhage which is less rapid
but recurrent is usually due to angiodysplasias (see
Ch. 20, p. 274). Colonoscopy can be both diagnostic and
therapeutic, If this is negative, impossible or unsatis-
factory, radioisotope scanning using the patient’s own
labelled red cells or highly selective arteriography may
be used to localise the source of bleeding at least to a
general area of bowel (see Fig. 12.9). At laparotomy the
whole bowel can be examined and any suspect area
resected if appropriate. As a last resort, a colonoscope
inserted through an incision in the bowel wall can be
used to examine the whole colon and small bowel for
bleeding sites. This may be the only means of diagnosing
small bowel angiodysplasia. Occasionally, therapeutic
embolisation of localised bleeding lesions using selective
angiography is employed.
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UPPER GASTROINTESTINAL AND HEPATOBILIARY

3 Gallstone diseases and
related disorders

Structure and function of the biliary

Clinical presentations of gallstone

Carcinoma of the gall bladder 201

system 191 disease 198 Bile duct stones 202
Chronic symptoms suggestive of gall bladder
Pathophysiology of the biliary system disease 198 Management of gallstone disease

192 Biliary colic

Acute cholecystitis
-duodena

Investigation of gall bladder pathology

14%

INTRODUCTION

Gallstones and related disorders account for all but a
small proportion of biliary tract disease. The most
important of the remainder, cholangiocarcinoma and
sclerosing cholangitis, are discussed in Chapter 17.
Gallstone disease is also known as cholelithiasis. When
stones are present in the bile ducts, this is known as
choledocholithiasis.

Most
located typically in the epigastrium or right hypo-

gallstone-related disease presents with pain,
chondrium (upper quadrant). The character of the pain
varies with the diagnosis; in most cases, it is acute and
intermittent. The severity ranges from very severe and
requiring hospital admission to moderately severe and

managed at home. For the less severe group, gallstone

Bile collects in the canaliculi between hepatocytes and
drains via collecting ducts within the portal triads into a
system of ducts within the liver. These progressively
increase in diameter until they become the right and left
hepatic ducts which fuse to form the common hepatic
duct 3-4 cm outside the liver; this is joined further down
by the cystic duct to become the common bile duct (see
Fig. 13.1). The common bile duct is 4-5cm long and

passes down behind the duodenum close to the head of

the pancreas to drain via the ampulla of Vater into the

Non-surgical treatment of gallstones

Suraical management of gal

disease tends to be investigated from the outpatient
clinic. Less commonly, gallstone disease presents as
jaundice caused by a stone passing into and obstructing
the common bile duct.

Non-acute upper abdominal pain is a common cause
of surgical referral, accounting for up to 7% of outpatient
referrals in a typical district general hospital. Of these,
about half will be diagnosed as having gallstone disease.
Furthermore, about 25% of elective abdominal operations
on adults in district general hospitals are performed for
gall bladder disease, As gall bladder surgery is fraught
with potentially serious complications, there is consider-
able scope for the development of effective preventative
measures, safer surgical techniques and better non-

o pallstone disease.

fa il =

surgical methods of managin

second part of the duodenum. Reflux of duodenal
contents is prevented by the sphincter of Oddi. In most
cases, the main pancreatic duct joins the common bile
duct at the ampulla although it may enter the duodenum
independently.

The gall bladder is a muscular sac lined by a mucosa
characterised by a single, highly folded layer of tall
columnar epithelial cells. The lining epithelium is
supported by loose connective tissue which contains
numerous blood vessels and lymphatics. Mucus-secreting

19
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Porta hepatis

Common hepatic duct

Cystic artery and duct

Gall bladder

Accessory pancreatic duct opening

Ampulla of Vater

lIu coe Ih trunk (the forequl arte
The porta hepatis consists of the hepatic
branches. The extrahepatic bile ducts

by the cystic duct to form the commor

glands are found at the neck of the gall bladder but are
absent from the body and fundus. The proximal part of
the duct is disposed into a spiral arrangement called the
spiral valve, the function of which is not well under-
stood. The gall bladder lies in a variable depression in
the under-surface of the right hepatic lobe and is covered
by the same peritoneal covering as the liver. The common
bile duct is a fibrous tissue tube lined by a simple, tall
columnar epithelium. It is normally up to 0.6 cm in dia-
meter which can be measured on ultrasound scanning.
Bile is made continuously by the liver and passes
along the biliary tract to the
stored. Bile is concentrated by as much as 10 times in the

gall bladder where it is

gall bladder by active mucosal reabsorption of water.
Lipid-rich food passing from stomach to duodenum

GALLSTONE COMPOSITION

In developed countries, most gallstones contain a
predominance of cholesterol mixed with some bile
pigment (calcium bilirubinate) and other calcium salts.
A small proportion are virtually ‘pure’ cholesterol stones
(“cholesterol solitaire’). In Asia, most gallstones are
composed of bile pigment alone. The composition and
pathogenesis of the various types of gallstone are sum-
marised in Table 13.1, and some examples are illustrated
in Figure 13.2

[he physical structure of mixed gallstones gives an
insight into the time sequence of their formation. There
is usually a small core of organic material which often

contains bacteria. The main part of the stone is made up

? Liver
— Inferior vena cava

Coeliac trunk

Pancreas

Main pancreatic duct

Superior mesenteric artery and
vein emerging below pancreas

the splenic artery S ar

patic arter

the left gastric artery G
ides into 1f o
duct; i

form the common hepatic

promotes secretion of the hormone cholecystokinin-
pancreozymin (CCK) by endocrine cells of the duodenal
mucosa. This hormone stimulates contraction of the gall
bladder, squeezing bile into the duodenum. Bile salts
(acids) act as emulsifying agents and facilitate hydrolysis
of dietary lipids by pancreatic lipases. If bile fails to
reach the duodenum because of biliary tract obstruction,
lipids are neither digested nor absorbed, resulting in the
passage of loose foul-smelling fatty stools (steatorrhoea).
Furthermore, the fat-soluble vitamins (A, D, E and K) are
not absorbed. The lack of vitamin K soon leads to
inadequate prothrombin synthesis and hence defective
clotting; this may pose problems if surgery is necessary
in a patient with obstructive jaundice

ot concentric layers, which reveals that the stone does
not form in a single episode but by a series of discrete
precipitation events. Furthermore, there are often several
‘families’ of gallstones, each of a different size, found in
the same gall bladder. This suggests that each family
began at a different time, presumably due to a transient
change in local conditions. All families then build up by
lamination at the same rate, leading to the variety of
different sizes. Radioisotope dating studies have shown
that the average gallstone is 11 vears old when it is
removed!

The full story of how the common cholesterol-
predominant (mixed) stones are formed has not yet been

elucidated but several clues are available. The main




Table 13.1 Composition and pathogenesis of gallstones

Chemical composition

Mixed stones

{75-90% of all stones)

Cholesterol is the predominant constituent.
Heterogenous mixture of cholesterol,

bile pigments and calcium salts in a ‘core’
and laminated structure

Cholesterol stones
(up to 10% of all stones)

Pigment stones

{uncommon in developed countries,
commaon in Asia)

Calcium bilirubinate

Calcium carbonate stones
(rare)

Pathogenesis

Combination of

* Abnormalities o bile constituents
* Bile stasis

* |nfection

As for mixed stones

Excess bilirubin excretion due to haemolytic
disorders, e.g. haemolytic anaemias,
infections, malaria leukaemias

Excess calcium excretion in bile

Fig. 13.2 Types of gallstone

Gallstone disease and related disorders

Morphology

Multiple stones, several generations of
different sizes often found together
Stones may be hard and faceted (where
they have developed in contact) or
irregular, ‘mulberry’-shaped and softer
Colours range from near-white through
yellow and green to black. Most are
radiolucent but 10% are radiopaque

Large, smooth, eag- or barrel-shaped
and usually solitary ('cholesterol solitaire’)
Yellowish. Up to 4 cm diameter and

may fill the gall bladder. Radiolucent

Multiple, jet-black, shiny ‘jack’ stones;
0.5-1 cm diameter, Usually of uniform
size and often friable

Greyish faceted stones.
Radiopaque

(a) Thick-walled chronically inflamed gall bladder found to be obstructed at its neck by a single stone. Note the stone is an aggregate of many
smaller stones. (b) Multiple small gallstones in the gallbladder, all of much the same ‘generation’. (¢) Gallbladder containing one huge stone and
multiple smaller stones. These stones all fitted together with adjoining facets. (d) 'Cholesterol solitaire’ which had caused gallstone ileus by
obstructing the terminal lleurm. The photograph shows it being remaved from the distal ileurn at operation

(b)

(d)

«
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factors are changes in concentration of the different
constituents of bile, biliary stasis and infection. It is likely
that several subtle abnormalities combine to bring about
precipitation of bile constituents.

Bile salts and lecithin are responsible for maintaining
cholesterol in a stable micelle formation. The normal
micellar structure of bile supports a greater concentration
of cholesterol than could normally be held in solution
and it is therefore inherently unstable. An excess of
cholesterol in relation to bile salts and lecithin is probably
one of the main factors in stone formation. This is
supported by the observation that patients in whom the
terminal ileum has been resected or who have chronic
distal ileal disease have a threefold risk of developing
cholesterol-rich stones. The terminal ileum is the main
site for reabsorption of bile salts. When this is removed
or diseased, reabsorption falls off, leading to loss of bile
salts via the bowel and a consequent reduction in the bile
salt pool. Bile salts are then insufficient to maintain the
micellar structure of cholesterol suspension.

Precipitation is enhanced by biliary stasis. This occurs
if the gall bladder becomes obstructed or its contractility
becomes defective. It is not known whether obstruction
of the gall bladder outlet is a primary event in the
formation of stones but it is believed to play a part in
their continued accretion. Obstruction could be caused
by dysfunction of the spiral valve in the cystic duct, by
reflux of duodenal contents (which may be infected) or
by small stones already formed. The muscular gall
bladder wall is damaged by longstanding inflammation
or infection which interferes with its ability to empty.
Pregnancy is a predisposing factor.

THE ROLE OF INFLAMMATION AND INFECTION

The relative roles of inflammation and infection in
gallstone formation are still in doubt, but probably both
play a part. Abnormalities of bile composition may cause
chemical inflammation of the gall bladder, resulting in
inflammatory exudation and perhaps accumulation of
inflammatory debris. Infection probably plays an import-
ant part in the pathogenesis of gallstones. Bacteria
usually form the organic nidus upon which gallstones
are built; they enter the gall bladder intermittently by
reflux from the duodenum or via the bloodstream. This
process is probably normal in itself but becomes patho-
logical if the bacteria are not flushed out, as when the
gall bladder does not adequately empty. Once stones are
formed, episodic bacterial ingress could be responsible
for periods of precipitation in which layers of the
laminated structure are built up. Indeed, some gallstones
continue to harbour bacteria so the process becomes self-
perpetuating. In support of this is the fact that faecal
organisms can be cultured from at least 25% of chole-

cystectomy specimens,

THE ROLE OF CHRONIC OBSTRUCTION

[ransient obstruction of the gall bladder by stone
may cause episodes of acute pain (biliary colic). If the
obstruction persists, the gall bladder becomes chemically
inflamed causing acute cholecystitis. If obstruction does
not resolve by itself and the contents do not become
infected, the gall bladder becomes distended with
mucus; this is known as a mucocoele, and is often
palpable and tender. If the contents become infected, an
abscess develops within the gall bladder and this is
known as an empyema of the gall bladder.

I'he majority of gall bladders removed for chronic pain
show a range of histological features more in keeping
with a chronic obstructive aetiology than an infective
one. These features include intact but often atrophic
mucosa, submucosal and subserosal fibrosis, hypertrophy
of the muscular wall, and mucosal diverticula extending
into the muscular layer (known as Rokitansky-Aschoff
sinuses), Evidence of active or previous infection is
uncommon. Inflammatory infiltrates are mainly asso-
ciated with traumatic gallstone erosion of the mucosa or
intrusion of inspissated bile into the gall bladder wall,
particularly around the mucosal diverticula. In some
cases the gall bladder is so grossly scarred, distorted or
contracted that its absorptive and contractile functions
have been completely destroyed.

OTHER PATHOLOGICAL MECHANISMS

In about 10% of patients with symptoms typical of gall
bladder disease, no stone can be demonstrated during
investigation or at operation. In some of these cases, a
stone may have passed out of the duct system into the
bowel. In other cases, chronic inflammation occurs
independently of stones, the so-called ‘cholecystitis sans
stones’; again, chronic obstruction may be the aetiology.
Finally, the terms ‘biliary dyskinesia’ and ‘cystic duct
syndrome’ are used to explain the situation where
patients have typical symptoms of gall bladder disease
but essentially normal standard investigations. When
biliary manometry is used, many of these patients are
shown to have an abnormally high pressure in the
sphincter of Oddi. Confirming this diagnosis is difficult
but a fair proportion of patients suspected of this are
cured by surgical

endoscopic sphincterotomy or

sphincteroplasty.

EPIDEMIOLOGY OF GALLSTONES

In developed countries, at least 10% of the adult
population probably develop gallstones during their
lifetime although most remain asymptomatic. Gallstones

are rare before adulthood and increase in prevalence

with age. Women are affected four times as often as men




(a)

and it appears that pregnancy is a very important
predisposing factors; obesity and diabetes may also play
a part. The typical patient is said to be a ‘fair fat fertile
female of forty’, but many gallstone patients do not fit
this description! Gallstone disease is rare in the rural
communities of developing countries but is increasing

Gallstone disease and related disorders

with urbanisation. Western-style processed foods, high
in fats and refined carbohydrates but poor in fibre, may
be responsible. Their contribution to gall bladder disease
would be compatible with the theory that changes in the
composition of bile are the most important factors in
stone pathogenesis.

When gallstone disease is suspected, investigation has

the following objectives:

@® Exclude haematological, liver function and other
systemic abnormalities

® Establish whether gallstones are present in the gall
bladder and/or common duct and whether the gall
bladder wall is abnormally thickened

® Assess the integrity of the bile duct system and the
pancreatic duct (if there is any suggestion of
obstruction)

BLOOD TESTS FOR HAEMATOLOGICAL AND LIVER
ABNORMALITIES

In many straightforward cases, no blood tests are
necessary except to exclude anaemia in susceptible
groups such as women of child-bearing age. Haemolytic
disorders such as hereditary spherocytosis, thalassaemia

and sickle cell trait should be considered as they may
predispose to pigment stones. Liver function tests are
indicated if there is any suggestion of jaundice or other
liver abnormality. Finally, blood cultures to exclude

Fig. 13.3 Biliary ultrasound scans

systemic infection may be appropriate in seriously ill
patients.

INVESTIGATION OF GALL BLADDER PATHOLOGY

Investigation for gall bladder disease aims to demon-
strate the presence of stones and signs of chronic gall
bladder inflammation. Ultrasonography is the mainstay
of investigation but cholecystography is occasionally
employed.

Ultrasonography

Ultrasonography (see Fig. 13.3) is reliable for identifying
stones in the gall bladder and increased gall bladder wall
thickness (caused by inflammation or fibrosis). Ultra-
sound provides a simple and accurate means of demon-
strating dilatation of the common duct system, which
often indicates distal duct obstructon. Unfortunately, it
is unreliable for identifying bile duct stones directly,
particularly at the lower end. Ultrasound has the great

advantage of being suitable for the seriously ill or
jaundiced patient.

a) Longitudinal scan of gall bladder in a 46-year-ald woman who complained of intermittent attacks of right upper quadrant pain. The scan
] ] per q p

-«

%

shows the outline of the gall bladder GB and a layer of gallstones (arrowed) along its posterior wall. The stones each cast a clear acoustic shadow

AS beyond them. Note that these shadows can be projected back to the transducer T. (b) Longitudinal scan of the gall bladder in a 37-year-old

woman showing a single large stone S in the fundus. Note that only the anterior surface of the stone is seen (as an arc) because all sound waves

are reflected from it, casting a dense acoustic shadow beyond. Note that ultrasound is a poar method of demonstrating stones at the lower end

of the common bile duct because the image tends to be obscured by overlying duodenal gas 19¢
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Oral cholecystography

Oral cholecystography, once the mainstay of investi-
gation, has now largely been superseded by ultra-
sonography. It provides a different perspective by
showing gall bladder function and only incidentally
revealing stones. It involves ingestion of contrast
medium which is absorbed, excreted by the liver and
then radiographically demonstrated in the extrahepatic
biliary system. A plain radiograph of the biliary area
(control film) may demonstrate stones, although only
about 10% of all stones are radiopaque (see Fig. 13.4).
It may occasionally show calcification in the pancreas
(indicating previous pancreatitis), or a gall bladder
outlined by calcification (‘porcelain gall bladder’).

If the concentrating function of the gall bladder is
normal, the gall bladder will be visible as a radiopaque
viscus in which negative shadows of stones may be seen
as filling defects. A non-opacifying gall bladder may
be diseased. Oral cholecystography is of no value in
jaundice, hepatic failure, intestinal malabsorption and
vomiting and is rarely indicated in acute gall bladder
disease because the gall bladder is usually obstructed.

INVESTIGATION OF THE BILIARY DUCT SYSTEM

See Figure 13.5.

The non-jaundiced patient

Patients with gallstones but no history of obstructive
jaundice do not require preoperative investigation for
duct stones. If open cholecystectomy is performed,
operative cholangiography (also known as peroperative

Fig. 13.4 X-ray of radiopaque gallstone

Plain abdominal X-ray showing large radiopaque gallstone in the right
upper quadrant, Note that the stone is obviously laminated, having
built up In layers over many years

cholangiography) is carried out routinely but is less often
employed at laparoscopic cholecystectomy, p. 205. At
open operation, the bile duct system is outlined by
passing a cannula through the cystic duct into the
common bile duct and injecting radiopaque contrast
material. This fills the biliary tree and should flow into
the duodenum. X-rays or fluoroscopic imaging are then
used to demonstrate the duct morphology and any
abnormalities such as duct dilatation, filling defects
caused by stone or distortion of the tapering lower end
of the common duct, as well as obstruction of flow into
the duodenum. If cholangiography shows a stone or
stones, the duct is usually explored as described on
page 203.

A different problem is the patient with a history of
transient jaundice possibly attributable to stones. Most
cases will have either operative cholangiography at open
cholecystectomy or preoperative endoscopic retrograde
cholangio-pancreatography (ERCP), described in Chapter
6, p. 65. Intravenous cholangiography is sometimes
employed but it gives poor definition and may cause
unpleasant side effects like nausea or even anaphylaxis.

The jaundiced patient

When obstructive jaundice has been diagnosed, it is
important to distinguish between stone and tumour in
order to plan appropriate management.

Ultrasonography is usually the initial investigation.
This shows the extent of dilatation of both intrahepatic
and extrahepatic ducts and may even show a stone lodged
at the lower end of the duct. If stones are demonstrated
in the gall bladder, this adds weight to the impression
that stones are blocking the duct rather than tumour, but
the two can coexist, The ultrasound scan will usually
demonstrate a carcinoma of the pancreatic head or
enlarged lymph nodes in the porta hepatis; either may
cause extrahepatic biliary obstruction.

Ultrasound may make the diagnosis, but if more
detailed information is required, biliary tract morphology
can be outlined by direct injection of contrast. There are
two methods: ERCP and percutaneous transhepatic
cholangiography. When available, ERCP is the more
useful and less invasive investigation; it avoids needle
injection into the liver and also allows the ampullary
region to be inspected for tumour. Furthermore, the
pancreatic duct may be outlined if required. If stones are
found in the common bile duct, it is often possible to
perform immediate endoscopic sphincterotomy, releasing
the stones, thus diagnosing and relieving the jaundice in
one procedure. This may be life-saving for the patient
with ascending cholangitis and is the treatment of choice
on its own for the patient who is a poor risk for
laparotomy.
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(c) ..

Fig. 13.5 Investigation of the biliary duct system

(a) Normal ERCP showing duodenoscope D in the second part of the duodenum. Contrast has been injected first into the pancreatic duct

P and then into the common bile duct (arrowed). Note also the cystic duct €D, gall bladder GB and intrahepatic bile ducts IHD

(b) Endoscopic retrograde cholangiogram in a woman of 77 who presented with mild epigastric pain and obstructive jaundice. The film shows
multiple large stones in the common bile duct, represented by filling defects. The commaon bile duct is moderately dilated, but the intrahepatic
ducts IHD are not. The fundus and neck of the gall bladder GB are shown, but the body is empty of contrast (dotted lines). There is a stone §
near the neck of the gall bladder. (c) and (d) Postoperative T-tube cholangiogram films taken (routinely) 7 days after a cholecystectomy and
removal of stones from the common bile duct. The films show the T-tube TT in situ. In (c), a stone S can be seen in the left hepatic duct, and in
(d), another stone § can be seen at the lower end of the common bile duct. Both stones were successfully retrieved percutaneously 6 weeks later
The T-tube was removed and steerable grasping forceps passed into the biliary system through the skin defect. Each stone was then grasped and
drawn to the surface along the track

Percutaneous transhepatic cholangiography is used if ~ control. Contrast medium is then injected. An obstructing
ERCP is unavailable or unsuccessful. It involves inserting ~ stone produces a characteristic rounded filling defect
a long, fine (22 gauge) needle through the skin into one (Fig. 13.6d), as opposed to the tapering stricture typical

of the dilated intrahepatic ducts under radiological of tumour.
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CLINICAL PRESENTATIONS OF GA

The names attached to the various clinical syndromes
associated with gallstones are somewhat confusing and
at best imprecise. This is partly because more than one
pathological process may occur at once; hence the true
diagnosis can often be made only in the histopathology
laboratory.

In the past, gallstones have been blamed for causing
chronic, low-grade symptoms, and labelled chronic
cholecystitis or flatulent dyspepsia. In fact chronic low-
grade obstructive gall bladder disease probably does not
exist and the symptoms can usually be explained by
irritable bowel syndrome or chronic aerophagia (air
swallowing).

Severe pain occurs if the gall bladder becomes acutely
obstructed, even transiently. This is known as biliary
colic. Acute inflammation of the gall bladder is known as
acute cholecystitis. [t may be complicated by mucocoele
of the gall bladder, abscess formation (empyema) or
free perforation. Rarely, large stones in the common bile
duct ulcerate through into the duodenum causing fistula
formation and sometimes gallstone ileus. Finally, gall-
stones probably predispose to carcinoma in the very
long term. The spectrum of clinical disorders associated
with gallstones is summarised in Figure 13.6.

CHRONIC SYMPTOMS SUGGESTIVE OF
GALL BLADDER DISEASE

CLINICAL FEATURES

Many patients are referred with a long history of almost
daily pain which is poorly localised in the right upper
quadrant or epigastrium. It is often accompanied by
nausea or even vomiting. The pain may be exacerbated
by large or fatty meals and may radiate around towards
the back. The symptoms are often rather vague and ill
defined; this probably explains why patients often delay
consulting a doctor. Examination rarely reveals more
than vague upper abdominal tenderness.

MANAGEMENT

Most of these patients turn out not to have gallstones
on ultrasonography. The most frequent diagnosis is
irritable bowel syndrome but the differential diagnosis
includes peptic ulcer disease, urinary tract infection and
chronic constipation. Note that even if a patient has
upper abdominal symptoms and demonstrable gali-
stones, this does not prove the one is caused by the other.
Asymptomatic gallstones are a common enough incidental
finding and it sometimes takes fine clinical judgement to

decide whether cholecystectomy is likely to cure the
symptoms.

When symptoms are characteristic of gall bladder
disease, no special investigations other than ultra-
sonography are required. When the symptoms are less
clear-cut, a more extensive search is necessary, perhaps
including upper gastrointestinal endoscopy, plasma
amylase and ECG.

BILIARY COLIC
CLINICAL FEATURES

Intermittent cystic duct obstruction by stone is probably
the most common reason for symptoms from gallstones.
Typically, patients are female and chiefly fall into two
groups: the young or middle-aged, often overweight
woman, where there is likely to be little histological
evidence of inflammation in the gall bladder, and the
elderly woman in whom the gall bladder is grossly
thickened, chronically inflamed and shrunken. The same
conditions arise less frequently in males.

Biliary colic describes the symptom complex arising
from sudden and complete obstruction of the cystic duct
or common bile duct by stone. The pain produced is
severe, typically rising to a plateau over a few minutes,
then continuing unrelentingly. The patient writhes in
agony until the pain resolves spontaneously after several
hours or after opiate analgesia. A bout of vomiting often
heralds the end of the attack and the patient feels
exhausted and sore for the next day or so. There is
commonly a history of previous similar episodes. On
examination, there are few positive findings. There is no
fever but there may be some local tenderness due to gall
bladder distension. If the attack does not settle within
24 hours, acute cholecystitis is a more likely diagnosis.

MANAGEMENT

Most cases of biliary colic can safely be managed at
home if the diagnosis is recognised. Pain relief usually
requires only one injection of an opiate and the attack
then passes. Severe attacks of biliary colic usually lead to
emergency hospital admission since the differential
diagnosis includes other conditions which may require
urgent operation, e.g. perforated peptic ulcer. A pre-
sumptive diagnosis can be made on clinical grounds but
ultrasound is important in making a definitive diagnosis.
Ultrasound examination should be performed as soon as
possible, since early diagnosis may save several un-
necessary days in hospital. In acute gallstone disease,
cholecystectomy scheduled for the next available list is
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Basic pathological Pathophysiology Clinical condition Complications

process

A Asmptomatic gallstones
No inflammation (very common)

B Chronic, or recurrent acute symptoms [ : : I?i?
Low-grade Chronic or (but can be asymptomatic) Shrunken, 8 ﬁ:ﬁ”:ggf of Ak tiaddee R
inflammation of intermittent low- scarred gall bladder is not palpable e
gall bladder grade gall bladder
L transient inflammation Chronic low-grade gall bladder
episodes of (commeon) symptoms —flatulent dyspepsia’
obstruction (probably common)

Acute exacerbation ]
Acute cholecyslitis

Acute attack settles (fairly common)

c Stone impacts in
Stones passing gﬁﬁ;‘dg“rga” Mucocele of gall bladder

through bile
duct system

Small stones pass Attacks of biliary colic
through bile ducts (Cté?.gmsoﬁ} Py )
into duodenum

Disrupted ampullary

flow dynamics Acute pancrealitis

Te— -

Empyema of gall bladder |m 4

{uncommon) X -

Perforation of gall bladder '-L-@ g
(rare) B

Stone(s) Stone(s) Intermittent impaction and
remain in  block disimpaction of stone causes
bile duct lower intermittent jaundice
system end of
and common Progressive jaundice
enlarge bile duct and liver failure (rare) "
Obstructive jaundice r:
Stagnant bile incommon SRS ¥
bile duct becomes —
1 _ infected L »
D Asymptomatic cholecysto-duodenal |
Large stone fistula (gas in bile ducts seen on plain == Ascending cholangitis
fistulates into abdominal X-ray) (uncommon)

duodenum (rare)
Stone impacts in

‘Charcot's intermittent e
hepatic fever’ (very rare) [ oo

hﬁx"' ¥ terminal ileum _ v
=== (narrowest part of Small bowel obstruction ‘gallstone 3
- - small bowel ileus' (very rare)

Fig. 13.6 Clinical consequences of gallstones

preferred by many surgeons bul others perform the
operation electively at a later date. Early operation
appears to be the better option, reducing the risk of the
complications of gallstones. If a mucocoele of the gall
bladder is found, the attack is likely to persist and there
is a high risk of an empyema of the gall bladder
developing. In this case, cholecystectomy often becomes
i necessary during the current admission.
Cholecystectomy is the definitive treatment for biliary
colic. Patients are frequently put on a low-fat diel

initially or while awaiting operation; this often relieves

symptoms, presumably by removing a stimulus to gall
bladder contraction. It also facilitates weight loss, if
appropriate.

In younger patients, cholecystectomy is usually straight-
forward. The gall bladder is usually found to contain
stones or thick dark biliary sludge and its wall is often
thin, although it may be inflamed. Occasionally a
mucocoele is found. In a few patients, the gall bladder is
thickened and scarred and technically more difficult to
remove. Techniques of cholecystectomy are discussed on
pages 203-207.
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ACUTE CHOLECYSTITIS
PATHOPHYSIOLOGY AND CLINICAL FEATURES

Several factors contribute in varying degrees to cause
acute inflammation in an obstructed gall bladder. These
include physical and chemical irritation and, later in
the episode, bacterial infection. The clinical result is
acute cholecystitis which often presents as a surgical
emergency. In contrast to biliary colic, the patient is
usually systemically unwell with fever and tachycardia.
On examination there is tenderness in the right upper
quadrant, more marked on inspiration, and an inflam-
matory gall bladder mass may be palpable. The term
‘Murphy’s sign’ is often misused in this context; it was
originally used to describe tenderness at the tip of the
ninth rib. Being inflammatory in origin, the clinical
course of acute cholecystitis is more prolonged than
biliary colic, usually lasting several days before settling
or else precipitating urgent surgery.

MANAGEMENT

As with biliary colic, a presumptive diagnosis may be
made on clinical grounds, but it is worthwhile obtaining

(b)

an early definitive diagnosis. Ultrasound is usually
sufficient to support the diagnosis by revealing stones
and a thickened gall bladder wall. A more positive
diagnosis of gall bladder obstruction can be made by
radionuclide scanning although this is rarely necessary;
isotope-labelled HIDA is excreted in bile and outlines the
normal gall bladder and bile duct system. An obstructed
gall bladder fails to take up the isotope and is not
demonstrated (see Fig. 13.7).

As previously described, most patients with acute
cholecystitis have a chemical inflammation and therefore
do not require antibiotics. Oral intake should be restricted
to fluids and an intravenous infusion should be set up if
necessary. When acute cholecystitis is accompanied by
gall bladder infection, symptoms and signs are more
marked and antibiotics should then be given.

Acute cholecystectomy

The patient with acute cholecystitis will need a chole-
cystectomy at some stage. Early cholecystectomy, per-
formed within a few days of the onset of the attack, is
becoming more popular. The procedure is as safe as
elective surgery, convenient for the patient and efficient

Fig. 13.7 HIDA scanning for acute cholecystitis
(a) Normal HIDA scan. This sc
of the ope. Radioactivity has been detected in the liver L, gall
bladder GB, common bile duct € and small bowel SB, demanstrating
patency of the whole biliary system. (b) HIDA scan in a patient with
symptoms and signs suggesting acute cholecystitis. This scan at 30

1 was taken 30 minutes after ingestion

radio

minutes shows contrast in the liver and a little in the common bile
duct and small bowel; there is none in the gall bladder. (c) HIDA scan
of the same patient taken at 60 minutes. The isotope has now

virtually cleared from the liver and is seen in small bowel, There is still
no filling of the gall bladder, which must therefore be obstructed,
confirming the diagnosis of acute cholecystitis.




in terms of hospital bed usage. The alternative policy of
conservative management is to discharge the patient
after the acute attack resolves and readmit the patient for
elective cholecystectomy after about 6 weeks, by which
time the inflammation has usually settled. However, in
the mean time, there is a risk of further acute attacks or
some other manifestation of gallstone disease such as
acute pancreatitis. Even if delayed cholecystectomy is
preferred, the acute attack may not settle, necessitating
cholecystectomy on the same admission.

When operation is performed during the acute illness,
the gall bladder is found to be obstructed and tense.
The serosal surface is oedematous and inflamed with
petechial haemorrhages or even purulent exudate and
there are fibrinous adhesions to nearby structures. The
gall bladder neck or cystic duct is blocked by an
impacted stone and the gall bladder is usually found to
contain further stones or sludge mixed with inflam-
matory exudate. Bowel organisms can be cultured from
the contents in about 70% of cases.

In older patients, the operation is often much more
difficult; the gall bladder may be grossly inflamed,
thickened and scarred and has to be patiently dissected
out of the liver bed. Great care must be taken to avoid
damaging the bile ducts. The gall bladder often contains
several stones and may be filled with pus. A culture
swab should be taken from within the gall bladder at
operation as any postoperative infective complications
are likely to involve the same organisms.

Empyema of the gall bladder

In a more extreme clinical variant, the gall bladder
becomes distended with pus. The condition, known as
an empyema, represents an abscess of the gall bladder.
As with abscesses elsewhere, a swinging pyrexia is often
found. Sometimes part of the gall bladder wall becomes
necrotic, leading to perforation. This may be walled off
by adjacent omentum, resulting in localised abscess
formation and a palpable gall bladder mass. Occasionally
perforation leads to a subphrenic abscess or generalised
peritonitis. Gangrenous cholecystitis and perforation
are rare because the gall bladder has a rich blood supply
from its hepatic bed as well as from the cystic artery.
These patients require surgery without delay.

CHOLECYSTO-DUODENAL FISTULA
AND GALLSTONE ILEUS

These uncommon complications of gallstones result from
the inflamed gall bladder becoming adherent to the
adjacent duodenum and a stone ulcerating through the
wall to form a cholecysto-duodenal fistula. The fistula
decompresses the obstructed gall bladder and allows

Gallstone disease and related disorders «
stones to pass into the bowel and gas to enter the biliary C
tree. As such, the condition is usually harmless and L

unsuspected. It may be diagnosed on plain abdominal X-
ray by the presence of gas outlining the biliary tree,
Sometimes it is discovered at operation.

Occasionally, a solitary cholesterol stone passing into
the bowel is so large that, after traversing the small
bowel, it impacts in the narrowest part, the distal ileum,
causing gallstone ileus. This occurs in the elderly and
presents as an unexplained intermittent and sometimes
incomplete small bowel obstruction. Unfortunately, the
diagnosis is often difficult to make and the delay is
detrimental to the patient. Diagnosis can be confidently
made if gas is recognised in the biliary tree on a plain
abdominal X-ray of an elderly patient with distal small
bowel obstruction (see Fig. 13.8). Barium follow-through
will demonstrate the small bowel obstruction.

CARCINOMA OF THE GALL BLADDER

Chronic irritation by stone over a long period is believed
to predispose to adenocarcinoma of the gall bladder.
This condition is rare and only found in the elderly. The
presenting symptoms are similar to chronic inflammatory
gall bladder disease. Jaundice may develop if the tumour
obstructs the bile ducts. Carcinoma of the gall bladder is

Fig. 13.8 Gallstone ileus

This 78-year-old woman presented with a gradual onset of small bowel
obstruction. A large cholesterol solitaire stone had ulcerated from the

gall bladder into the duodenum, travelled down the small bowel and

finally impacted in the distal ileum causing complete obstruction. This

plain supine abdominal X-ray shows residual barium from a barium

enema performed 2 weeks previously. There is widespread small

bowel dilatation. The diagnostic feature is the presence of gas G in pA
the biliary tree (in this case, the common bile duct and cystic duct)
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usually an unexpected finding at cholecystectomy for
stones and is usually incurable by the time of detection.

The possibility of malignant transformation is one
argument in favour of removing a chronically inflamed
gall bladder, even if symptoms are not severe.

BILE DUCT STONES
PATHOPHYSIOLOGY

Bile duct stones nearly always originate in the gall
bladder and pass through the cystic duct. Most stones
are small enough to pass out of the biliary system into
the duodenum but may cause biliary colic or mild
jaundice during transit. This explains many of the
symptoms of recurrent gallstone-related disease.

Initially, stones in the bile ducts are small and enlarge
progressively in situ. This is evident from the occasional
finding of multiple faceted gallstones fitting neatly together
in the common duct which could only have formed
within the duct. The common bile duct is narrowest at its
lower end and stones too large to pass out tend to lodge
at this point. A stone here either becomes impacted,
causing progressive jaundice, or acts as a ball-valve,
causing intermittent jaundice. Obstruction results in
gradual dilatation of the biliary tree; if dilatation is long-
standing it does not regress even after the obstruction is
removed and may lead to stagnation of bile and further
stone formation. Note that the gall bladder rarely dis-
tends in this condition even when the common bile duct
is completely obstructed. This is because of the inflam-
matory fibrosis or mural hypertrophy caused by gall-
stones (Courvoisier's law—see Ch. 11, p. 151).

CLINICAL PRESENTATIONS OF STONES IN THE
BILIARY TRACT

Obstructive jaundice

Stones in the common bile duct, as stated earlier, are a
common cause of obstructive jaundice and must be

NON-SURGICAL TREATMENT OF
GALLSTONES

Whatever the clinical manifestation of gallstone-related
disease, most cases are treated surgically. A small pro-
portion, however, are suitable for oral drug therapy.
Chenodeoxycholic acid (a bile acid) and related drugs
increase the bile salt pool and inhibit hepatic cholesterol
secretion. When administered over a long period, these
drugs cause slow dissolution of cholesterol stones.

'MANAGEMENT OF GALLSTONE DISEASE

considered in the differential diagnosis; details are given
in Chapter 11.

Asymptomatic duct stones

Any patient with gallstones may have duct stones. There-
fore, at open cholecystectomy,, it is standard practice to
investigate the biliary tree by operative cholangiography
and to remove any stones by exploration of the common
bile duct (see p. 203). This avoids the need for a sub-
sequent procedure. Some surgeons perform cholangi-
ography at laparoscopic cholecystectomy but others do
not.

Acute pancreatitis

Stones passing through or lying near the ampulla of
Vater may interfere with drainage of pancreatic enzymes
into the duodenum. Bile reflux into the main pancreatic
duct may cause acute pancreatitis (see Ch. 18).

Ascending cholangitis

Bile stasis in the common duct occurs with chronic
obstruction and dilatation and predisposes to bacterial
infection. The infection then extends proximally to
involve the intrahepatic duct system. The condition is
known as ascending cholangitis and is characterised by
intermittent attacks of pain, swinging pyrexia and
jaundice. This triad is also referred to as Charcot’s
intermittent hepatic fever and is often accompanied by
marked weight loss. Ascending cholangitis is a serious
condition and may culminate in life-threatening acute
suppurative cholangitis. The bile duct must be drained
urgently, either by surgical operation or preferably by
endoscopic sphincterotomy:.

Ascending cholangitis more commonly develops as a
late complication of biliary tract surgery, particularly
bypass operations.

Unfortunately, the drugs have several disadvantages
apart from their very slow action. Only cholesterol-
predominant stones can be dissolved and even if this
treatment is successful, there is a high rate of stone
recurrence; there are frequent drug side effects such as
severe diarrhoea and hepatic damage. Thus, drug
therapy has largely gone out of favour and should only
be considered in young patients with small radiolucent
stones in a gall bladder which concentrates contrast and

contracts in response to a fatty meal.
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l'here was a vogue for gallstone destruction using
extra-corporeal shock wave lithotripsy as for urological
stones (see Ch. 31). However, the results were dis
appointing. There are problems in passing shattered
stone debris through the narrow cystic duct, and further
stones are likely to be formed if the gall bladder itself is
diseased and any underlving

metabolic predisposing

factors remain unchanged.

SURGICAL MANAGEMENT OF
GALLSTONES

INDICATIONS FOR SURGERY AND PREPARATION OF
THE PATIENT

Iere are two main indications for cholecy stectomy:

® Symptomatic gallstone disease

gallstones when there is a reasonable

® Asymptomalic

likelihood of future symptoms or complications

igh-quality biliary ultrasound is the only
- | .

In most cases
imaging study required. This demonstrates gall bladder
disease and gallstones and the diameter of the intra-
hepatic and extrahepatic bile ducts. Information from
ultrasound about gall bladder wall thickness or the num-
ber and size of stones has not proved useful in pre-
dicting the feasibility of laparoscopic surgery. If there are
stones in the duct system, common duct exploration
is added to open cholecystectomy or else stones are
extracted at ERCP,

Any jaundiced patient is at particular risk during
surgery because of infection, hepatic impairment, defec-
tive clotting, acute renal failure and venous thrombosis
and it is preferable to relieve obstructive jaundice prior
to surgery by endoscopic sphincterotomy and stone

extraction or bile duct stenting,.
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Kacher Right paramedian

Fig. 13.9 Incisions for biliary surgery
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CHOLECYSTECTOMY—OPEN VERSUS LAPAROSCOPIC
SURGERY

lhe traditional method of cholecystectomy is by open
operation at laparotomy. Laparoscopic cholecystectomy
has rapidly increased in popularity in recent years and is
already the standard method of treating gallstones in
many centres where expertise is available. However,
public awareness of catastrophic complications (which
often, but by no means always, occur early in a surgeon’s
experience) has meant that questions are often asked
about the appropriateness and safety of laparoscopic
surgery, Some centres perform open cholecystectomy
through small incisions, 7-10cm long, the so-called
mini-cholecystectomy (see Fig. 13.9), and randomised
studies have shown that recovery is similar to lapar-
0SCOPIC L‘lmh'r\_\,-'wli'tlnm_\-‘. ”L'&-}."Tlt‘ this, it is likely that
laparoscopic cholecystectomy will become the standard
method, given improved training, greater experience
and close audit of outcomes. All surgeons performing
this operation must, however, be able to perform an
open operation to cope with complications or particular
difficulties arising during a laparoscopic operation which

oblige conversion to an open operation.

OPEN CHOLECYSTECTOMY AND OPERATIONS ON
THE COMMON DUCT

lhe main choice of incisions for biliary surgery are
illustrated in Figure 139 and the main steps in
cholecystectomy are shown in Figure 13.10. Students and
junior surgical staff should be familiar with these if they
are to assist at operation as well as appreciate the

potential for operative complications.

Exploration of the common bile duct

If stones are known to be present in the bile ducts by

sreoperative ERCT? or operative cholangioeraphy, the
i I I glograpns

TR

Right upper transverse
(7—10 cm incision used in Midline
mini-cholecystectomy)

Ch
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(a)

(b)
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Cystic artery
isolated, ligated
and divided

Junction between cystic duct and
common bile duct clearly identified
(failure to do so puts bile duct in
jeopardy)

Cystic duct ligated near
gall bladder

common duct is explored. The duct is opened through a
longitudinal incision and stones are retrieved, often with
some difficulty, by a combination of manipulation,
irrigation, grasping with stone forceps and use of a
balloon catheter. Operative choledochoscopy is often
used to check for residual stones and to remove difficult
stones. The flexible fibreoptic choledochoscope gives
good visibility and manoeuvrability but, unlike its rigid
counterpart, lacks the range of instrumentation for
retrieving stones. After exploration, a latex T-tube is
usually inserted to drain bile to the exterior, the trans-
verse limb being placed within the common bile duct.
The main purpose of a T-tube is to provide access to the
biliary tree for a further cholangiogram about 1 week
after operation (T-tube cholangiography, see Fig. 13.11).
This is to ensure that no stones remain. If no stones
are found on surgical exploration or if the surgeon is

Small incision made in cystic
duct. Cannula is inserted (e.g.
Stoke-on-Trent type) and
secured with ligature

Cystic duct divided
and stump ligated
with absorbable tie

i

=711 /) |

. )

4 = L b

Contrast medium Injected in two  Gall bladder dissected out of liver
or three stages and X-rays taken  bed commencing either at neck
lo demonstrate biliary tree and  or fundus (‘fundus first’), the latter
flow through ampulla, I.e being safer when the anatomy is
obscure

‘operative cholangiography'

Fig. 13.10 Cholecystectomy
(a) Principal steps in cholecystectomy. (b) Cannula for operative ¢ holangiography.

satisfied that no stones remain, the common bile duct
can be closed without T-tube drainage.

Procedures to facilitate bile duct drainage

When the common bile duct is grossly dilated and
contains multiple stones, it may be difficult to ensure
complete stone clearance at exploration. This is because
fragments of stone adhere to the wall. Furthermore, such
a duct is usually stretched and baggy and remains so
postoperatively, predisposing to stasis and further stone
formation. It is therefore a useful precaution to make
an anastomosis between the bile duct and adjacent
duodenum known as a choledocho-duodenostomy. This
ensures bile drainage even if stones or debris have been
left behind. The anastomosis must be wide or it will
predispose to ascending cholangitis.




An alternative operation, transduodenal sphinctero-
plasty, involves opening the second part of the duo-
denum and splitting the sphincter of Oddi by a large
longitudinal incision. The mucosal edges are then
sutured in apposition to minimise stricture formation.
This operation may also be used to remove a firmly
impacted stone from the lower end of the common duct.
After any operation in which bile ducts are opened, an
abdominal drain should be placed nearby to minimise
the hazards of any biliary leakage. Few of these
operations are performed nowadays as these patients are
often better and more safely managed by endoscopic
sphincterotomy.

Gallstone disease and related disorders

Fig. 13.11 Operative cholangiogram and
T-tube and cholangiogram

(a) Normal operative cholangiogram. The bile ducts
are not dilated, the hepatic ducts fill and contrast
flows easily into the duodenum. There are no filling
defects in the duct and the duct tapers normally at
its lower end. (b) Operative cholangiogram showing
stone at lower end. This poorer quality image was
seen better on the screen of the image intensifier
used in the operating theatre. A filling defect
(arrowed) is seen towards the lower end of the
comman bile duct representing a stone. This was
removed at operation via a choledochotomy,

A T-tube was placed into the bile duct, draining to
the exterior. {¢) T-tube cholangiogram. This series
was taken 10 days after operation. The tube can be
seen in situ and there is no evidence of retained
stones (contrast Fig. 13.5 earlier). The tube was
therefore removed

ENDOSCOPIC MANAGEMENT OF BILE DUCT STONES

With the widespread availability of ERCP and endoscopic
sphincterotomy, stones in the common duct can often
be retrieved without an open operation. This technique
represents a real advance in the management of duct
stones over the earlier need for open surgery. Endoscopic
sphincterotomy may be employed in the following
circumstances:

® Urgent drainage of the bile duct in obstructive
jaundice complicated by cholangitis. Definitive
surgery can thus be deferred until the risks of
infection have been overcome

-«
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® Retrieval of stones missed at operation. This avoids a
difficult and hazardous operation to explore or re-
explore the duct

® Removal of duct stones in patients unfit for operation

® Some cases of acute pancreatitis due to gallstones

@® Preparation of a jaundiced patient for elective gall

bladder surgery

LAPAROSCOPIC MANAGEMENT OF GALL BLADDER
DISEASE

Absolute contraindications to laparoscopic cholecyst-
ectomy include generalised abdominal infection, the late
stages of pregnancy and major bleeding disorders.
Relative contraindications for less experienced surgical
teams include morbid obesity, acute cholecystitis, un-
treated bile duct stones including obstructive jaundice,
acute gallstone pancreatitis, previous abdominal surgery
(adhesions) and intra-abdominal malignancy.

Patients undergoing laparoscopic surgery should ke
prepared for and have consented to open surgery in case
conversion proves necessary. In most centres, 5-10% of
elective patients require conversion. If bile duct stones
are suspected, a preoperative ERCP (or equivalent
magnetic resonance investigation) is advisable and stone
extraction is carried out if necessary as ]apnr:_m‘upiu
exploration of the bile duct has not yet proved its value.
With experience, at least 95% of stones can be success-
fully extracted by endotherapy. Some surgeons favour
operative cholangiography in every case to give a ‘road
map’ of the duct anatomy, to exclude bile duct stones

Monitor 1

Upper midline
Midclavicular line ———— . |

Anterior axillary line——

GB

Assistant
on patient’s right

on patient’s left

and to provide experience for when cholangiography is

essential.

Operative technique

A common operating theatre set-up for laparoscopic
cholecystectomy is shown in Figure 13.12. The patient
is anaesthetised and prepared as for open cholecyst-
ectomy but with the addition of a nasogastric tube and a
urinary catheter; this decompresses the stomach and
bladder respectively and minimises the risk of trocar
injury. A pneumoperitoneum is established via an open
Hassan procedure (a safer technique, gradually super-
seding the subumbilical Verress needle) using an auto-
matic gas insufflator. A 10 mm cannula is then placed for
a video laparoscope. The abdominal cavity is inspected
for other pathology and the feasibility of endoscopic
cholecystectomy is then determined.

'hree additional abdominal punctures are usually made
to introduce operating instruments. The cystic duct and
artery are identified and an operative cholangiogram per-
formed if desired via the most lateral cannula or percu-
taneously through the abdominal wall. It is extremely
important to be certain of the ductal anatomy before
cutting anything because of the lack of depth perception,
the distortion introduced by retraction of the gall bladder
and the limitations of the two-dimensional imaging
system.

The cystic duct is doubly ligated with metal clips or
ligatures, the gall bladder is dissected from the liver bed

using diathermy or laser probes; haemostasis is secured.

Monitor 2

Subumbilical port

Fig. 13.12 Operating theatre arrangement for
laparoscopic cholecystectomy

Operating surgeon Instrument—curved dissectors Apphier, and suction
and irrigation tubes. At the mic ular (3) ¢ interiof
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forceps, which are used to retract the o=




The now free gall bladder is usually removed via the
umbilical port. To achieve this, the laparoscope is moved
to the upper midline port and forceps inserted through
the umbilical cannula. The neck of the gall bladder is
grasped and pulled into the cannula and the entire
cannula and gall bladder neck withdrawn through the
abdominal wall. If large stones prevent its passage, the
incision is enlarged. The umbilical fascial defect should
be sutured to prevent herniation but the upper midline
puncture is usually left unsutured along with the lateral
punctures. The nasogastric tube and urinary catheter are
removed before the patient leaves theatre.

RESULTS OF LAPAROSCOPIC CHOLECYSTECTOMY

Most patients are able to walk and tolerate food within é
hours of operation and up to 80% can be discharged
within 24 hours. The time to return to work and other
normal activities appears to be reduced compared with
open cholecystectomy.

The risk of bile duct injuries is undoubtedly related to
the experience of the operating team but overall it is
twice as high in laparoscopic as in open surgery. Bile
duct injuries probably occur in 0.3-1% of patients. The
consequences of bile duct injury can be catastrophic;
patients have died with multi-organ failure resulting
from unrecognised biliary peritonitis whilst others have

Table 13.2 Potential complications of laparoscopic
cholecystectomy

Stage of procedure Complication

Placement of insufflation

needle or trocar

During operation Injuries to bowel

Injuries to blood vessels,

e.g. iliac artery

Diaphragmatic injury with

tension pneumothorax

Bleeding from trocar insertion sites

Subcutaneous emphysema

Late Herniation through trocar entry
points and bowel strangulation

Postoperative

Trauma to biliary system
During operation

Bleeding from cystic or right

hepatic artery

Gall bladder perforation with
spillage of bile and stones
Bleeding and bile leakage from
liver bed

Bile leakage from cystic duct
remnant

Retained bile duct stones
Bowel damage by diathermy or
laser

Postoperative shoulder tip pain

Postoperative

Other complications

Gallstone disease and related disorders

required open operations to repair bile ducts and have
risked the consequences of long-term bile duct strictures.
Other potential complications are listed in Table 13.2.

COMPLICATIONS OF BILIARY SURGERY

The particular complications of laparoscopic cholecyst-
ectomy are listed in Table 13.2. General complications of
cholecystectomy are described below.

The retained stone

Despite considerable care at exploration of the common
duct at open surgery, stones occasionally remain in the
duct system after operation and are revealed by post-
operative T-tube cholangiography. Until two decades
ago, there were only two courses of remedial action. The
first, attempting to flush the stone into the duodenum by
irrigating the T-tube with heparin, saline or bile acids,
was rarely successful. The second choice was a further
laparotomy. Reoperation was technically difficult and
carried a greatly increased risk of morbidity and mortality.
Retained stones are usually retrieved now by ERCP and
sphincterotomy although it is possible to retrieve
retained stones percutaneously via a mature T-tube track
using steerable grasping forceps or a Dormia basket.

Retained stones sometimes make themselves known
many years later, when, having enlarged, they cause
pain or obstructive jaundice. This possibility should be
considered if a patient with previous biliary tract surgery
develops typical pain or obstructive jaundice.

Biliary peritonitis

Bile leaking into the peritoneal cavity is irritant and
causes a chemical peritonitis. If the bile is infected, it
causes generalised peritonitis and sepsis with a high risk
of fatality. Bile tends to leak through suture lines because
of its detergent action. Therefore, whenever the duct
system has been opened, a drain should be left in the
vicinity for at least 5 days. Small leaks after bile operations
usually settle spontaneously but if biliary peritonitis
develops, the area must be drained percutaneously or,
more often, re-explored urgently and drained under
intravenous antibiotic cover.

Bile duct damage

The bile ducts can easily be damaged at cholecystectomy
or common duct exploration unless their anatomy,
which is commonly aberrant, is carefully displayed. The
most serious error is unrecognised transsection or
ligation of the common duct. This presents as a major
biliary leak or increasing jaundice; urgent re-exploration

is mandatory. Lesser degrees of bile duct damage from
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crushing or a careless ligature will heal but eventually
result in a fibrotic stricture. This presents much later
with obstruction. Regardless of how the bile ducts are
damaged, complex reconstructive surgery is usually
required, although endoscopic placement of a long-term
stent allows rescue of some strictured ducts without
operation. In the long term, stents inevitably become
blocked and have to be replaced every 3-6 months.

Haemorrhage

The cystic and hepatic arteries and the vascular liver bed
are vulnerable to operative trauma and bleed profusely.
Removing a grossly inflamed or fibrotic gall bladder is
particularly hazardous. Manoeuvres to control haemor-
rhage may damage other structures, passing unnoticed
at the time; this is a common cause of bile duct trauma.

Hazards of pre-existing jaundice

These are discussed under ‘Obstructive jaundice’ in
Chapter 11 (p. 161).

Ascending cholangitis and other infections

Ascending cholangitis can be a late complication of
biliary surgery where an anastomosis has been formed
between bile ducts and bowel. Reflux of intestinal
contents and organisms takes place continually in such
cases but active infection only occurs when bile stagnates
in the duct system because of inadequate drainage.
Usually the diameter of the anastomosis has shrunk to a
point when it no longer drains adequately. Ascending
cholangitis may also occur early after common duct
exploration for jaundice, since bile in this situation is
nearly always infected. Prophylactic antibiotics should
always be used when operating on jaundiced patients
with duct obstruction to minimise this complication.

Another early complication of biliary surgery is a
subphrenic abscess. This must be considered if the
patient develops an unexplained swinging fever a few
days after operation. Diagnosis may be elusive and is
best made by ultrasound. Treatment is by percutaneous
needle drainage under ultrasound guidance or occasion-
ally by open operation.
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INTRODUCTION

Peptic ulcer disease encompasses disorders of the
oesophagus, stomach and duodenum. The conditions
share the symptom of epigastric pain and all have the
common aetiology of mucosal inflammation associated,
to a greater or lesser extent, with gastric acid-pepsin
secretions, Recent work has demonstrated that perhaps
the most important aetiological factor in gastric and
duodenal ulcer disease is chronic mucosal infection with
the bacterium Helicobacter pylori. Peptic disorders,
together with gallstone disease, are the most common
causes of organic upper abdominal pain.

With the advent of highly effective pharmacologiczl
agents to block acid secretion and more reliable diag-
nostic and treatment monitoring techniques such as
flexible endoscopy, the use of surgery in peptic ulcer

PATHOPHYSIOLOGY OF PEPTIC
ULCERATION

Inflammation, probably initiated by H. pyleri infection
and sustained by the combined effect of gastric acid and
pepsin upon the mucosa, is probably the cause of all
peptic disorders of the upper gastrointestinal tract other

than reflux oesophagitis. H. pylori is a Gram-negative

disease has declined by over 90% in the last 25 years.
More recently, antibiotic and other treatments against H.
pylori promise even greater reductions and perhaps
permanent cure for many peptic ulcer disorders. Most
patients with suspected peptic ulcer disease are treated
empirically by family practitioners; the rest are largely
managed by gastroenterologists. Only a minority present
to surgeons because of failed medical treatment. Rates of
emergency complications such as perforation and
haemorrhage have remained more static but peptic
pyloric stenosis has markedly declined as chronic ulcer-
ation has become less common. Nevertheless, because of
the diagnostic difficulties posed by upper abdominal
symptoms, surgeons still manage many patients who
turn out to have peptic disorders.

microaerophilic spiral bacterium which has the ability to
colonise the gastric mucosa over a very long period. In
many cases, infection appears to have been acquired in
childhood and there is often an association with poor
living conditions in early life. Normally, a dynamic
balance is maintained between the inherent protective
characteristics of the mucosa (the mucosal barrier) and
the irritant effects of acid-pepsin secretions. The delicate
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balance between secretion and protecion may be
disrupted by diminution of mucosal resistance or
excessive acid-pepsin secretion or a combination of both.
In some cases, the mucosal surface may become eroded
by the direct action of some external agent, e.g. strong
alcohol. Whatever the aetiology, the range of patho-
logical outcomes is similar and is summarised in Figure
14.1. If, at any stage, the balance of resistance over attack
is restored, the process is halted and the tissue repaired.
This explains the chronic and remittent nature of peptic

ulcer disease.

OUTCOMES OF BREACHES OF THE MUCOSAL BARRIER

When the protective mucosal barrier is breached, the
delicate underlying connective tissue is exposed to acid-
pepsin attack, l~\L'ilin.u, an acute inl"Ian‘mmtur_\-' response,
[f the protective balance is restored at this early stage, the
inflammation will resolve and the epithelium regenerates.
Little if any residual damage will result. If, however, the
healing balance is not restored, continued acid-pepsin
attack on the unprotected submucosa leads to an acute
peptic ulcer. This tends to become progressively larger
and deeper.

From here, there are several possible outcomes.
Sometimes the ulcerative process continues virtually

Predisposing factors,

unchecked through the full thickness of the gut wall. The
ulcer perforates and intestinal contents escape into the
peritoneal cavity resulting in peritonitis. More often, the
layer of necrotic slough and acutely inflamed underlying
tissue in the ulcer base temporarily resist acid-pepsin
attack. This allows granulation tissue to form which
initiates the process of fibrous repair. If, for example,
acid-reducing drugs are used, the ulcer may heal, leaving
a small scar with normal overlying mucosa. Usually,
however, a tenuous balance is established between
resistance and attack, matched by an unstable equilibrium
between the rate of repair and the rate of tissue destruc-
tion. A chronic peptic ulcer then results which may
persist for many years, its size and symptoms varying as
mucosal resistance and exacerbating factors fluctuate.

If local or systemic factors change and swing the
balance in favour of repair, the lesion may heal completely.
On the mucosal surface, the healed ulcer site is usually
puckered by scar contraction in the muscular wall.
Externally, the serosa is thickened and may adhere to
adjacent structures. If scarring occurs in a narrow part of
the tract, i.e. the lower oesophagus or pyloric region, the
lumen may become even narrower to produce a stricture,
and subsequent acute mucosal inflammation and swelling
may then precipitate obstruction. If healing does not
occur at all, a chronic ulcer may slowly enlarge and

including H.pylori infection of mucosa

Acid-pepsin attack and/or breach of

mucosal protection

Acute inflammation

Destruction of mucosa

Mucosal ulceration

Extension through submucosal and
muscular layers causing deep ulceration

Protective

balance

restored
RESOLUTION
with no scarring

Protective
balance
restored

MUCOSAL
REGENERATION
with minimal scarring

Protective
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REPAIR
with considerable
scarring and distortion
and perhaps pyloric
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Perforation Continued bleeding Erosion of major Granulation tissue
' from mucosal surface blood vessel formed and attempts Variable
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MASSIVE attack and
IRON DEFICIENCY : resistance
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Fig. 14.1 Pathogenesis of peptic ulceration and its possible outcomes




deepen. Continual bleeding from the ulcer may cause
anaemia (p. 160) or ulceration may erode into a large
blood vessel causing major haemorrhage (see Fig. 14.2),
or perforate into the peritoneal cavity.

EPIDEMIOLOGY AND AETIOLOGY OF
PEPTIC ULCER DISEASE

THE SIZE OF THE PROBLEM

Chronic peptic disease is very common in developed
countries, affecting around 10% of the population at
some time in their lives. Duodenal ulcer seems to have a
natural history characterised by recurrent attacks over
5-10 years then a gradual spontaneous remission. About
15% of patients have severe symptoms and aggressive
disease. Peptic ulceration is quite rare in developing
rural communities which may suggest stress or other
factors associated with modern life as additional factors
in the disease. In many sufferers, symptoms are trivial or
sporadic and settle either spontaneously or with the help
of antacids. Medical advice may never be sought.

SITES OF PEPTIC ULCERATION (see l—'ig. 14.3)
Stomach and duodenum

Around 98% of all chronic peptic ulcers occur in either
the duodenum or stomach, and sometimes both at the

Peptic ulceration and related disorders
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Fig. 14.2 Bleeding gastric ulcer—histopathology

Post-mortem specimen showing the base of a bleeding duodenal

ulcer. The inflammatory process has destroyed the mucosa,

submucosa and most of the muscle wall, these being replaced by

ulcer slough S. The ulcer has eroded into a medium-sized artery A

he patient died from massive haemorrhage

same time. The most common sites are in the first part of
the duodenum (duodenal bulb) or the gastric antrum,
particularly along the lesser curve. A chronic stomal
ulcer may also appear at the margin of a surgically
created communication between stomach and intestine
(gastroenterostomy).

Crura of diaphragm

Anterior vagus nerve ——

Oesophagus

Posterior vagus nerve

Left gastric artery

Coeliac trunk —

Hepatic artery

Gastroduodenal artery

Duodenal bulb (cap)

First part of duodenum—-——— 1

Second part of duodenum—m——

Pyloric sphincter

Stomach

Fundus

Cardia

Greater curve

Body

i Incisura

Lesser curve

-Antrum

Right gastro-epiploic artery

Rignt gastric artery

Fig. 14.3 Surgical anatomy of stomach and duodenum showing common sites of peptic ulceration

Acid secretion by the gastric mucosa is controlled by two mechanisms: (a) the vagus nerve stimulates acid secretion by the parietal cells
(cholinergic stimulation) and (b) gastrin (produced by the APUD cells in the antrum) promotes secretion of acid and pepsin by the parietal and
peptic cells of the fundus and body. The second is mediated via H, receptors. (1) marks the common site for duodenal ulcers which may be
anterior or posterior; {2) the site of pyloric channel ulcers; and (3) the common site of lesser curve gastric ulcers

21



Section

3

212

Symptoms, diagnosis and management: upper Gl and hepatobiliary

In the rare Zollinger-Ellison syndrome, a gastrin-
secreting tumour of pancreatic origin overstimulates
acid-pepsin production and causes severe and wide-
spread peptic ulceration. The ulcers commonly involve
stomach and duodenum and extend into the second part
of the duodenum or even further distally.

Oesophagus

Peptic inflammation and superficial ulceration may
involve the lower oesophagus and it is almost always
secondary to acid-pepsin reflux, which is often associ-
ated with hiatus hernia. H. pylori infection (see below) is
probably not an important factor here. Reflux causes
intermittent destruction of the lower oesophageal mucosa
by acid or bile or both, causing linear ulceration and
prompting vigorous attempts at healing. One outcome is
replacement of the normal squamous epithelium with
metaplastic columnar mucosa. This is known as Barrett's
oesophagus and is the only known predisposing factor
for adenocarcinoma of the lower oesophagus, a condition
that has increased by 70% over the last 20 years (see
Ch. 15, p. 231). Chronic peptic ulcers, similar to gastro-
duodenal ulcers, may also develop at the lower end of

the cesophagus.

AETIOLOGICAL FACTORS IN PEPTIC DISEASE
H. pylori infection

Despite extensive research, the precise aetiology of
peptic ulcers was obscure until recently. The importance
of H. pylori infection as the main initiating factor is
becoming gradually accepted following the pioneering
work of Dr Mitchell in Perth, Australia, in the early
1980s. Prior to this, it had always been believed that
microorganisms could not live in the highly acid
environment of the normal stomach. However, gastric
biopsies frequently showed intramucosal bacteria, which
were eventually cultured in vitro. These spiral-shaped
organisms appear able to penetrate protective surface
mucus and accumulate in the region of intercellular
junctions. There they may excite inflammation, stimulate
excess acid-pepsin or compromise normal protective
mechanisms. In a dramatic demonstration of Koch's
postulates, Mitchell produced a duodenal ulcer in
himself, a few days after ingesting cultured H. pylori. The
ulcer proved to be H. pylori-positive on biopsy and was
cured by anti-Helicobacter antibiotic therapy.

The jigsaw began to fit together when it was found
that peptic ulcers could regularly be successfully treated
with a combination of bismuth and antibiotics. Later
work showed that H. pylori infection in duodenal ulcer

patients was associated with a sixfold increase in gastric

acid production which remitted when the infection was
eliminated. There is now evidence that H. pylori is
carcinogenic, initiating certain types of gastric lymphoma
and some cases of gastric cancer. The broad picture is
now apparent; H. pylori causes a chronic infection with
complications that include gastric and duodenal ulcer,
gastric mucosa-associated lymphoma and gastric cancer.
Only 2-3% of patients with duodenal or gastric ulcers
are H. pylori-negative. Tests for H. pylori infection include
serum anti-H. pylori 1gG, direct tests on gastric biopsies
for urease produced by the organism, hydrogen breath
tests and histological examination of biopsy specimens.

Further details of this fascinating story remain to be
worked out; for example, why not all patients with
H. pylori infection develop upper gastrointestinal lesions,
and why not all patients with gastric cancer have been
exposed to H. pylori,

Acid-pepsin production

Parietal cells secrete acid in direct or indirect response to
acetylcholine, gastrin and histamine. It is likely that the
common mediator is histamine. The final common
pathway for hydrogen ion secretion is via activation of a
specific enzyme, H'/K® ATPase, which exchanges
hydrogen ions generated in the parietal cell for potassium
ions in the gastric lumen. In duodenal ulceration, the
fundamental abnormality appears to be excessive
production of acid-pepsin by the stomach, both basal
(i.e. overnight) and stimulated. This may be a defensive
response to H. pylori infection mediated via a de-
inhibition of APUD endocrine cells of the gastric antrum,
These cells normally secrete gastrin in response to
gastric distension and protein ingestion and are an
important factor in controlling acid-pepsin secretion. In
duodenal ulcer patients, resting gastrin levels are not
elevated but there appears to be an exaggerated gastrin
response to intake of food.

In patients with gastric ulcers, measured acid secretion
is either normal or low, and the essential problem seems
to be diminished resistance to acid-pepsin attack, prob-
ably related to the quantity or quality of mucus
produced. Nevertheless, reduction of acid production by
medical or surgical means is effective in healing gastric

ulcers.

Mucosal resistance

There are several mechanisms which protect the upper
gastrointestinal mucosa against autodigestion. Somato-
statin and prostaglandins are inhibitors of parietal cell
secretion and the latter have other cytoprotective pro-
perties. Two forms of mucus, soluble and insoluble, are
secreted continuously by gastric and duodenal mucosa;
they contain bicarbonate and together maintain the cell




surface pH at neutrality. Mucosal blood flow probably
plays an important part by removing hydrogen ions
which back-diffuse into the cells.

With increasing age, there is reduced turnover of
surface cells and generalised mild mucosal atrophy,
which might explain why the incidence of gastric ulcers
rises with age. Non-steroidal anti-inflammatory drugs
(NSAIDs) prescribed for arthritic disorders are com-
monly and increasingly identified as the causative factor
for acute presentations of peptic ulceration. NSAIDs
probably have their greatest effect systemically via their
blocking effects on prostaglandin production which has
several cytoprotective properties. Indeed, in elderly
patients presenting with upper gastrointestinal bleeding
or perforation, ulceration may occur after only a few
tablets have been taken, or at any stage during a long
period of medication. This risk is not diminished by
enteric-coated preparations, nor by administration by
routes other than orally. The risk of NSAID-induced
ulceration increases steeply in later life. All of these
drugs have been incriminated and their power to pro-
voke peptic ulceration is in direct proportion to their
effectiveness at relieving arthritic symptoms. A history of
‘indigestion’ in patients taking NSAIDs must be taken
seriously.

INVESTIGATION OF SUSPECTED PEPTIC
ULCER DISEASE

The diagnosis and management of peptic disorders relies
mainly on flexible endoscopy which revolutionised the
process after its introduction in the late 1960s. Barium
meal contrast radiography has largely been superseded
for this purpose.

ENDOSCOPY

Oesophago-gastro-duodenoscopy, also known as OGD
or gastroscopy, involves visual examination of the
mucosa using a steerable, flexible endoscope. Gastro-
scopy enables direct and comprehensive examination of
the whole area of the upper gastrointestinal tract which
is prone to peptic ulcer disease.

In peptic ulcer disease, gastroscopy has definite
advantages over contrast radiography, which by its
nature can only demonstrate substantial structural
abnormalities and then only as two-dimensional images.
Shallow mucosal abnormalities such as superficial ulcer-
ation or vascular malformations are invisible on barium
meal but can be directly inspected and diagnosed from
their endoscopic appearance. Distortion resulting from

INVESTIGATION AND CLINICAL FEATURES OF PEPTIC DISORDERS

Peptic ulceration and related disorders

Other mucosal irritants

Alcohol, aspirin and other NSAIDs are all known to
induce acute mucosal inflammation directly (acute
gastritis). In a susceptible individual, the inflammation
may persist, resulting in chronic ulceration. Prolonged
heavy alcohol intake is also a recognised risk factor.
Reflux of pancreatic digestive enzymes back through the
pylorus may also play a part, and is probably caused by
defective pyloric closure. Another possible factor is
antral stasis (perhaps also caused by abnormal pyloric
function), leading to increased gastrin secretion. The area
of the junction between parietal and antral cells on the
lesser curvature of the stomach has been noted to be
particularly vulnerable to gastric ulceration, although
the reason is not understood.

Smoking

Cigarette smoking is twice as common in patients with
chronic peptic ulcer disease as in the general population.
Its pathogenic role is attributed to increased vagal
activity, and its effect on producing relative gastric
mucosal ischaemia. Cessation of smoking, however,
greatly assists in the healing of peptic ulcers.

previous disease or surgery often interferes with radio-
logical interpretation. This too can usually be overcome
by endoscopic inspection.

Benign gastric or oesophageal ulceration can be
reliably distinguished from malignancy if endoscopic
biopsies are taken from several places around the ulcer
edge. In patients with peptic disorders, biopsies of distal
gastric mucosa are now taken routinely to investigate
H. pylori infection.

In acute upper gastrointestinal haemorrhage, gastro-
scopy is almost mandatory, as described in Chapter 12,
p. 185. Gastroscopy can identify the site of the bleeding
and is particularly useful if gastro-oesophageal varices
are suspected to be the source of bleeding. Gastroscopy
also allows recognition of features which can help
stratify patients into low or high risk of rebleeding and
provides an important means of treating bleeding sites
by injection of vasoconstrictors or sclerosants.

CONTRAST RADIOLOGY

Contrast radiography of the upper gastrointestinal tract
involves the patient swallowing barium suspension
(barium meal). Its passage is followed through the upper
gastrointestinal tract by fluoroscopic imaging, with
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points of special diagnostic importance recorded on film
or electronically. During the investigation, the patient is

tilted and rolled in various directions to demonstrate the

whole region of interest. Effervescent tablets are given
to produce gaseous distension of the stomach and
duodenum and spread the contrast in a thin, even layer
over the mucosal surface. This standard double contrast
technique improves the imaging of mucosal detail,
particularly when the duodenum is relaxed by giving

intravenous anticholinergic
butylbromide.

drugs such as hyoscine

in Table 14.1

PRESENTING FEATURES OF PEPTIC
ULCER DISEASE

The various ways in which peptic inflammation affects

the oesophagus, stomach and duodenum are summarised

Epigastric pain (usually described as ‘boring’, ‘gnawing
or ‘burning’) is the principal presenting symptom and is
common to peptic disorders whatever the site. Pain is
often accompanied by other forms of discomfort, often

Table 14.1 Clinical consequences of peptic ulcer disease in different anatomical sites

Pathological process

Oesophagus
Transient acid-pepsin reflux
Recurrent acid pepsin reflux or

failure of oesophaqus to ex

by peristalsis (often found in

Stomach

Acute gastric irritation, e.g. by
NSAIDs or alcohol

Acute reduction in mucosal resistance

mic intiam

response

syndrome (usually in

intensive therapy unit patients or
after burns)

Chronic H. pylori infection, probably
with longstanding diminished

resistance 1o acid-pe

Duodenum

Episodic acid-pepsin attach

causing pyloric stenosis witl

superadded acute inflammation

and mucosal swelling
Both stomach and duodenum

Penodic loss of protective equilibrium
Erosion of a major vessel ir

Unchecked ulceration

Clinical lesion

Mild reversible a

ute inflammation, i.e. transient

Acute (reversible) mucosal inflammation, I.e. acute

gastritis or erosive/haemorrhagic gastritis

Widespread superficial gastric ulceration

_hronic or recurrent gastric ulceration

Acute

Versiie) mucosal inflammation,

i.e. duodenitis

Jiceration Ive pyloric canal)

current ul

Severe haemorrhage

Perforation and peritonitis

Symptoms

Epigastric pain, vomiting, acute upper
gastrointestinal bleeding

May bleed uncontrollably or perforate

Epigastric pain—characteristically
exacerbated by food (esg
spicy), anorexia and v
nptoms ot chron

ecially if acid or

ght loss

¥ o .'"F:"'"\' anaemia

omiting

A d‘."’"','-'}h]'."_:'ll shock, gross

electrolyte disturbance (hypochloraemic

alkalosis)

tent symptomatic episodes

Massive haematen i melaena

Acute severe abdominal pain and shock




described by the patient as ‘indigestion’ or ‘dyspepsia’. A
more specific description may suggest particular diagnostic
entities. Retrosternal pain (‘heartburn’) suggests reflux
oesophagitis, whereas bitter regurgitation (‘waterbrash’)
is characteristic of both oesophageal reflux and duodenal
ulceration. Nausea or vomiting, anorexia (loss of appetite)
and abdominal fullness or bloating are common in gastric
ulcer and pyloric stenosis, but may also occur in a
variety of other upper gastrointestinal disorders, e.g.
gallstone disease and irritable bowel syndrome.

The relationship of symptoms to food intake may
help to distinguish gastric from duodenal ulceration;

Peptic ulceration and related disorders

gastric ulcer pain is typically exacerbated by food and
duodenal ulcer pain relieved by it.

Untreated peptic disorders are by nature protracted,
with exacerbations and remissions over weeks or months.
Symptoms tend to follow the disease activity and often
wax and wane over many years before finally remitting.

Peptic ulcers may be virtually asymptomatic, parti-
cularly those caused by NSAIDs. Recognition then
depends on acute presentation with bleeding or perfor-
ation or on investigation of iron deficiency anaemia.
Asymptomatic peptic ulceration should always be
suspected if there is no obvious cause for anaemia.

UTE CLINICAL PRESENTATIONS OF PEPTIC ULCER DISEASE

PEPTIC DISORDERS OF THE
OESOPHAGUS

Reflux of gastric contents is associated with all peptic
disorders of the oesophagus. These range from mild
reversible inflammation, through moderate acute inflam-
mation with superficial ulceration (reflux oesophagitis),
to severe persistent inflammation. The latter may lead to
fibrotic scarring and stenosis (see Fig. 14.4) and some-
times chronic peptic ulceration. In many patients, reflux
is associated with hiatus hernia (see Ch. 15, p. 230) but in
the remainder, the mechanism of the damaging reflux is
poorly understood.

Barium meal examination is often more useful than
gastroscopy for demonstrating strictures, hiatus hernia
or the existence of gross reflux and the relationship of
abnormalities to the level of the diaphragm; both
investigations are usually necessary.

On gastroscopy, reflux oesophagitis is characterised
by mucosal reddening and in more severe cases, by
typical linear superficial ulceration (see Fig. 14.5). Peptic
strictures occur only in the last few centimetres of the
distal oesophagus and are recognised if the lumen is
found to be too narrow to allow the endoscope to pass,
The stricture is usually located just above the oesophago-
gastric junction, which often lies above the diaphragm
because of inflaimmatory shortening of the oesophagus.
The normal oesophago-gastric junction is about 40 cm
from the incisor teeth when seen on endoscopy. The
mucosa near the stricture varies in the amount of inflam-
mation and ulceration present. Specialised intestinal meta-
plasia, dysplasia and carcinoma must be excluded by
biopsies because the visual appearances may not be
characteristic. Occasionally, a deep chronic ulcer occurs
in the lower oesophagus; this looks and behaves like a

gastric or duodenal ulcer. When squamous oesophageal
epithelium is repeatedly damaged by reflux, it may be
replaced by metaplastic columnar epithelium. This is

known as Barrett's oesophagus and there is strong evi-
dence that it predisposes to malignant change. If found, it
should be biopsied to exclude dysplasia. When dysplasia
is severe, there is about a 1% annual risk of malignant
change and continued surveillance or surgery is needed.

PEPTIC DISORDERS OF THE STOMACH

Peptic disorders of the stomach range from mild inflam-
mation (gastritis) to chronic gastric ulcers, and most
often occur in the antral region and along the lesser
curve beyond the incisura.

Chronic gastric ulcers must be distinguished from
malignant ulcers. The site may aid recognition of a
benign ulcer, but carcinoma may occur in any part of the
stomach, although the region of the gastro-oesophageal
junction is now the most common site of gastric
carcinoma. Malignancy can only be excluded by histo-
logical examination of multiple representative biopsies
taken from around the ulcer circumference (not the base)
or by examining the whole ulcer in a resection specimen.
In most cases, carcinoma probably arises de novo but
occasionally a benign ulcer may undergo malignant
transformation.

GASTRITIS

Gastritis can only be proved by endoscopy and appears
as widespread reddening of the mucosa. The inflamed
mucosa is often awash with bile, and the condition is
sometimes referred to as ‘biliary gastritis’ on the
assumption that it is caused by the irritant effect of
biliary and pancreatic secretions. Acute gastritis, often
caused by alcohol (chronic alcoholism or single alcoholic
binges) or aspirin ingestion, can cause symptoms of
sufficient severity to warrant gastroscopy. The mucosa
often exhibits patchy shallow ulceration (erosive gastritis)
and is friable and easily traumatised, causing bleeding.
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Fig. 14.4 Peptic stricture of the oesophagus

(a) A barium swallow in 3 60-year-old woman v romplained of burning retrosternal pain when ly everal yea

recent onset of pain and difficul 5 is .'”:‘___” chi thie i " ph nd Y

which hes above the level of the diaphraarn owed ming fing haty 1ere 3 1ig n the last 2 cn the
oesophaqus due to a peptic stricture S {b) 4 ar magnificatio oariun in £ 12 crater of a chre peptic ulcer U immediately

above the stricture

STRESS ULCERS

Acute ‘stress’ ulcers are single or multiple small discrete
superficial lesions that may develop rapidly in seriously

ill patients. This condition may be a complication of
extensive burns, systemic sepsis (possibly via visceral
hypoperfusion), multiple trauma, major head injuries,
uraemia or terminal illness. Stress ulcers typically present
with haemorrhage (haemorrhagic gastritis) which is
sometimes catastrophic, and occasionally with perforation.
There is minimal mucosal inflammation around the
ulcers and the aetiology may be primarily mucosal
ischaemia rather than peptic. The risk of this life-
threatening complication can be minimised in vulnerable
patients by prophylactic treatment with mucosal
protective agents, e.g. sucralfate.

Fig. 14.5 Reflux oesophagitis
Gastroscopic view of the lower end of yphagus in a woman of CHRONIC GASTRIC ULCERATION
irreqular f beefic e !!,1:‘. cause . ,.;.",f.-_ at Chronic gastric ulcers vary greatly in size but the majority

216 healing. Further scarring may cause stricture formation are small (less than 2 em in diameter). Giant ulcers (up
J }




to 10 cm) are occasionally seen in the elderly; if posteriorly
situated, they may erode through the stomach wall,
obliterating the lesser sac and adhering to the surface of
the pancreas (Fig. 14.7b). In these cases, the ulcer base or
floor is composed of pancreatic tissue and catastrophic
haemorrhage may occur. Often symptoms prior to the
acute event are minimal.

Benign gastric ulcers are typically regular in outline
with a base consisting of white fibrinous slough. The
ulcer gives the impression of having been punched out
of the gastric wall, and there is no heaping-up of the
mucosal margin as seen in malignant ulcers. The
surrounding mucosa is surprisingly normal, although
there may be radiating folds resulting from fibrotic
contractures. The typical endoscopic appearance of a
gastric ulcer is shown in Figure 14.6(a) and the barium
meal appearance in Figure 14.7,

Peptic disorders of the stomach typically cause severe,
often disabling, epigastric pain which tends to be
exacerbated by food, especially if acidic or spicy. The
pain may be so severe that patients lose weight and
develop a fear of food. Symptoms tend to persist for
weeks or months, fluctuating in intensity and then
disappearing completely, only to recur weeks or months

(a)
Fig. 14.6 Peptic ulcers
(a) Lesser curve benign gastric ulcer as seen through a gastroscope
At the original examination, the ulcer could be viewed frc

m several

directions anc DIOpPSIE to exclude mal gnancy

(b) Pt

auod

F v

raph taken at emergency laparotomy for bleeding
3l ulcer. The gastric antrum 1S seen at A; t
openeg '!_.'"Igif_'.lclq.all'-
identified (arrowed

lorus has been

id a deep chronic postenor ulcer crater is

Thrombus T overlying an eroded artery 1s visible
(Dieu-la-foy lesion). A bleeding artery in the ulcer crater was under-
run with sutures to arrest the haemorrhage
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later. Symptoms are a poor guide to disease activity or
response to treatment. Indeed, major ulcers may be
silent. Both can be monitored only by repeated gastro-
scopy until healing. A rare complication of peptic disease is
perforation of a gastric ulcer into the transverse colon. The
resulting gastro-colic fistula causes true faecal vomiting,.

PEPTIC DISORDERS OF THE DUODENUM
DUODENITIS

Duodenitis, a non-ulcerative form of duodenal inflam-
mation, has a similar endoscopic appearance to gastritis.
It is commonly discovered in patients suspected of
having duodenal ulceration, and probably represents a
mild form of peptic discase.

CHRONIC DUODENAL ULCERATION

Chronic duodenal ulcers almost exclusively occur in the
pyloric channel and the first part of the duodenum. The
latter area is known endoscopically as the ‘duodenal
bulb’ and radiologically as the ‘duodenal cap’. On endo-
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e §F5:
Fig. 14.7 Chronic gastric ulcer

L

(b)

(a) Double contrast barium meal in a 54-year-old man with a 6-month history of epigastric pain after meals. A gastric ulcer crater GU cont 3iNiNg

barium Is seen on the lesser curve. Abnormal folds of gastric mucosa radiate out from the ulcer, Endosce
vho suftered a haematemesis. The patient had b

a giant gastnic ulcer (outline arrowed) on the lesser

malignancy. (b) Barium meal in an 88-year-old woma
inflammatory drugs for several months. The X-ray sh

scopy, duodenal ulcers have a range of appearances
similar to chronic gastric ulcers. There is usually a single
ulcer but two or more ulcers at one time are common
(‘kissing ulcers’). Malignancy is very rare in the duodenal
bulb, so biopsy of the ulcer for this purpose is seldom
necessary; biopsy of the gastric antrum for confirmation
of H. pylori infections is, however, indicated. The radio-
logical characteristics of duodenal ulcers are shown in
Figure 14.8.

Duodenal ulcer symptoms follow the same general
pattern as for gastric ulcer but with important exceptions.
The pain tends to appear several hours after a meal
(‘hunger pain’) and is relieved by eating. A typical
history includes episodic early morning waking (often
around 2 a.m.) with epigastric pain; this pain is relieved
by drinking milk and eating bland foods. Consequently,
patients tend to gain weight from the increased intake of
food and milk. This is in contrast to the weight loss often
associated with gastric ulcer. Symptoms in duodenal
ulcer are more useful as a guide to disease activity and
response to treatment than in gastric ulcer; this, and
together with the rare association with malignancy,
removes the need for regular gastroscopic follow-up in
most cases of duodenal ulcer,

w and biopsy are indicated to exclude
) taking non-steroidal anti-

curve, partly filled with barium.

NON-ULCER DYSPEPSIA

This condition is by far the most common set of
symptoms in patients with upper abdominal pain. The
cause is unknown and the diagnosis is made by exclud-
ing peptic ulcer disease and other organic diseases on
the basis of a very long history, atypical symptoms and,
if appropriate, negative gastroscopy. There is probably a
range of causative mechanisms, from ‘excess acid’ to
irritable bowel syndrome. Treatment is generally sup-
portive. Some patients respond to mild antacids, others
to dietary modification and yet others to changes in
lifestyle to reduce stress. If they are H. pylori-positive on
biopsy or other test, eradication is probably indicated,
particularly where there is a family history of gastric
carcinoma. Unfortunately, there is a poor correlation
between elimination of infection and relief of symptoms.

MANAGEMENT OF CHRONIC PEPTIC
ULCER DISEASE

Both the nature and the management of peptic ulcer
disease have undergone extraordinary changes over the




(a)

past four decades. The aim of treatment has always been

to heal the ulcer with the minimum harm or incon-
venience to the patient and with the lowest risk of
recurrence. Several decades ago, medical management
was relatively ineffective and was largely confined to
antacid drugs, bland diets and bed rest. The only
definitive treatment was major surgery and it was
widely employed, often after a long period of chronic
symptoms. Surgery was deferred as long as possible in

the hope of spontaneous remission, and patients often
had to ‘earn’ their operations by years of suffering!
Partial gastrectomy offered the best cure rate and was

Peptic ulceration and related disorders

Fig. 14.8 Chronic duodenal ulceration

Barium meal examinations; stomach marked S, duodenum D and
pylorus P in (a) and (b). (a) A 35-year-old man complaining of
epigastric pain at night and before meals. The X-ray shows a deep
chronic duodenal ulcer U with contrast filling the ulcer crater; on
either side are large areas free of contrast O caused by a ring of
pedematous duodenal mucosa surrounding the ulcer. (b) Two
contrast-filled duodenal ulcers U in a 50-year-old male who smoked
heavily. Note the otherwise normal duodenal appearance

(c) Endoscopic view of less

esent for about 4 months. it does

urve gastric ulcer. This ulcer has

not show

scarring and distortion of the gastric wall that

would be

characteristic of long standing ulcers

thus the most common operation despite its mortality of
2-10% and its serious long-term complication rate. Later,
various versions of vagotomy were shown to be almost
equally effective, but with fewer complications.

The principles of modern management of peptic
disorders are summarised in Box 14.1.

CONTROL OF PREDISPOSING OR AGGRAVATING
CAUSES

The patient’s history may reveal adverse factors which
can be easily eliminated. These are summarised at the
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start of Box 14.1. Radical dietary modification is un-
necessary; patients should merely be advised to avoid
food which they find aggravates the symptoms. Spicy or
acidic foods are often blamed.

Aspirin and other NSAIDs should be avoided,
although this is often difficult in patients with arthritic
disorders; the detrimental effect of these drugs is greatest
in the elderly, the main sufferers from arthritis. The
ulcerogenic effect of these drugs is directly proportional
to their effectiveness and relates largely to their systemic
anti-cyclo-oxygenase activity. There is therefore little to
be gained from changing drugs within the group or by
using them in enteric-coated or suppository form. If
NSAIDs cannot be avoided in patients with a predis-
position to peptic ulceration, concurrent use of cyto-
protective drugs may be indicated.

Recently introduced specific cyclo-oxygenase 2
inhibitors (COX-2) hold out a better hope of avoiding
adverse NSAID effects on the upper gastrointestinal
tract. COX-1 is an enzyme present throughout the body
that initiates the production of prostaglandins, kev

SUMMARY

Box 14.1 Principles of management of peptic
disorders

Control of predisposing or aggravating causes

® Modify diet, reduce alcohol intake, cease smoking,
avoid irritant and ulcer-provoking drugs (aspirin and
other NSAIDs), avoid stress, reduce oesophageal
reflux by losing weight and attention to posture

Elimination of proven H. pylori infection
@® Triple therapy with anti-acid, bismuth and antibiotic
combinations

Diminishing of irritant effects of acid-pepsin
@® Simple antacid drugs, alginate preparations,
liquorice derivatives, bismuth preparations

Administration of mucosal protective agents
® Sucralfate

Reduction of acid secretion

® H,-receptor-blocking drugs (cimetidine, ranitidine),
proton pump inhibitors (PPIs, e.g. omeprazole),
surgical vagotomy (rarely employed nowadays)

Surgical removal of intractable ulcers and gastrin-
secreting tissue
@ Partial gastrectomy

Correction of secondary anatomical problems
@ Dilatation of oesophageal strictures, operations for
pyloric stenosis

mediators in both health and disease. COX-2, on the
other hand, is an inducible form of the enzyme present
at very low levels in normal tissues; in disease, it
stimulates production of prostaglandins that mediate
inflammation and pain.

Patients with oesophageal reflux, especially if associ-
ated with hiatus hernia, can minimise the damage by
simple mechanical measures such as losing weight,
elevating the head end of the bed and avoiding stooping,.

ELIMINATION OF PROVEN H. PYLORI INFECTION

Once H. pylori has been confirmed, treatment involves
a short course of acid inhibition combined with anti-
biotic treatment. Eradication usually produces long-term
ulcer remission, and reinfection with H. pylori is rare. A
triple regimen including a proton-pump inhibitor (e.g.
omeprazole) and two antibiotics (clarithromycin plus
either amoxyecillin or metronidazole) given for 1 week
gives Helicobacter elimination in over 90%. Longer
courses give potentially higher elimination rates but pro-
duce more side effects and lower compliance. Confir-
mation of eradication can be achieved by re-endoscopy
and rapid urease testing, or by breath-hydrogen analysis.

Detects he .‘,,nn'—s.n e ? CLOteSt

o
Posilive & -

H”’r o g CLOt.esJ‘

Fig. 14.9 Proprietary urease testing kit for H. pylori
Biopsi
result read after a set period. A positive results is indicated by the
colour change seen here in (b)

s of gastric or duodenal mucosa are placed in the well and the




DIMINISHING OF IRRITANT EFFECTS OF ACID-PEPSIN

An array of proprietary antacid preparations is available
over the counter and on prescription. When used
assiduously, they promote ulcer healing almost as
effectively as any other drug, although more slowly. The
main active ingredients are few. Sodium bicarbonate
offers rapid but temporary relief of symptoms, while
magnesium frisilicate or aluminium hydroxide promotes
ulcer healing. Some of these agents, however, interfere
with proton pump inhibitors. Colloidal bismuth com-
pounds have been in use for many years. They have an
antacid action and have been found to be active against
H. pylori.

Alginate preparations form a foamy layer on the
surface of gastric contents, coating the upper stomach
and lower oesophagus and protecting it from oesophageal
reflux.

ADMINISTRATION OF MUCOSAL PROTECTIVE
AGENTS

Sucralfate is a complex of aluminium hydroxide and
sulphated sucrose that is minimally absorbed from the
gastrointestinal tract. It is believed to act by binding to
denuded areas of mucosa and protecting them from
acid-pepsin attack. It has been shown to be as effective as
H,-blockers in providing symptom relief and healing
when given in the dose of 2 g twice daily. It does not
interfere with other drugs and is safe in pregnancy. It is
also effective for preventing stress ulcers in seriously ill
patients.

REDUCTION OF ACID SECRETION

Acid secretion by the gastric mucosa is normally controlled
by two mechanisms:

® Direct cholinergic stimulation of parietal cells
mediated via the vagus nerve. This is under reflex
control originating in the cerebral cortex triggered by
the sight and taste of food

® Castrin is secreted by APUD cells in the gastric
antrum and promotes acid secretion via histamine
released from mast cells in the vicinity of the parietal
cells. The histamine receptors on the parietal cells are
distinct from those elsewhere in the body and are
designated as type 2 (H,) receptors; these receptors
are not blocked by standard ‘antihistamine’ drugs
such as chlorpheniramine. Gastrin secretion is partly
controlled by the vagus and partly by local (vagally
independent) reflexes initiated by gastric distension
and the presence of food or alcohol in the stomach

From this, two practical methods have been found to
reduce acid secretion: drugs which selectively block Hy-
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receptors or the proton pump mechanism (described
earlier), and surgical division of the vagus nerve.

H,-receptor blockade and proton pump antagonists

H,-receptor blocking drugs were developed in the 1970s
and were the first ‘medical’ revolution in the manage-
ment of peptic disorders as sole therapy. Cimetidine was
alone in the market for several years but was joined by
ranitidine, which has a few minor advantages but is no
more effective for healing ulcers. H,-receptor antagonists
are highly effective in reducing gastric acid secretion,
Symptomatic response is rapid, usually within a day or
two, and healing follows within a few weeks in 70-90%
of cases. Recurrence rates, however, are high, with 50-75%
recurring within 2 years even with maintenance therapy.

A newer group of drugs, the substituted
benzimidazoles, are extremely potent and reduce acid
production to near-zero by direct inhibition of the proton
pump. Omeprazole is the best known member of this
group and is often employed for oesophagitis, recurrent
ulcers and Zollinger-Ellison syndrome. Where H. pylori
infection is present, the use of these drugs alone is not
recommended as the recurrence rate is unacceptably high.

Vagotomy

Vagotomy was first performed in the 1920s and popular-
ised by Dragstedt from 1943, It gradually superseded
classic partial gastrectomy as the surgical treatment of
choice for chronic duodenal ulcer. The various vagotomy
operations illustrated in Figure 14.10 are now only of
historical interest. The simplest involved dividing the
anterior and posterior vagal trunks close to the abdomi-
nal oesophagus just below the diaphragm (truncal
vagotomy). The operation is effective in promoting ulcer
healing but paralyses gastric motility and slows pyloric
emptying. A surgical drainage procedure, usually pyloro-
plasty ("V & '), less commonly gastro-jejunostomy, was
therefore a necessary part of the operation.

Attempts to reduce the gastric emptying compli-
cations of truncal vagotomy led to operations designed
to preserve the innervation of the distal antrum and
pvlorus whilst denervating the proximal acid-secreting
portion of the stomach. Highly selective vagotomy
preserves the nerves of Latarjet and avoids the need for a
gastric drainage procedure. Early postoperative side
effects are fewer but ulcer recurrence rate is higher than
for truncal vagotomy.

All surgical treatments for duodenal ulcer were eclipsed
by the introduction of the H,-blockers and the operate rate
is now only 1% of that of four decades ago. The vagotomies
are now occasionally employed for chronic symptomatic
duodenal ulceration that recurs after effective elimination

therapy; most are performed laparoscopically.
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Pyloroplasty
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————Loop of jejunum

Fig. 14.10 The vagotomies and gastric drainage procedures (rarely performed nowadays but of historical interest)

(a) Truncal vagotomy is followed by a drainage procedure, either pyloroplasty (Heinecke-Mikulicz is illustrated) o gastro-jejunostomy. In gastro-
[gjunostomy an anastomosis is created to the most dependent part of the stomach; a short efferent loop of jejunum is brought up either in front
of the transverse colon and sutured to the anterior wall of the stomach (antecolic), or behind the transverse colon via an incision in the mesentery
and sutured to the posterior wall of the stomach (retrocolic). (b) Highly selective vagotomy does not require a drainage procedure. Only the
parietal cell mass is denervated, preserving the innervation of the pylcrus and antrum plus the rest of the abdominal viscera.

SURGICAL REMOVAL OF INTRACTABLE ULCERS AND
GASTRIN-SECRETING TISSUE

Partial gastrectomy was occasionally used for patients
where medical management had failed to heal a benign
gastric ulcer or to treat repeated recurrences. The operation
had the dual role of removing the ulcer and the gastrin-
secreting mucosa. The classic gastrectomy for chronic
gastric ulcer was known as the Billroth I type (Billroth,
1881) and involved removing the distal two-thirds of the
stomach. The gastric remnant was then anastomosed to
the first part of the duodenum (see Fig. 14.11).

The standard partial gastrectomy for duodenal ulcers
was a Polya-type gastrectomy, also involving resection
of the distal two-thirds of the stomach but anastomosing
the cut end of the stomach to the side of a loop of

proximal jejunum (gastro-jejunostomy). The cut end of
the duodenum (duodenal stump) was closed and the
ulcer left in situ to heal (see Fig. 14.10). Numerous
variations on gastrectomy have been described over the
years and many still carry their authors’ names, e.g.
Polya (1911), Finsterer (1909), Billroth 11 (1881), Hofmeister
(1908), Balfour (1934). The use of eponymous titles to
describe particular operations has become somewhat
confused but the essential difference is whether the
gastric remnant is anastomosed to the duodenum
(Billroth I-type) or to a jejunal loop (Polya-type).

In general, partial gastrectomy was highly effective in
relieving symptoms and preventing recurrence of peptic

disease but long-term side effects were a serious problem
affecting 30-40% of patients.




Bilroth | gastrectomy for GU

3
Wy
“k\\\\\\\\\%
Ly
2/
Gastric ulcer Duodenum

Polya-type gastrectomy for DU

q Sto ma|

Wy

((rr"ffrmu]

2/,
| |
|
|
|

Rest of cut end of
stomach closed to
produce ‘valved’
anastomosis which
narrows stoma and
perhaps directs
pancreatico-biliary
secretions to jejunum
not stomach

Duodenal ulcer

Duodenal ulcer left in situ

Duodenal stump oversewn

Fig. 14.11 Types of partial gastrectomy formerly
performed for peptic ulcer disease

Complications and side effects of partial
gastrectomy

Partial gastrectomy is a major operative procedure yet
recovery tends to be surprisingly straightforward. A
small proportion of patients develop serious compli-
cations such as duodenal stump leakage and anastomotic
breakdown. However, the main complications of partial
gastrectomy occur in the long term and may not become
manifest for years (see Box 14.2). Recurrent ulceration
after partial gastrectomy was rare and occurred in the
gastric remnant or at the stomal margin. The usual

The emergency presentations of peptic ulcer disease are
acute haemorrhage, perforation and, much less commonly,
pyloric stenosis. Peptic ulcer disease was responsible for

Peptic ulceration and related disorders

KEY POINTS

Box 14.2 Side effects of partial gastrectomy

® Inability to eat normal-sized meals due to reduced
gastric capacity

® '‘Dumping’ due to rapid emptying of stomach
contents—common but most patients adapt with
time

® Episodic bilious vomiting due to reflux of bile into
stomach via the anastomosis

® Tendency to bolus obstruction of the gastric outlet
stoma

® Weight loss due to a combination of above factors
and malabsorption—especially common in women

@® Vitamin B,, deficiency due to loss of gastric intrinsic
factor; may presents as macrocytic anaemia or
subacute combined degeneration of the spinal
cord—potentially catastrophic, occurring many
years after operation and preventable by regular
vitamin B,; (hydroxycobalamin) injections

@ Iron deficiency anaemia due to reduced iron
absorption—common but easily prevented by
taking iron tablets, e.g. once weekly

® Malignant change in gastric remnant possibly due
to bacterial production of carcinogens—rare

reason was that insufficient stomach had been removed
but occasionally malignant change was responsible (3%
risk over 15 years). Abnormally high acid production
was another cause, sometimes due to Zollinger-Ellison
syndrome or hyperpa rathyroidism.

CORRECTION OF SECONDARY ANATOMICAL
PROBLEMS

The main anatomical problems secondary to peptic
disease are oesophageal stricture (p. 232) and pyloric
stenosis (p. 225).

Oesophageal strictures can usually be managed by
periodic dilatation and medical or surgical treatment of
the underlying cause. With the patient sedated intra-
venously, a guide-wire is inserted across the stricture
endoscopically, and then metal or plastic dilators are
inserted over it. Occasionally, reflux continues to cause

damage and stricturing; it may then become necessary to
perform anti-reflux surgery.

much major emergency abdominal surgery until the
early 1970s. Since then there has been a remarkable
reduction in emergency presentations of peptic ulcer and
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emergency surgery is now a rarity except in elderly
patients taking NSAIDs for arthritic symptoms. This
change was well under way before the introduction of
effective modern drug therapy and can probably be
attributed to the progressive improvement in living
standards following World War II.

HAEMORRHAGE FROM A PEPTIC ULCER

Acute bleeding from a peptic ulcer presents with
haematemesis or melaena or both. Management is
discussed in detail in Chapter 12, p. 185.

PERFORATION OF A PEPTIC ULCER

Perforation of a gastric or duodenal ulcer into the
peritoneal cavity causes peritonitis. Until about 25 years
ago, these perforations were a common cause of an acute
abdomen but the incidence has fallen in parallel with the
general decline in peptic ulcer disease. Nowadays, as
with haemorrhage, perforations of peptic ulcers occur
most commonly in elderly patients taking NSAIDs.
Occasionally, a younger patient presents with a perforated
duodenal ulcer without an obvious predisposing cause.

Duodenal ulcer perforations are two or three times
more common than gastric ulcer perforations. The
perforation typically occurs on the anterior surface of the
duodenal bulb just beyond the pylorus. There is often a
short history of NSAID ingestion, but a long history of
taking such drugs does not rule them out as an
aetiological factor. About half the patients with a peptic
ulcer perforation have had recent ulcer symptoms but
the other half are asymptomatic.

Gastric ulcer perforations are uncommon and occur
only in the elderly. About a third of these are due to
perforation of a gastric carcinoma but present in the
same way as a perforated peptic ulcer. This explains why
the standard surgical treatment for gastric perforation
includes excision or extensive biopsy of the ulcer
Oesophageal peptic ulcers occur much less commonly
and perforate even more rarely.

CLINICAL PRESENTATION OF PERFORATED PEPTIC
ULCER

Perforation of a gastric or duodenal ulcer usually presents
as a sudden onset of epigastric pain, rapidly spreading
to the whole abdomen. The pain is continuous and is
aggravated by moving about. Paradoxically, there may
be vomiting of brownish or even blood-stained fluid. On
examination, the patient is in obvious pain but is not
shocked or toxic.

There is generalised involuntary abdominal guarding,

Fig. 14.12 Gastric outlet obstruction

Barium meal examination in a woman of vho presented with two
sly dehydrated wit
uscitated and a nasogast
huge gastric dilatation and no flow of barium
allstones (GS). The

obstruction proved to be due to chronic duodenal ulceration, but a

5 history of vomiting. -

chioraemic alkalosis. She was re ric tube

passed. This film show

beyond the pylorus

diagnosis of carcinama of the gastric antrum must be considered in

such a patient

which in younger patients is so tense as to be described as
‘board-like rigidity’. There is also generalised abdomi-
nal tenderness but this may only be detectable on firm
palpation because of muscle spasm of the abdominal wall.
Alter several hours, abdominal wall rigidity tends to relax
although tenderness remains. In older patients, rigidity is
less marked because of a lack of muscle bulk. Peptic ulcer
perforation initially causes a chemical, as opposed to
bacterial, peritonitis, unlike more distal bowel perforations.
This explains the lack of general toxicity in the early
stages. If untreated for more than 24 hours, secondary
infection may take place and systemic signs appear.

If posterior wall gastric ulcers perforate, they leak
gastric contents into the lesser sac, which tends to confine
the peritonitis. These patients thus present with more
muted symptoms.

DIAGNOSIS OF PERFORATED PEPTIC ULCER

Diagnosis of an upper gastrointestinal perforation can
usually be made from the symptoms and signs alone. A
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plain erect radiograph of the upper abdomen will often
reveal gas under the diaphragm, confirming the perfor-
ation of a hollow viscus but not its origin. This radio-
graphic evidence of perforation, however, is not always
present. If perforation is suspected but the signs are
equivocal, an abdominal radiograph may be taken after
the patient has swallowed 25 ml of water-soluble contrast;
this may confirm the leakage. Diagnostic gastroscopy is
contraindicated because the stomach must be inflated
during this examination and air and gastric contents
would erupt into the peritoneal cavity.

SURGICAL MANAGEMENT OF PEPTIC PERFORATION

Emergency surgery is indicated in nearly all cases of
upper gastrointestinal perforation. The patient is first
resuscitated and a nasogastric tube inserted. The oper-
ation is most commonly performed at laparotomy, but
there is increasing interest in a laparoscopic approach for
duodenal ulcer perforation. The principles are similar in
either case. At surgery, the abdomen is inspected and the
diagnosis confirmed. ‘Peritoneal toilet’ is performed to
remove fluid and food contaminating the peritoneal
cavity. A perforated duodenal ulcer is usually obvious as
a punched-out hole near the pylorus. An anterior gastric
perforation is also obvious, but a posterior gastric ulcer
is not visible unless the lesser sac is opened, usually
along the greater curve.

In duodenal perforation, simple closure of the
perforation is the treatment of choice, usually perform-
ing biopsies for H. pylori testing. This should be followed
later by Helicobacter eradication therapy.

In perforated gastric ulcer, the classic operation was
Billroth I gastrectomy, including the whole ulcer in the
resection. However, local excision of the ulcer and
simple closure are increasingly employed, provided the
ulcer is believed to be benign. In any case, the ulcer edge
must be biopsied is several places to be sure.

CONSERVATIVE MANAGEMENT OF PERFORATED
DUODENAL ULCER

If an elderly, unfit patient presents late with a perforated
duodenal ulcer, many surgeons treat this conservatively.
This involves nasogastric aspiration, intravenous fluids,
gastric acid suppression and antibiotics. Many of these
patients recover satisfactorily but might have succumbed
with major surgery.

PYLORIC STENOSIS

The pyloric canal and the immediate pre-pyloric area are
common sites of chronic ulceration. Ulcers in this area

are probably aetiologically related more closely to

Peptic ulceration and related disorders

duodenal than gastric ulcers and should be managed
accordingly. There may be typical symptoms of chronic
duodenal ulcer or the presentation may be with pyloric
stenosis and a minimal history of ulcer pain. Chronic
ulceration near the pylorus causes fibrosis which may
progress to stricture formation. In the early stages, this
leads to partial gastric outlet obstruction. An acute
exacerbation of the ulcer leads to mucosal swelling and
pyloric sphincter spasm which then precipitates complete
luminal obstruction.

CLINICAL FEATURES OF PYLORIC STENOSIS

These patients rarely give any recent history of peptic
ulcer pain but tend to present with a short history (a few
weeks at most) of episodic and sometime projectile
vomiting. This is unrelated to eating, and the vomitus
typically contains foul-smelling semi-digested food
eaten a day or more previously. It does not contain bile.
Often patients do not seek medical advice until they
have become severely dehydrated with gross electrolyte
disturbance.

On clinical examination, undernourishment, dehy-
dration, constipation, weakness and weight loss may
dominate the picture. Because the stomach is full of
residual fluid and food, shaking the patient’s abdomen
from side to side produces an audible succussion splash.
Gastric peristalsis may be visible in longstanding cases
and a dilated stomach full of residual food may be
palpable. On plain abdominal X-ray, it may be possible
to see the grossly dilated stomach filled with mottled
food material.

Several gastric washouts using a large-bore oral tube
will be necessary to clear the gastric residue before endo-
scopy or barium meal is attempted.

Nowadays, distal gastric cancer is a more common
cause of gastric outlet obstruction. With cancer, the
obstruction rarely resolves with conservative treatment
whereas benign stenoses usually do.

The differential diagnosis of gastric outflow obstruc-
tion also includes carcinoma of the head of the pancreas
(with or without obstructive jaundice) and, rarely, chronic
pancreatitis.

BIOCHEMICAL ABNORMALITIES IN PYLORIC STENOSIS

The biochemical disturbances in these patients are
complex and depend on the volume and composition of
fluid lost by vomiting and on the body’s compensatory
mechanisms. Hydrogen and chloride are the principal
ions lost in the vomitus. In response, the kidney con-
serves hydrogen ions by exchanging them for sodium
ions (and some potassium ions), which are necessarily
lost in the urine. The kidney also conserves chloride ions
by exchanging them for bicarbonate ions. The net result
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may be a profound depletion of total body sodium
(which is not accurately reflected in the plasma sodium
level), profound hypochloraemia and profound metabolic
alkalosis (hypochloraemic alkalosis). The plasma urea
level is often high as a result of dehydration. Finally, the
proportion of ionised calcium in the serum may fall as a
result of the alkalosis, inducing tetany.

MANAGEMENT OF PYLORIC STENOSIS

The first management priority in gastric outlet obstruc-

tion is resuscitation. Fluid and electrolyte deficiencies are
corrected by infusion of physiological saline with added
potassium chloride. The volume required often amounts
to 10 litres or more. Rehydration will usually return the
blood urea level to normal but may unmask an anaemia
serious enough to require blood transfusion.

Often the obstruction has a significant inflammatory
element, and acid suppression and Helicobacter eradication
will produce a significant clinical response. If these fail, or
malignancy is suspected, endoscopy should be repeated.
Operative treatment may then become necessary.
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L Disorders of the oesophagus
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Hiatus hernia and reflux cesophagitis 230 Oesophac

Achalasia 234 G -oesophageal varices
INTRODUCTION

Diseases of the oesophagus form a small but significant
part of the workload of some general surgeons but the
majority of oesophageal surgery is performed in specialised
units. Most cases are managed by medical gastroentero-
logists except those likely to require surgery, when close
collaboration between medical and surgical specialists is
needed.

Difficulty in swallowing, dysphagia, is the most
common presenting symptom. Reflux oesophagitis and
other peptic disorders of the lower oesophagus (often
associated with hiatus hernia) and oesophageal carci-
nomas are the main conditions encountered. Achalasia
and pharyngeal pouch are occasionally seen; oeso-
phageal web (as in Plummer—Vinson syndrome) and
leiomyoma (see Ch. 16, p. 242) are extremely rare.

Oesophageal varices secondary to cirrhosis usually
present as massive haematemesis. Surgical treatment is
seldom required; most acute cases are now managed

with non-surgical therapy

CARCINOMA OF THE OESOPHAGUS

PATHOLOGY AND CLINICAL FEATURES OF
OESOPHAGEAL CARCINOMA

The oesophagus is lined by stratified squamous epithelium
and thus the majority of oesophageal malignancies are
squamous carcinomas. The rest are adenocarcinomas,
probably derived from metaplastic intestinal mucosa,
i.e. Barrett's oesophagus (see p. 231), and occur in the
lower third of the oesophagus. Tumours at the gastro-
oesophageal junction originate from three areas: the distal
oesophagus, the cardia of the stomach or the subcardial

gastric wall. Both squamous and adenocarcinomatous

forms are usually only moderately differentiated and
behave aggressively.

Oesophageal cancers may fungate into the lumen but
more often infiltrate diffusely along and around the
oesophageal wall. Once through the wall, the tumour
invades surrounding mediastinal organs.

Difficulty in swallowing (dysphagia) is the classic
symptom, but it tends to develop insidiously. Patients
initially have trouble with solids but they tend to com-
pensate (liquidising their food, for example) before seek-
ing medical advice. Later they have trouble swallowing
liquids. By the time a patient presents with dysphagia,
the tumour is often incurable and lymphatic spread to
mediastinal nodes has already occurred. Sometimes,

involvement of other mediastinal organs, e.g. recurrent
laryngeal nerve invasion or an oesophago-tracheal fistula,
produces the first symptoms. Low oesophageal lesions
tend to metastasise to upper abdominal nodes and the
liver,

EPIDEMIOLOGY AND AETIOLOGY OF OESOPHAGEAL
CARCINOMA

'he incidence of vesophageal cancer in Western countries
is relatively low compared with carcinoma of the colon
and stomach. It accounts for about 5% of all deaths from
cancer, with males and females equally at risk. The
disease is usually advanced by the time of presentation,

hence the mortality rate is appalling, with 75% dying
within a year of presentation and only 6% surviving 5
years (see Fig. 15.1)

Oesophageal carcinoma is uncommon before the age
of 50 years. At least 50% of tumours occur in the lower
third of the oesophagus and only about 15% in the upper
third. Heavy alcohol intake is associated with at least a
20 times greater risk and smokers have at least five times
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Fig. 15.1 Survival after diagnosis of oesophageal
carcinoma

the risk of non-smokers; however, these risk factors
classically predispose only to squamous cell carcinoma.

Since 1980 there has been a 70% increase in the
proportion of adenocarcinomas relative to squamous cell
carcinomas in many Western countries. The reason is not
clear, but may be related to the widespread use of acic-
suppressing medication and possibly to alterations in
diet. There appears to be no familial predisposition but
people with structural and functional disorders, such as
peptic oesophagitis and stricture, achalasia, oesophageal
web or pharyngeal pouch, are all at considerably greater
risk of the disease. Most women who develop upper
third lesions have a pre-existing oesophageal web or
pharyngeal pouch, both in themselves very rare.

Areas of exceptionally high incidence have been
reported in China, elsewhere in the Far East and around
the Caspian Sea. There is some evidence that a fungus
which grows on food grain may be responsible. This
epidemiological pattern suggests that chronic local tissue
irritation is an important aetiological factor, with dif-
ferent factors predisposing to the two main histological
types.

INVESTIGATION OF SUSPECTED OESOPHAGEAL
CARCINOMA

Dysphagia or pain on swallowing (odynophagia) in a
middle-aged or elderly patient demands investigation in
order to exclude carcinoma. General physical examin-
ation is usually unrewarding except in very advanced
disease when there may be signs of wasting, hepato-
megaly due to metastases, a Virchow’s node in the left
supraclavicular fossa or sometimes hoarseness as a result
of recurrent laryngeal nerve involvement.

Direct inspection is necessary using a flexible endo-
scope. Biopsies are taken of any suspicious areas. In
addition some surgeons advocate contrast radiography
(see Fig. 15.2b); this will localise the tumour and, if the

lesion cannot be traversed at endoscopy, will show if the
proximal stomach is suitable to use as a surgical conduit.

Staging the tumour

Once carcinoma of the oesophagus is diagnosed, it is
important to establish the extent of local invasion and
discover whether metastasis to thoracic or abdominal
lymph nodes or the liver has occurred; this will deter-
mine whether potentially curative or palliative treatment
is offered. CT scanning is the principal investigation but
it frequently understages the disease. Staging laparo-
scopy can show peritoneal or visceral metastases not
seen on CT scan; some units employ staging thoraco-
scopy to assess the pleural cavity for the same reasons,
Endoscopic ultrasound helps to delineate the tumour
and can often show locally involved lymph nodes. As
the number of involved nodes increases, the chance of
surgical cure diminishes.

MANAGEMENT OF CARCINOMA OF THE OESOPHAGUS

The ideal treatment would be to eliminate the cancer. In
practice, this can rarely be achieved because of overt or
occult spread. Even if cure is impossible, oesophageal
obstruction must be relieved to allow the patient to eat
and to prevent the appalling consequence of complete
obstruction, i.e. inability to swallow even saliva.

Resection of the tumour is mainly employed only when
the aim is cure. For incurable patients with dysphagia,
palliative procedures to restore swallowing can be
effective and are certainly preferable to major surgery,
particularly if life expectancy is short.

Radiotherapy has a role in some patients with
carcinoma of the oesophagus. It can be given alone or in
combination with chemotherapy (chemoradiotherapy)
before surgery (neo-adjuvant therapy) in an attempt to
shrink or downstage the tumour. Alternatively, it may be
given as the sole form of treatment. Intubation of the
tumour may be needed before radiotherapy in the short
term to avoid total obstruction as a result of swelling.
Results of radiotherapy as sole therapy are often dis-
appointing because of adverse local effects. Radio-
therapy thus tends to be reserved for palliation.

The choice of treatment depends on the patient’s fit-
ness and the stage of the disease. Comorbidity due to the
adverse effects of alcohol and cigarettes may influence
the decision, e.g. chronic lung disease, cirrhosis. Cardiac
fitness is assessed clinically and by electrocardiography
(ECG) and sometimes echocardiography. In addition,
spirometry and blood gases should be performed to
assess the patient’s fitness for thoracotomy. If the FEV,
is less than 2L, single lung ventilation used during
thoracotomy is unlikely to be tolerated. A preoperative

staging work-up usually includes CT scanning of chest
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and abdomen and laparoscopy, with endoscopic ultra-
sound if available.

Surgery

Once a decision has been made to undertake surgery, the
choice of operation depends on the level of the lesion. In
general, the aim is to remove the tumour with an appro-
priate satety margin, to perform a two-field lymph-
adenectomy (removing mediastinal and abdominal lymph
nodes) and to achieve a leak-free anastomosis.

Lesions above the carina (the tracheal bifurcation) are
usually dealt with by a three-stage oesophagectomy
known as the McKeown operation, with all stages
performed at the same operation. The first stage is to
mobilise the tumour and the oesophagus via a right
thoracotomy with the patient in the left lateral position.
The second stage involves rolling the patient into a
supine position and performing a laparotomy to allow
the stomach to be mobilised and fashioned into a con-
duit. A third incision is then made in the neck through
which oesophagus and tumour are delivered and the
gastric conduit is anastomosed to the cervical oesophagus.
A cervical anastomosis is safer than an intrathoracic one,
as the consequences of anastomotic leakage would be
less devastating,

Disorders of the oesophagus
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[f the tumour arises lower in the oesophagus, a two-
stage Ivor Lewis operation is usually performed. The
abdomen is opened first, and the stomach mobilised and
fashioned into a conduit. The patient is then turned into
a left lateral position and the right chest opened, the
oesophagus mobilised and the tumour and lymph nodes
excised. Finally the gastric conduit is drawn up into the
chest and anastomosed to the proximal oesophageal
remnant. If this is impossible, a loop of jejunum or a
single end of jejunum (roux-en-Y) is drawn up and used
to make the connection (see Fig. 15.3). Controversy exists
about whether extending lymphadenectomy into the
neck, so-called ‘three-field lymphadenectomy’, is beneficial.
The procedure increases the operative risks and only
appears to benefit a subgroup with proximal tumours
and fewer than five nodes involved.

An operation that has gained some popularity is
transhiatal oesophagectomy. A thoracotomy is avoided
by mobilising the oesophagus and the cancer by blunt
dissection from the abdomen via the diaphragmatic
hiatus and via a neck incision, performing the anasto-
mosis after resection in the neck. However, interest is
waning mainly because of concerns that the safety
margins of excision may be insufficient for potential cure
and adequate lymphadenectomy is impossible in the

chest. There is also an increased risk of damaging veins
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Oesophago-gastric
anastomosis

Anastomosis formed with
sutures (or circular stapler prior
to gastric cl

stomach to match
diameter

ophageal

Divided proximal end of
stomach closed, usually with
linear stapler

Pylorus usually destroyed by
pyloromyotomy or pyloroplasty
to assist gastric drainage

Oesophago-jejunal
anastomosis using Uddin
loop of jejunum

Jejunal loop is drawn up and
side anastomosed to cut end
f oesophagus

of

Side-to-side anastomosis made
further down jejunum

Roux-en-y loop

Jejunum divided and cut distal
end brought up to anastomose
to distal end of oesophagus

— Cut proximal end of jejunum
anastomosed to side of

jejunum further downstream

End result of Roux-en-y loop

—— Oesophago-jejunal
anastomosis
(sutured or stapled)
LN

Closed end of jejunum
(usually stap

Closed proximal end of
duodenum
(usually stapled)

- Jejuno-jejunal anastomosis
end-to-side, sutured

Fig. 15.3 Methods of reconstruction after distal ocesophagectomy and partial or total gastrectomy

in the chest during dissection (particularly the azygos
vein) and causing catastrophic haemorrhage.

fechniques involving combined laparoscopic and
thoracoscopic oesophagectomy are being evaluated but
their role is still controversial. They may be best suited to
early or in situ lesions

Oesophagectomy is always a major undertaking and
carries the potentially fatal risk of anastomotic break-
down. This may lead to mediastinitis, lung abscess or

D | 3 ~
Patients should be made

oesophago-pleural fistula

in relation to the benefits as well as the
expected prolonged convalescent period and long-term
morbidity. Problems include dysphagia, small capacity

for food (early satiety), and reflux.

Inoperable lesions

It u[u-:,lh.\[l 15 -_[|,1}»}‘.1'n[\r|.|h' ||\'-~‘_\:_1}‘-_._1j;‘u._“i: patency can
often be restored by palliative ablation of tumour with

absolute alcohol injections or by cutting a pathway

through the tumour with laser therapy via a gastroscope.
Both of these treatments can be repeated as the tumour
regrows. Alternatively, the oesophagus can be intubated
by inserting a cloth-covered metal stent (see Fig. 15.4) or
a permanent reinforced rubber or plastic tube through
the lesion. This is usually done under intravenous
sedation using the endoscopic technique of pulsion
intubation, after dilatation. These tubes relieve symp
toms, but food has to be liquidised and the tube keplt

‘clean’ by taking fizzy drinks after eating

HIATUS HERNIA AND REFLUX
OESOPHAGITIS

PATHOPHYSIOLOGY

I'he oesophagus is essentially a tube of smooth muscle

conveying food to the stomach by peristalsis. At the

lower end of the \\l"ﬂ\!'il..ls;H\ there is a tonically active




Fig. 15.4 Intubation of oesophageal cancer: cloth-
covered metal stent in situ

This 70-year-old man presented with inoperable carcinoma of the
middle third of the cesophagus. The malignant stricture was dilated
via a flexible gastroscope and a Dacron-covered metal stent inserted
to keep the stricture open as a palliative measure. This lateral chest
X-ray shows the stent in situ

sphincter mechanism. Its activity coordinates with
peristalsis, relaxing to allow food to enter the stomach.
The sphincter mechanism prevents reflux of stomach
contents into the oesophagus. After passing through the
diaphragm, the oesophagus continues for about 2 cm
within the abdomen before joining the stomach. The
sphincter mechanism is not completely understood but
it probably involves several components: a functional
(but not anatomical) sphincter of the oesophageal wall
(immediately above the diaphragm) and the smooth
muscle at the gastric cardia. This is reinforced by con-
traction of the diaphragmatic crura, by the acute angle at
which the oesophagus enters the stomach and by the
‘flutter valve’ effect of intra-abdominal pressure on the
abdominal portion of the vesophagus causing collapse of
the lumen.

Hiatus hernia is an abnormality which occurs when
the proximal part of the stomach passes through the

Disorders of the oesophagus

diaphragmatic hiatus into the chest (see Fig. 15.5).
Around 90% of hiatus hernias are of the sliding type, in
which the gastro-oesophageal junction is drawn up into
the chest and a segment of stomach becomes constricted
at the diaphragmatic hiatus. The hernia tends to slide up
into the chest with each peristaltic contraction. These
hernias may reach a huge size. In the other 10% of cases,
the gastro-oesophageal junction remains below the
diaphragm and a bulge of stomach herniates through the
hiatus beside the oesophagus. These are described as
para-oesophageal or rolling hiatus hernias and are
usually small (see Fig. 15.5). In sliding hiatus hernia, the
lower oesophageal sphincter mechanism often becomes
defective, causing reflux of acid-peptic stomach contents
into the oesophagus. This is not a problem with rolling
hiatus hernias.

Hiatus hernia in adults is commonly associated with
smoking and obesity. Perhaps the pressure of intra-
abdominal fat is contributory. Hiatus hernia can also be a
congenital abnormality presenting in early infancy.

CLINICAL FEATURES OF REFLUX OESOPHAGITIS

Hiatus hernia is common, especially in women, and
becomes more common with advancing years. Only a
small proportion of patients with a hiatus hernia
experience symptoms of acid-peptic reflux, i.e. ‘heart-
burn’, and reflux can occur without a hiatus hernia.
Research has shown that the adverse effects of reflux are
more likely to affect patients with impaired peristaltic
‘clearing’ of gastric contents from the lower oesophagus.
Reflux causes acute inflammation (oesophagitis). This is
experienced as burning retrosternal pain (heartburn),
bitter-tasting regurgitation or other forms of ‘indigestion’.
Symptoms are typically worse at night when the patient
lies flat in bed or on bending forward during the day.

If reflux is severe and persistent, mucosal destruction
is recurrent and inflammation becomes chronic. Pro-
gressive scarring leads to fibrosis of the wall and this
may lead to narrowing (stricture) of the lumen and the
symptom of dysphagia. Longstanding oesophageal reflux
predisposes to the development of Barrett's oesophagus
with normal squamous oesophageal epithelium replaced
by metaplastic columnar mucosa. Barrett's oesophagus is
the only known predisposing factor for adenocarcinoma
of the lower oesophagus, a condition that has increased
by 70% in developed countries since 1980. Histologically,
biopsy may reveal specialised intestinal metaplasia
(SIM) or severe dysplasia, both of which are markers
for malignant change, supporting the metaplasia/
dysplasia/carcinoma model for the evolution of lower
oesophageal cancer.

Occasionally, oesophageal reflux symptoms are severe
and acute, causing chest pain which may easily be
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(a) Sliding hiatus hernia

Oesophagus

: Gastro-oesophageal junction

—~——— Herniated stomach

——— Diaphragm

Fig. 15.5 Types of hiatus hernia

(b) Rolling or para-oesophageal hiatus hernia

——— Oesophagus

— —— Herniated stomach

— Diaphragm

(a) Sliding hiatus hernia, which is common. This type disrupts the physiological anti-reflux mechanism. (b) Rolling or para-oesophageal hiatus

herria, which is rare. The anti-reflux mechanism is usually left intact

mistaken for angina or even myocardial infarction. There
is often an element of oesophageal spasm which, like
angina, is relieved by glyceryl trinitrate and similar
drugs. This may confuse the diagnosis.

In general, hiatus hernia and reflux can be demon-
strated by barium swallow examination (see Fig. 15.6)
but assessment of mucosal inflammation requires endo-
scopy and biopsy. The latter is important to exclude
carcinoma, especially if dysphagia is experienced. In
specialised units, physiological pressure and pH studies
are often used to help determine which patients are
likely to benefit from surgery.

MANAGEMENT OF HIATUS HERNIA AND REFLUX
OESOPHAGITIS

Nearly all patients can be managed conservatively with
surgery reserved for intractable cases. Treatment is aimed
at reducing acid-pepsin activity and preventing reflux.

Reducing reflux

Weight reduction, where appropriate, is the most effec-
tive long-term anti-reflux measure. Changes in the diet
will often of themselves improve symptoms of reflux.
For example, alcohol causes the sphincter to relax and
many medical students can personally vouch for the
combined effect of beer and spicy food. Other foods that
may precipitate reflux are coffee, tea and chocolate.
Reflux can be reduced substantially by taking smaller,
more frequent and drier meals, by using blocks to
elevate the head of the bed at night and by sleeping on
more pillows in an upright position. Smoking induces
sphincter relaxation and quitting often reduces reflux
dramatically. Alginate drugs, available in liquid or
chewable tablet form, produce a foamy surface layer on
the stomach contents and are said to coat the lower

oesophagus, protecting it from the effects of reflux.
These drugs are most effective if taken soon after food.

Prokinetic agents

Drugs which stimulate motility can have a useful effect
in reflux. Metoclopramide is a dopamine antagonist that
stimulates gastric emptying and increases small bowel
transit as well as enhancing contraction of the oeso-
phageal sphincter. Cisapride is a more recent drug with-
out dopamine antagonist action; it is thought to
stimulate motility by releasing acetylcholine in the intes-
tinal wall. This drug is helpful in oesophageal reflux,
gastric stasis and some cases of non-ulcer dyspepsia.

Reducing acid-pepsin production

Reducing acid-pepsin attack is probably the mainstay of
treatment for reflux disease. It is accomplished as for
chronic peptic ulcer disease (see Ch. 14). Simple antacid
drugs and H,-receptor antagonists are sometimes
effective but in severe cases they are inadequate, and
omeprazole or another proton pump inhibitor (PPI), is
the drug of choice. Drugs and food that irritate the lower

oesophagus should be avoided.

Management of strictures

Inflammatory fibrous strictures used to be regularly dilated
with gum-elastic bougies of progressively increasing size
under general anaesthesia via a rigid oesophagoscope.
Nowadays, dilatation is usually performed under intra-
venous sedation using flexible gastroscopy. A flexible
guide-wire is first positioned across the stricture via the
endoscope and graded metal or plastic dilators passed
over the wire to dilate the stricture. If the stricture recurs

and causes dysphagia despite suitable conservative treat-
ment for reflux, an anti-reflux operation may be indicated.
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Fig. 15.6 Hiatus hernia

(a) Sliding hiatus hernia in a 63-year-old w an. The hiatus hernia
and (c) Large incarc
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This usually allows healing of mucosal damage and may Barrett’s oesophagus (having excluded a high risk of
prevent further stricture formation. malignancy by biopsy), which fail to respond to PPI

therapy. The traditional operations for formal repair of
hiatus hernia, performed via chest or abdomen (e.g. Belsey
Mark 1V), have largely been superseded by Nissen
Surgery is reserved for intractable symptoms, recurrent fundoplication. This abdominal (or thoracic) operation

Surgery for hiatus hernia and reflux oesophagitis

stricture and chronic peptic ulceration, particularly with involves dissection of the gastro-oesophageal junction at 23
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the hiatus and wrapping the gastric fundus around the
intra-abdominal portion of the oesophagus to re-create a
flutter valve.

In experienced hands, laparoscopic Nissen fundo-
plication is the operation of choice and allows the patient
a rapid return to normal levels of activity. Clinical trials
have shown the laparoscopic approach to give com-
parable results to open fundoplication.

ACHALASIA

PATHOPHYSIOLOGY AND CLINICAL PRESENTATION
OF ACHALASIA

Achalasia is an uncommon disorder of oesophageal
motility. Normal peristalsis is disrupted throughout the
oesophagus, causing uncoordinated and inadequate
relaxation of the lower oesophageal sphincter.

In pathological terms, there is a poorly understood
neurological defect involving Auerbach’s myenteric
(parasympathetic) plexus. The entire oesophagus is
affected rather than just the cardia, as the obsolete term
‘achalasia of the cardia’” would imply. The condition
presents in two main age groups, young adults and the
elderly. In the latter, the cause may be a central rather
than a local neurological defect. Achalasia, as with any
structural abnormality of the oesophagus, predisposes to
carcinoma.

Clinically, the cardiac sphincter becomes constricted
and the proximal oesophagus dilates with accumulated
fluid and solids. Difficulty in swallowing fluids is the
usual presenting symptom. Solids tend to sink to the
lower end of the dilated oesophagus, whereas fluids spill
over into the trachea causing spluttering dysphagia (see
Ch. 11) and coughing, particularly at night. Vomiting and
retrosternal pain may occur in more severe cases. The
degree of dysphagia tends to vary and probably depends
on the amount of food residue in the oesophagus at the
time.

INVESTIGATION OF SUSPECTED ACHALASIA

Chest X-ray may demonstrate the mediastinal shadow
widened by a dilated oesophagus, and sometimes a fluid
level is visible in the oesophagus behind the heart.
Barium swallow examination reveals gross dilatation of
the oesophagus with a tapering constriction at the lower
end. The constriction barely allows contrast to pass into
the stomach (see Fig. 15.7). Under fluoroscopic screening,
uncoordinated purposeless peristaltic waves can often be
seen; these are described as ‘tertiary contractions’ and are
distinct from the normal co-ordinated pattern of primary
and secondary contractions. Oesophageal manometry is
the cardinal test for achalasia and demonstrates excessive

lower oesophageal sphincter pressure that fails to relax
on swallowing,.

MANAGEMENT OF ACHALASIA

The condition is, by its nature, incurable, and treatment
is directed at relieving the distal obstruction. The standard
operation is via the abdomen, and involves a longi-
tudinal incision of the lower oesophageal and upper
gastric muscle wall until the mucosa bulges through
(Heller’s cardiomyotomy); this is best combined with a
partial Nissen fundoplication to combat the almost
inevitable reflux it will cause. The operation can be
performed open or laparoscopically. Balloon dilatation is
sometimes used as an alternative to operation and
results appear to be virtually as good in experienced
hands. Patients with achalasia should be followed up
and periodically endoscoped to exclude developing
carcinoma (see Fig. 15.8).

PHARYNGEAL POUCH

Pharyngeal pouch is a rare cause of dysphagia. It arises
at the junction of pharynx and oesophagus, and
probably results from lack of coordination between the
inferior constrictor muscle and cricopharyngeus during
swallowing. The result is a progressive mucosal out-
pouching between the two muscles. The condition is best
diagnosed by barium swallow (see Fig. 15.9). Endoscopy
should be avoided in patients with ‘high” dysphagia as
a pharyngeal pouch is easily perforated. Treatment of
pharyngeal pouch is by surgical excision from the side of
the neck, or via a completely endoluminal approach.

OESOPHAGEAL WEB

Circumferential mucosal folds (or webs) may occur in
the oesophagus producing annular narrowing of the
lumen and causing dysphagia. In the upper oesophagus,
they are found in association with severe iron deficiency
anaemia, particularly in women. The triad of dysphagia,
anaemia and atrophic glossitis is known as Plummer-
Vinson or Patterson-Kelly syndrome.

GASTRO-OESOPHAGEAL VARICES

PATHOPHYSIOLOGY OF GASTRO-OESOPHAGEAL
VARICES

Gastro-oesophageal varices result from portal venous
hypertension. The most common cause is cirrhosis of the
liver, usually associated with alcohol abuse. Less com-

mon causes include portal vein thrombosis, hepatic vein
thrombosis (Budd-Chiari syndrome) and schistosomiasis.




(a)

Fig. 15.7 Late-stage achalasia in a 60-year-old man

Disorders of the oesophagus

(b)

(a) The chest X-ray shows gross mediastinal widening caused by a massively dilated oesophagus O filled with food debris. Note the mottled
appearance of the oesophagus and the fluid level F at its upper end. Note also the absence of a gastric air bubble below the diaphragm. This is
characteristic of achalasia. (b) Barium swallow in the same patient. This confirms the findings on the chest X-ray

As resistance to flow and pressure rises in the portal
venous system, abnormal venous communications dev-
elop between the peripheral part of the portal system
and the systemic venous circulation. This is known as
portal-systemic shunting. Multiple large veins appear in
the peritoneal cavity and retroperitoneal area, making
any form of abdominal surgery hazardous. Large sub-
mucosal veins also appear at the lower end of the
oesophagus and gastric fundus and these are known as
gastro-oesophageal varices (see Fig. 15.10). These varices
can produce massive gastrointestinal haemorrhage, poss-
ibly related to rises in intravariceal pressure. Up to 40%
of cirrhotic patients suffer variceal haemorrhage at some
stage.

A further result of portal hypertension is splenic en-
largement. This may cause the effects of hypersplenism,
namely anaemia, thrombocytopenia and leucopenia.
Patients in late stages of cirrhosis also develop ascites.

If massive portal-systemic shunting occurs either
spontaneously or as a result of a surgically created shunt
to treat portal hypertension, portal-systemic encephalo-
pathy may develop. This is due to toxic substances
absorbed from the intestine such as ammonia passing
directly into the systemic circulation without first

traversing the liver where they would normally be
detoxified.

ELECTIVE MANAGEMENT OF GASTRO-
OESOPHAGEAL VARICES

Gastro-oesophageal varices are not usually treated
unless they have bled. Occasionally, elective treatment is
carried out in high-risk cases where haemorrhage is
considered highly likely; with the improving efficacy of
banding and sclerotherapy, some clinicians believe that
lower-risk asymptomatic varices should be treated
electively. After recovery from an acute bleed, however,
varices should be treated at regular intervals by banding
or injection sclerotherapy until they are eliminated.

MANAGEMENT OF BLEEDING GASTRO-
OESOPHAGEAL VARICES

Diagnosis and resuscitation

When a patient with known cirrhosis or varices presents
with massive upper gastrointestinal haemorrhage, the
first priority is resuscitation. Following this, the source of

aln
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Fig. 15.8 Oesophageal carcinoma secondary to achalasia
Malignant stricture S in the middle third of the oesophagus in a 60-
year-old woman with achalasia of long standing. She had a Heller’s
myotomy at the age of 26. Note that this surgery does not alter the
predisposition to carcinoma

haemorrhage is sought by endoscopy. In fact only about
half of these patients will be bleeding from oesophageal
varices. The rest will have bleeding gastric varices, gastric
erosions or Mallory-Weiss tears of the lower oesophagus.
In this last condition, arterial bleeding is the cause and it
does not respond to measures designed to treat bleeding
varices, Occasionally bleeding duodenal or gastric ulcers
are found. The management of the patient varies according
to the diagnosis. Whatever treatment is undertaken, it
must be remembered that cirrhotic patients often have
defective clotting. It is prudent to perform clotting studies
and give specific corrective factors.

Treatment

If bleeding is from wvarices, the mainstay of initial
treatment is an octreotide infusion. More than 75% of
patients initially respond to this therapy. Meanwhile,
resuscitation continues with blood volume replacement,
fresh-frozen plasma and platelets. Excess water and
sodium should be avoided as this rapidly migrates into
the peritoneal cavity as ascites. Hepatic encephalopathy
should be anticipated as a result of the protein load of

Fig. 15.9 Pharyngeal pouch

Lateral view during barium swallow examination in a 41-year-old man
complaining of mild dysphagia; the X-ray shows a contrast-filled
pouch P extending from the pharynx Ph. Note the gas-filled trachea T
lying anteriorly. O = oesophagus.

Fig. 15.10 Endoscopic view of oesophageal varices

This man of 63 was known to have alcoholic cirrhosis and had
suffered one acute Gl haemorrhage, treated successfully by injection
of bleeding varices. The bulging blue masses can be seen protruding
into the oesophageal lumen

blood in the bowel and oral neomycin or lactulose
administered. Delirium tremens may also require treat-
ment if the patient is an alcoholic.




In patients not responding to octreotide, an attempt is
made to apply tamponade. After endotracheal intubation
to protect the airway, a special tube is passed through the
mouth into the stomach and a balloon inflated. Traction
is exerted on the upper end for up to 4 hours to arrest
the haemorrhage. Several varieties of tube are in use: the
Sengstaken-Blakemore tube has separate intragastric
and oesophageal balloons and depends for its action
upon physiological arrest of bleeding. Most cases cease
bleeding with inflation of the gastric balloon alone and
traction, The Linton balloon is an alternative comprising
a single large intragastric balloon (300-600ml) which
allows simultaneous endoscopy and rubber banding or
injection sclerotherapy of varices.

Operative surgery for oesophageal varices has dwindled
in recent years because of the effectiveness of injection
sclerotherapy. Now that the problem of variceal haemor-
rhage can be overcome, the mortality in these patients is
related to the progression of the underlying cirrhosis.

If variceal haemorrhage continues despite effective
conservative therapy, transjugular intrahepatic porto-
systemic stenting is used (TIPS). This involves can-
nulating the internal jugular vein and placing an
angiography catheter first within the intra-hepatic vena
cava. Using combined fluoroscopy and ultrasound, the
catheter is guided into the portal system within the liver.
Then an expanding metal stent is placed to connect the
intra-hepatic portal system to the vena cava.

As a last resort, emergency surgical treatment is per-
formed but all operations carry a high mortality in such
seriously ill patients. The simplest operation is trans-
gastric oesophageal stapling. A circular stapler is passed
into the oesophagus via a gastrotomy, a ligature tied
around the oesophagus between the staples and the
anvil, and the gun fired. This places two rows of staples
through the full thickness of the oesophageal wall, dis-
connecting the longitudinal veins. However, this is not

effective for bleeding gastric varices.

Disorders of the oesophagus

Emergency portal-systemic shunting is occasionally
used but carries a risk of portal-systemic encephalopathy
although it reliably arrests haemorrhage. Shunting oper-
ations are still sometimes used following recovery from
acute haemorrhage but many doctors believe that
repeated rubber banding or injection sclerotherapy via a
flexible endoscope is the best prophylaxis against further
haemorrhage.

All types of surgical portal-systemic shunts carry a
risk of encephalopathy, although shunt design has been
modified to minimise this risk. The original operation
was portacaval shunting, in which the main portal vein
is anastomosed to the inferior vena cava. Later variations
include mesocaval shunting in which the superior
mesenteric vein is connected to the inferior vena cava via
an interposition graft, and lienorenal shunting (the
Warren shunt) in which the splenic vein is anastomosed
to the left renal vein. The last is said to cause the lowest
incidence of encephalopathy but is also the least effective
for decompressing the portal venous pressure.

Operative risk has been calculated using Child’s
criteria, shown in Table 15.1.

Table 15.1 Child’s criteria for assessing operative risk
in portal hypertension

Score points

Risk factor 1 2 3
Encephalopathy None Minimal

Ascites None Shight

Bilirubin {(micromoles/L) <35 36-50

Albumin (g/L) > 35 28-35 <2
Prothrombin ratio < 1.4

1.4-2.0 >2.0

Each criterion is scored and the total added:

Child's grade A (good risk) scores 5-6
grade B (moderate risk) scores 7-9
grade C (bad risk) scores 10-15
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UPPER GASTROINTESTINAL AND HEPATOBILIARY

& ' Tumours of the stomach and
| small intestine

Carcinoma of stomach 238 Lymphomas 243
Gastric polyps 242 Carcinoid tumours
Lelomyomas 242

INTRODUCTION

Benign tumours occasionally occur in the stomach but
most gastric tumours are malignant. The great majority are
adenocarcinomas, whilst lymphomas and the occasional
carcinoid tumour or sarcoma make up the remainder.
True adenomatous gastric polyps are rare; most gastric
polypoid lesions are small benign hyperplastic nodules.

Tumours of the small bowel are rare. Of the malignant
tumours, lymphomas and leiomyosarcomas are much
more common than adenocarcinomas. Peutz-Jeghers
syndrome is a rare inherited disorder characterised by
multiple benign polyps in the small bowel and peri-oral
pigmentation. It is most L‘mnnmnl_\-' encountered at
student examinations!

CARCINOMA OF STOMACH
PATHOLOGY OF GASTRIC CARCINOMA

Gastric carcinomas are almost exclusively adenocarci-
nomas. Two distinct histopathological groups are recog-
nised, each with its unique epidemiological associations.

l'he intestinal type has histological features similar to
intestinal epithelium. Cells grow in clumps and there is a
marked inflammatory infiltrate. Variations in the incidence
of this type of tumour explain the regional variations in
incidence of gastric cancer described below. Further-
more, the decline in incidence of gastric cancer in the
developed world is almost exclusively a decline of the
intestinal type of cancer. These factors suggest that
environmental factors have a great influence on the
development of intestinal-type gastric cancer.

The second

histological type of gastric adeno-
f ] J o

carcinoma is the diffuse type. Here the cells are singular,

Peutz—Jeghers syndrome 245

Other tumours of the small intestine 245

often arranged in files, and surrounded by a marked
stromal reaction. The tumour cells have large intra-
cellular mucin droplets which displace the nuclei peri-
pherally giving the characteristic signet ring appearance.

Gastric carcinomas may develop in three morpho-
logical forms; the first two largely represent the intestinal
histological type and the third the diffuse type. The first
two have a somewhat better prognosis than diffuse-type
infiltrating cancers:

® Fungating tumours. These are polypoid and may
grow to a huge size (see Fig. 16.3)

® Malignant ulcers. These lesions probably result from
necrosis in the centre of broad-based solid tumours.
Malignant ulcers are often larger than peptic ulcers
(except for the giant benign ulcer of the elderly) with
a heaped-up indurated (hardened) margin. There is
no surrounding mucosal puckering typical of
inflammatory scarring

@ Infiltrating carcinomas. This form of gastric cancer
spreads widely beneath the mucosa and diffusely
invades the muscular wall. This causes marked wall
thickening and rigidity and the whole stomach
contracts to a very small capacity. The condition is
known as linitis plastica and its appearance is
likened to a “leather bottle’. Linitis plastica affects a
slightly younger age group and has a very poor
prognosis. Diagnosis may be delayed because the
endoscopic changes are often subtle, and biopsies of

the mucosa may not show tumour

‘Early gastric cancer’ is defined as cancer limited to the
mucosa and submucosa of the stomach. This is rarely
detected in patients with symptoms, but is found more
commonly with endoscopic screening programmes or
incidentally. Results of surgery in this group are
excellent, with about a 90% cure rate.




Tumours of the stomach and small intestine

Fig. 16.1 Carcinoma of the stomach—histopathology

(a) Typical gastric carcinoma originating within the stomach mucosa Muc. The tumour consists of a mass of signet ring cells and extracellular
mucin. (b) High-power view showing numerous signet ring cells S. This appearance is due to the presence of intracellular mucin M

EPIDEMIOLOGY OF GASTRIC CARCINOMA

Gastric cancer is the second most common cancer in the
world, surpassed only by lung cancer. Cancer of the
stomach is rare before the age of 50 and increases in
frequency thereafter. Males have one and a half times the
risk of females, and the disease is more common in
lower socio-economic groups. Costa Rica has the highest
death rate from the disease in men, with an age-adjusted
death rate of 70 per 100 000. Japan and Chile follow close
behind but the offspring of Japanese immigrants to
America appear to carry the same risk as other
Americans. In much of the Western world, the incidence
and death rates have steadily decreased in recent years.
In the USA, the mortality rate for men has fallen from
10 per 100000 per annum in 1980 to 7.4 in 1991 and for
women from 5 to 3.4. The epidemiology of gastric
carcinoma gives tantalising clues as to the causes of the
disease. The vast variation in incidence of intestinal-type
gastric cancer between different countries and the fact
that this type is more prominent in lower socio-economic
groups suggest that environmental factors play an
important part. It is likely that there is no single
aetiological factor but rather a combination of co-factors
which together bring about malignant change.

Japan plays a leading role in research into early
detection and management of gastric cancer, reflecting
the high incidence of this disease in that country.

AETIOLOGY OF GASTRIC CARCINOMA AND
PREMALIGNANT CONDITIONS

Atrophic gastritis

Multifocal atrophic gastritis (type B) has often been
incriminated as a pre-existing condition in intestinal-
type gastric cancer, which may represent the end point of

a sequence running between superficial gastritis, atrophic
gastritis, intestinal and colonic metaplasia, dysplasia and
cancer. Multifocal atrophic gastritis is the result of chronic
inflammation and appears first on the lesser curve of the
stomach. Other risk factors such as diet and Helicobacter
pylori infection may initiate atrophic gastritis and act
through the same pathway. The diffuse corporeal type of
gastritis (type A) which occurs in pernicious anaemia is
a much weaker aetiological factor. Patients with this
have a three- to six-fold increase in risk of developing
gastric cancer, but the absolute risk remains low.

Helicobacter pylori infection

In recent years, chronic infection with H. pylori has
become a prime suspect for initiating gastric cancer, as it
is for peptic ulceration. H. pylori has the ability to
colonise gastric mucosa chronically, and infection has
been strongly linked with chronic gastritis which may
progress over many years to atrophic gastrilis type B.
H. pylori infection is the main carcinogen leading to
gastric cancer of the intestinal type; in one series H. pylori
was found histologically in 90% of intestinal-type
cancers, whilst only 30% of the diffuse type had evidence
of infection. Elevated levels of IgG antibody to H. pylori
have been found in gastric cancer patients compared
with controls, with odds ratios of between 4 and 6 in
favour of an association. The risk progressively increases
with increasing antibody levels. Nevertheless, more than
60% of controls without gastric cancer demonstrate
elevated antibodies. As mentioned on page 243, H. pylori
also appears likely to be involved in gastric lymphoma
of the mucosa-associated lymphoid tissue (MALT) type.
The carcinogenic mechanism of H. pylori is debated
but probably involves altering the gastric acid/pepsin

milieu, increasing cell turnover and enhancing gastric
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mucosal susceptibility to ingested carcinogens. H. pylori
appears to play a major but far from exclusive role.

Other factors

Dietary factors have been shown to influence the incidence
of gastric cancer, in particular excess intake of salt and
nitroso compounds, and a low ascorbic acid intake. In
this respect, diets high in dried and salted fish, and salt-
and smoke-cured meats appear to pose a particular risk.

CLINICAL FEATURES OF GASTRIC CARCINOMA

Symptoms are minimal until late in the course of the
disease and patients most commonly present with
advanced local and metastatic disease. However, retro-
spective review of the records of patients with early
gastric cancer has shown that a high proportion have
some pre-exisling upper gastrointestinal symptoms,
most often dyspepsia and epigastric pain with food. In
advanced disease, 40% may be asymptomatic, but up to
half have pain, nausea, vomiting, anorexia or a feeling of
fullness after small meals (early satiety). Vomiting occurs
if the gastric outlet becomes obstructed; this is more
common with tumours of the antrum. Overall, one-third
have cachexia (severe weight loss and wasting). This, in
combination with an epigastric mass, renders, the possi-
bility of surgical cure remote. Anaemia resulting from
chronic occult blood loss is common and one-third have
positive stool tests for occult blood.

Severe weight loss usually indicates metastatic disease
and may be its only manifestation; indeed, dramatic
weight loss in the absence of other symptoms should
alert the clinician to possible gastric carcinoma. Virtually
70% of gastric cancer patients present with advanced
local disease (stage T,) of whom more than half have
extensive nodal spread and half have distant metastases,
Patients are now tending to present earlier, perhaps
because persistent indigestion and upper gastrointestinal
symptoms tend nowadays to be more effectively investi-
gated than hitherto.

I'he presenting features of gastric carcinoma are
summarised in Box 16.1.

INVESTIGATION OF GASTRIC CARCINOMA
Tumour staging

Invasive cancer progresses to involve submucosal
lymphatics. The depth of tumour penetration correlates
directly with the incidence of nodal metastases. The
TNM system is the most widely used staging system and
is now agreed internationally. Japanese nomenclature

has designated lymph nodes draining the stomach by

SUMMARY
Box 16.1 Presenting features of gastric carcinoma
Often asymptomatic until a late stage
Epigastric pain and dyspepsia
Marked weight loss (cachexia)
Iron deficiency anaemia
Nausea and vomiting
Anorexia and early satiety
Feeling of abdominal fullness or discomfort, often
after only small meals
Epigastric mass
Left supraclavicular mass (metastasis in Virchow's
node)
® Obstructive jaundice (metastases in the porta hepatis)
® Pelvic mass

C B BN BN BN BN N

stations numbered 1-16. Perigastric stations 1-6 are
considered N,;, whilst other more distant stations denote
N,, N; or M. These stations are important when more
radical R1 or R2 gastrectomies, pioneered by the
Japanese, are performed and provide useful prognostic
information. The results of surgical treatment correlate
directly with the TNM stage.

Metastatic spread initially involves local lymph nodes
in the coeliac axis and periduodenal area. Later second-
ary nodes in the para-aortic area, splenic hilum and porta
hepatis become involved, the latter sometimes causing
obstructive jaundice. Classically, left supraclavicular
(Virchow’s) nodes may become invaded via the thoracic
duct and give rise to a palpable mass (Troisier’s sign).
These nodes are palpable in a small proportion of
cases at initial presentation. Hepatic metastasis via
haematogenous spread is also a common initial finding,
Widespread metastasis to lungs, brain and bone may
also occur, Gastric carcinoma sometimes spreads across
the peritoneal cavity, particularly to the surface of the
ovaries (Krukenberg tumour) or the pouch of Douglas. In
either case, a mass is often palpable on rectal examin-
ation. Direct spread into the transverse colon is not
unusual in neglected cases and sometimes results in
gastro-colic fistula formation.

Investigative procedures

Endoscopy alone is now the preferred investigation for
suspected carcinoma of the stomach. Barium meal held
this position for many years but it is often difficult to
differentiate between gastric ulcer and carcinoma radio-
logically, even on double contrast studies. The typical
radiological appearances of gastric malignancies are
shown in Figure 16.2.




Fig. 16.2 Endoscopy and barium meals showing
carcinoma of the stomach

(a) Gastroscopic view of large fungating carcinoma of stomach in the
prepyloric region €. This corresponds to the barium meal examination
in (b). Diagnosis was confirmed by endoscopic biopsy. (c) Ulcerating
carcinoma of stomach U in a 55-year-old man presenting with weight
loss. (d) Linitis plastica-type carcinoma of the stomach L. Note the
shrunken appearance of the whole stomach caused by widespread
submucosal invasion of the tumour. Endoscopic biopsy may not give
the correct diagnosis because the mucosa is often intact. This 60-year-
old woman presented with anorexia. She had a total gastrectomy but
died 5 months later of widespread metastases.

Endoscopy and biopsy are essential if there is any
doubt about the diagnosis on radiological grounds.
Diagnostic accuracy is greatest with exophytic lesions
(90%) and lower for infiltrating lesions (50%). Diagnostic
accuracy increases as more biopsies taken, and there
should be little hesitation to re-biopsy suspicious lesions
to obtain a representative sample. Carcinomas can arise
in any part of the stomach, including the lesser curve,

whereas benign gastric ulcers are usually found on the

Tumours of the stomach and small intestine

lesser curve or prepyloric area. The site of a lesion may
therefore be of diagnostic significance.

In areas of high incidence, endoscopic screening is a
popular and effective method of detecting early disease.
It is widely employed in Japan and the result has been
that over 40% of cancers operated upon have been dis-
covered in a pre-symptomatic stage by this method, and
can truly be defined as ‘early gastric cancer’. About 90%
of these patients have potentially curative operations,
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Ultrasonography via a flexible endoscope is not yet
widely available, but in pilot studies is proving highly
accurate in predicting the depth of penetration of small
gastric cancers, and hence the “T* (tumour) stage. Local
nodal spread and left hepatic lobe metastases are also
detectable by this method.

CT scanning is used most widely for staging purposes
before embarking upon surgery. This investigation is
useful for showing local tumour invasion, lymph node
involvement and hepatic metastases but remains relatively
insensitive. Laparoscopy has proved to be more accurate
for staging than CT alone; when disseminated disease is
found on laparoscopy, the patient may be saved an in-
appropriate laparotomy.

MANAGEMENT OF GASTRIC CARCINOMA

Metastasis in gastric cancer tends to be early, occult and
widespread. Therefore, radical surgery offers the only
prospect of cure even when the tumour is small. The
cure rate is determined by the stage of the disease at
presentation. In Western countries, early gastric cancer is
usually discovered only fortuitously—for example,when
a patient is gastroscoped for dyspepsia. This situation
is improving, however, in some developed countries. In
one American series, only 15% of gastric cancers were
considered unsuitable for operation at the time of initial
diagnosis, and half of the operations were performed
with the aim of cure. In gastric cancer, survival results
strongly support the view that early detection dramati-
cally increases the chance of curative surgery.

Even if the disease has progressed to local lymph
nodes, radical gastrectomy may be curative. In early
gastric cancer, confined to the mucosa and submucosa,
5-year survival approaches 90%, and with only local
nodal involvement, about 50%; with more extensive
spread, 5-year survival rates fall to only 5%. Palliative
gastrectomy is often indicated to treat local problems
such as blood loss or obstruction.

Japanese surgeons have developed radical gastrectomies
(known as R1 and R2 gastrectomies) which include
subtotal or total gastrectomy combined with removal of
the local nodal fields in R1 and the secondary nodal
fields as well in R2. With these procedures, much-
improved 5-year survival rates have been achieved and
local recurrences almost eliminated. This experience was
not immediately seen in Western studies, where higher
complication rates were evident,

The decision to attempt removal of a gastric cancer
depends on the general fitness of the patient as well as
the stage of the tumour. It is kindest to treat patients with
advanced cancer symptomatically and perform palliative
surgical bypass procedures or local resections only if
symptomatic. Patients with obviously incurable tumours
may have very few symptoms and their quality of life

may only be diminished by surgery. In other cases, tumour
bleeding, necrosis or encroachment on the gastric lumen
results in distressing symptoms of nausea, anorexia,
vomiting (sometimes complete gastric outlet obstruction)
or symptoms of anaemia. These symptoms can be greatly
relieved by palliative gastrectomy. Afterwards, patients
survive about 12 months on average, compared with about
3 months without operation. Gastric outlet obstruction
may be relieved by placement of a self-expanding intra-
luminal stent.

There is increasing interest in preoperative treatment
of some gastric cancers with chemo-radiotherapy. A long-
held belief that there is little benefit in postoperative
chemo-radiotherapy is being reconsidered with the
development of newer agents and modified regimens.

GASTRIC POLYPS

Gastric polyps are mostly small benign hyperplastic
nodules of the gastric mucosa. They may be single or
multiple and occur anywhere in the stomach. They are
all less than 1.5cm in diameter and can confidently be
observed as they almost never become malignant.

Genuine adenomatous polyps are rare. These are true
neoplasms with histological and morphological forms
similar to adenomatous polyps of the large intestine (see
Ch. 20, p. 274). Adenomas are usually single, large and
asymptomatic. Most are found incidentally on radio-
logical or endoscopic examination. Up to 40% of
adenomatous gastric polyps show histological features
of malignancy. Treatment is by endoscopic excision
biopsy and regular endoscopy is arranged to monitor
recurrence or the appearance of new lesions.

LEIOMYOMAS

Leiomyomas are benign tumours of smooth muscle and
may arise anywhere in the muscular wall of the gastro-
intestinal tract. They are especially common in the stomach
and small bowel. These lesions are usually only a few
centimetres in diameter and are discovered incidentally on
endoscopy or barium examinations. Occasionally, larger
lesions are found to be the cause of acute or chronic
gastrointestinal blood loss or intermittent gastric outlet
obstruction by impacting in or through the pylorus.
Morphologically, leiomyomas are sessile or pedunculated
lesions covered by normal mucosa. This may ulcerate,
causing insidious blood loss and anaemia (see Fig. 16.3).
Major haemorrhage sometimes occurs, presenting as
haematemesis or melaena.

Leiomyosarcomas (see Fig. 16.4), the malignant counter-
part of leiomyomas, are rare and present with similar

symptoms or as an abdominal mass. Leiomyosarcomas




(a)

Fig. 16.3 Gastric leiomyoma

Tumours of the stomach and small intestine

(a) This 64-year-old woman presented with recurrent iron deficiency anaemia. A large ulcerated polyp had been seen at endoscopy. Here, the
stomach has been opened at laparotomy and the polyp is held up in the surgeon’s hand. Deep peptic ulcers can be seen on its surface
Histologically, it proved to be a benign leiomyoma. (b) Another benign gastric leiomyoma which had become impacted in the pylorus causing
gastric outlet obstruction. It was delivered through the gastrotomy, excised and the defect closed with sutures

spread locally and tend to metastasise early via the
bloodstream. Treatment involves resection of the primary
lesion plus palliative chemotherapy if metastasis has
occurred.

LYMPHOMAS
PATHOLOGY AND CLINICAL FEATURES OF LYMPHOMAS

Primary lymphomas may arise in the stomach or small
bowel. In the stomach, they constitute about 10% of
malignancies. As with peptic ulcer and gastric adeno-
carcinoma, H. pylori infection is an important initiating
factor. In the small bowel, the lymphoid tissue may
become secondarily involved in non-Hodgkin lymphomas.

In the stomach, lymphomas become extensive, either
projecting into the lumen as a bulky ulcerating mass or,
more often, diffusely infiltrating the stomach wall. They
closely resemble gastric carcinoma in symptoms and
endoscopic appearance but it is important to make the
distinction because the prognosis of treated lymphoma
(usually with chemotherapy or radiotherapy) is much
better than adenocarcinoma. Biopsy is the only reliable
means of diagnosis. In contrast to gastric carcinoma,
lymphomas have a tendency to occur in children and
young adults. Low-grade lymphoma has been reported
to resolve following Helicobacter eradication.

In the small intestine, lymphomas also produce bulky
lesions which may obstruct, ulcerate, bleed or even
perforate. Occasionally, a lymphoma provides the focus
for an intussuception (see Fig. 16.5 and also Fig. 44.9,

Fig. 16.4 Leiomyosarcoma of the jejunum

This operative specimen shows a large fleshy lesion on the outer
surface of the upper jejunum. The patient was a 33-year-old woman
who presented with iron deficiency anaemia refractory to oral iron. An
abnormality was finally seen on a barium small bowel study after many
fruitless investigations. This tumour was histologically well differentiated
and amenable to resection; after 5 years, there was no recurrence.

p. 598). Small bowel lymphoma may be a complication
of coeliac disease but this is very rare.

MANAGEMENT OF LYMPHOMAS

In both stomach and small intestine, investigation
involves barium studies and endoscopic biopsy, but only
laparotomy or laparoscopy and biopsy can distinguish
primary lymphomas from secondary carcinoma. Primary
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(a)

Fig. 16.5 Intussescepting tumours of small bowel

(b)

" (d)

(a) This 35-year-old woman suffered several self-limiting episodes of small bowel obstruction. During one of those episodes this small bowel
barium enerna was performed by placing the tip of a nasojejunal tube T just distal to the duodeno-jejunal flexure and instilling barium. A small
bowel intussusception is demonstrated by the ‘coiled spring’ sign S, due to the presence of barium between the telescoping layers of bowel. At
surgery, a leiomyoma was found to be responsible. (b)}~{d) This 22-year-old man presented with small bowel obstruction. At laparotomy, the
obstruction was found to be caused by an ileo-ileal intussusception. In this set of operative photographs (b) shows how the proximal ileum P had
intussuscepted into the distal ileum D. When this was reduced (c), an ebnormality of the bowel wall could be seen to have formed the apex of
the intussuscipiens (arrowed). In (d), a polypoid tumour P can be seen on the luminal surface, which proved histologically to be a lymphoma

lymphomas are often discrete and bulky lesions which
may be amenable to surgical excision. Subsequent radio-
therapy or chemotherapy or both may be necessary.
Treatment gives a 5-year survival rate of around 50%.
Radiotherapy alone can succeed in treating some primary
gastric lymphomas, emphasising the importance of a
tissue diagnosis before surgery is embarked upon.

CARCINOID TUMOURS
PATHOLOGY OF CARCINOID TUMOURS

Carcinoid tumours probably arise from APUD cells of
the gastrointestinal endocrine system. Thus, they can
arise anywhere in the gastrointestinal tract or in tissues
embryologically derived from it, including the pancreas




(a)

and biliary system. More than 50% of carcinoid tumours
are found in the appendix, and most of the remainder
occur in the small intestine.

CLINICAL PRESENTATION OF CARCINOID TUMOURS

Appendiceal carcinoid tumours are usually discovered
incidentally in appendicectomy specimens and virtually
always remain small and benign (Fig. 16.6). In contrast,
carcinoid tumours elsewhere in the bowel spread locally
in the bowel and mesentery, later becoming dis-
seminated to the liver and other sites. The bowel lesions
usually present with symptoms of partial or complete
obstruction.

Carcinoid tumours secrete a variety of catecholamines,
including serotonin. When there is a large volume of
tumour, usually in the form of liver metastases, enough
catecholamines are secreted to cause the carcinoid
syndrome. This is characterised by an array of clinical
phenomena including transient ‘hot flushes’, hypo-
tension, asthma and diarrhoea. A metabolite of serotonin,
5-hydroxy-indoleacetic acid (5-HIAA), can be measured
in the urine as a diagnostic test.

MANAGEMENT OF CARCINOID TUMOURS

Treatment usually involves resection of the primary
lesion along with the local lymph nodes. Appendiceal
carcinoid present at the tip and less than 2cm in dia-
meter can be treated by appendicectomy alone. Metastatic
disease progresses very slowly and is not curable by
radiotherapy or chemotherapy. It does respond well to
surgery, and in the typically young patient, a more
radical approach can be advocated than for other intra-
abdominal malignancies.

Fig. 16.6 Carcinoid tumour in the appendix—histopathology

Tumours of the stomach and small intestine

The full carcinoid syndrome is associated with hepatic
tumour outside the portal circulation which is usually of
large volume and not amenable to surgical or other cure.
[t is uncommon and symptoms can be controlled with the
help of drugs such as octreotide, a somatostatin analogue.
Radiotherapy is useful if pain is caused by massive liver
enlargement and may induce some shrinkage.

OTHER TUMOURS OF THE SMALL
INTESTINE

Other small bowel tumours include solitary benign
angiomas. These are usually found incidentally at
operation or autopsy but sometimes present with intus-
susception or chronic haemorrhage.

Adenocarcinomas do occur in the small intestine
(especially in the duodenum) but are rare compared with
their incidence in stomach and large bowel. Adeno-
carcinomas present with symptoms of bowel obstruction,
biliary obstruction when in the periampullary region,
bleeding or metastases. Barium follow-through examin-
ation for chronic symptoms may demonstrate the lesion,
but more commonly it is found and resected at lapar-
otomy for acute obstruction, only being categorised later
by histological examination. In many patients, spread has
already occurred to regional lymph nodes or the liver by
the time of presentation.

PEUTZ-JEGHERS SYNDROME

Peutz—Jeghers syndrome is a rare inherited autosomal
dominant disorder in which multiple small benign
polypoid lesions develop diffusely throughout the

(a) Incidental finding of carcinoid tumour T in appendix removed for aopendicitis. Tumour extends to the serosal surface arrowed. (b) High-
power view showing close-packed neoplastic carcinoid cells C. These typically stain positive with silver stains, such as Grimelius, as well as with

immunohistochemical techniques for neuroendocrine markers

A
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gastrointestinal tract. These are accompanied by charac-
teristic mucocutaneous melanin pigmentation of the lips,
gums, hands and feet. The bowel lesions represent
hamartomatous malformations of mucosa, submucosa
and smooth muscle rather than true adenomas. They

may cause chronic intestinal blood loss or present with

intestinal obstruction due to intussusception. Malignant
transformation does not occur. This condition should not
be confused with familial adenomatous polyposis coli
(FAP) characterised by multiple adenomatous colonic
polyps which almost invariably undergo malignant

1'!'x.}|1'_',1.' (see Ch. 20)
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INTRODUCTION

Adenocarcinoma derived from ductal cells of the exocrine
pancreas makes up more than 90% of pancreatic cancers;
these have the worst 5-year survival of all gastrointestinal
malignancies with only about 5% of patients surviving
5 years. Much less commonly, tumours arise from exo-
crine acinar cells (2%) or from endocrine islet cells.
Most endocrine tumours become manifest because of the
effects of their excess hormone secretion, e.g. insulin,
glucagon, gastrin. Around 90% of insulinomas are benign
but most of the others are malignant, although survival
in such cases is often prolonged.

Intractable abdominal pain, marked weight loss and
obstructive jaundice caused by compression of the common
bile duct are the most common presenting features of
non-endocrine pancreatic adenocarcinoma. In jaundiced
patients, pain often develops at a later stage. Obstructive
jaundice is also a frequent presentation of the less
common primary cholangiocarcinomas of the biliary tree
and adenocarcinomas of the ampulla of Vater and the
duodenum (‘periampullary carcinomas’).

Sclerosing cholangitis, a rare non-malignant condition,
has a similar mode of presentation, and is thus included
in this chapter. In contrast, the uncommon carcinoma of
the gall bladder does not usually present with jaundice.

Primary liver tumours are rare in developed countries
but relatively common in some developing countries where
hepatitis B and C are the main predisposing factors.
Secondary liver tumours are common everywhere.

CARCINOMA OF THE PANCREAS
PATHOLOGY

Histologically, carcinoma of the pancreas is usually an

adenocarcinoma arising from cells lining the duct system.,

252 Primary tumours of the liver 254

Endocrine tumours of the pancreas 252 Secondary liver tumours 255

About 70% of tumours arise in the head of the gland (the
largest part) and the remaining 30% in the body or tail.
The tumours tend to form a well-differentiated ductular
pattern but the sheets of cells between the ducts often
have a more anaplastic appearance. Despite the organised
histological pattern, carcinoma of the pancreas is a highly
malignant tumour. It metastasises early to local lymph
nodes (including nodes in the porta hepatis), to the
peritoneum and to the liver via the portal vein (see Fig.
17.1). By the time pancreatic carcinoma presents, the
tumour has already disseminated in nearly all cases and
the prognosis is poor.

Carcinoma of the pancreas is extremely rare under the
age of 50 years and presents at a mean age of 65. Males
are affected about 1.5-2 times as often as women.
Pancreatic carcinoma ranks third in incidence among
rastrointestinal carcinomas after cancer of the large bowel
and stomach. Nevertheless, it is relatively uncommon in
absolute numbers and is responsible for about 6500
deaths annually in the UK. Its incidence is only half that
of gastric carcinoma and it represents only about 3% of
all malignancies. Risk factors include cigarette smoking
(2-3 times the risk and presenting 15 years earlier) and
previous resectional gastric surgery (2-5 times the risk).
Ingested nitrosamines and N-nitroso compounds are
probably the common factors. Having risen for many
years, the incidence of pancreatic cancer in developed
countries is now stable.

CLINICAL FEATURES OF PANCREATIC CARCINOMA

There are no suitable screening tests and so pancreatic
cancer nearly always presents with symptoms. The main
presenting symptoms are substantial weight loss (80%),
abdominal pain (60%) and obstructive jaundice (50%).
Ascites and an abdominal mass are uncommon. The
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presenting features of pancreatic carcinoma are shown in without liver metastases, and is much greater than could
Box 17.1. be explained by anorexia alone.

- d oth domi d si
Pain and other abdominal symptoms and signs Obstructive jaundice

I'he pain of pancreatic carcinoma is severe and continuous . s g
: . ; , : o Jaundice, often without pain, develops insidiously over
and is typically described as ‘deep’ and ‘gnawing’; it may _ ; ; '
: . : .3 i : several weeks, during which time the patient gradually
drive patients to contemplate suicide. The pain tends to : =
i assumes a deep greenish-yellow hue. Surprisingly,
be nocturnal and poorly relieved by analgesics but may _ . Lt :
. pxin . pruritus and other distressing symptoms are uncommon.

be alleviated somewhat by leaning forwards from a I =Y i .
B i ; . P : Obstructive jaundice is usually caused by compression
sitting position (‘the pancreatic position’). This severe i o .
: ; of the common bile duct where it lies in contact with the
pain often represents locally advanced disease. There are i . .
. : . : ; head of the pancreas. Thus, the proximal bile duct system
often ill-defined dyspeptic symptoms like anorexia, nausea : . : :
i : including the gall bladder becomes dilated. The gall
or sporadic vomiting. Weight loss may be dramatic even = : : il B '
! bladder often becomes palpable (Courvoisier’s law, see

Ch. 11, p. 163). Bile duct obstruction may also be caused
by metastatic lymph nodes in the porta hepatis. Liver

SUMMARY : : :
' r metastases alone rarely cause jaundice. Note that car-
ox 17.1 Presenti tic . . -
il SRTEON TRRIENS 07 SRS cinoma of the pancreas and other obstructing tumours of
carcinoma -

= the biliary tree typically produce an unremitting, pain-
Common presenting features

@ Substantial weight loss (about 80% of cases)
® Abdominal pain (about 60%)
® Obstructive jaundice, often without pain (about 50%)

less and progressively deepening jaundice, whereas the
jaundice of gallstone disease tends not to be as profound.
[t also tends to fluctuate in intensity and there is usually
a typical history of biliary pain.

Less common presenting features

® Acute pancreatitis (rare)

@ Diabetes mellitus (preceding or following diagnosis) APPROACH TO INVESTIGATION OF SUSPECTED
® Gastric outlet obstruction (due to external PANCREATIC CARCINOMA
compression)

d . ol The patient presenting with obstructive jaundice should
® Thrombophlebitis migrans (recurrent superficial : [ =

venous thromboses)
@® Pancreatic steatorrhoea (due to pancreatic duct
obstruction)

be investigated as described in Chapter 11. Ultrasound is
used to look for masses in the pancreas and liver, dilated
bile ducts and stones. This is usually followed by
endoscopic retrograde cholangio-pancreatography, or

248 ERCP (see Fig. 17.2b) both to inspect the ampulla of




Vater and to demonstrate the anatomy of the biliary and
pancreatic ducts; sites of obstruction are identified by
injecting contrast.

When pancreatic cancer is suspected in a non-jaundiced
patient and no clear causative factor has yet been seen,
abdominal CT scanning may be indicated (see Fig. 17.2¢
and d). CT scanning is a more reliable method of

Tumours of the pancreas and hepatobiliary system

diagnosing pancreatic cancers than ultrasound, but
tumours smaller than 2 cm may not be detected. CT
scanning also demonstrates metastatic deposits in the
porta hepatis or liver parenchyma and gives an idea of
the extent of local invasion into the retroperitoneal area
and portal vein; this can help the surgeon decide
whether the lesion might be resectable. CT scanning

TP
_ 53 . -

Fig. 17.2 Carcinoma of the head of the pancreas

(a) This 77-year-old man presented with 4 weeks of painless obs
The ) D is grossly distended by the obstructing ef
duodenum (arrowed) is compressed a

ydenal log

it of the head of the pancre

uctive jaundice. This barium meal shows the gastric antrum G and duodenum

The medial wall of the s

ond part of the

d distorted by the tumour (b) Endoscopic retrograde pancreatogram in a jaundiced patient with carcinoma
of the head of the pancreas. The tip of the duodenoscope D lies opposite the ampulla of Vater, into which a catheter C has been pa
distal pancreatic duct is dilated (arrowed) and the proximal duct PD is ¢

ed. The

mpressed and distorted by the tumour. (¢) CT scan showing enlargement

of the head of the pancreas P most suspicious of carcinoma. The darg circular lesion within the tail of the pancreas is a secondary cyst or

pseudocyst €. (d) CT scan further cephalad (towards the head) of the same patient showing one obvious low-atte

nuation lesion in the liver

stent with a metastasis (arrowed). The diagnosis of carcinoma of the pancreas was confirmed on percutaneous biopsy of the pancreatic
lesion, Thus this 54-year-old man had inoperable disease. Unfortunately, this is all too common a presentation
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alone, however, often understages the disease. Pancreatic
masses can be biopsied percutaneously using ultrasound
or CT control to confirm malignancy and cell type,
although this is not favoured in many centres.

Staging of pancreatic cancer is vital if resection is
contemplated as the results in disease that has metastasised
are abysmal. Various methods have been employed but
many specialist centres depend on CT and staging
laparoscopy. Laparoscopy allows more precise staging as
small peritoneal seedlings can be visualised (and biopsied)
and cytology of peritoneal fluid performed. Laparoscopic
ultrasound is finding favour to assess possible portal
vein invasion and to seek microscopic liver metastases.

MANAGEMENT OF PANCREATIC CARCINOMA

Most patients with pancreatic cancer present at an
incurable stage with local invasion or metastases. Only
about 20% have apparently localised disease with a
potential for cure by resection. Whipple’s operation
(pancreatico-duodenectomy, see Fig. 17.5, p. 253) is the
standard procedure for the rare instances when resection
of carcinoma of the head of the pancreas is indicated. It
is a major undertaking with high operative morbidity
and mortality. Even in specialist centres, operative
mortality is about 5% and 5-year survival about 20%.

The main indication for pancreatico-duodenectomy is
a periampullary lesion. External beam radiotherapy and
5-fluorouracil (5-FU) chemotherapy after operation extend
mean survival from 6 to 10 months, and trials of intra-
operative radiotherapy appear to increase this slightly.
Thus, for most patients, any treatment must be regarded
as palliative at best,

Cystic neoplasms of the pancreas are sometimes dis-
covered incidentally on CT scanning or ultrasonography.
The most common are mucinous cystadenomas and
cystadenocarcinomas. As all probably have a malignant
potential and are largely curable if treated early, radical
resection is the treatment of choice.

Palliation

Palliation takes several forms. If there is obvious wide-
spread disease, the patient should be allowed to die with

minimal surgical interference. Adequate analgesia is
essential and severe pain can be effectively relieved by
permanent blockade of the coeliac ganglion, which is
performed percutaneously or thoracoscopically. If
obstructive jaundice is the dominant feature, this
can usually be relieved by inserting a biliary stent
(endoprosthesis) into the compressed bile duct at ERCP
or via a percutaneous transhepatic route; techniques are
illustrated in Figure 17.3. Bypass can be achieved
surgically at laparotomy or laparoscopically. Options
include both biliary bypass and enteric bypass. The
standard  palliative operation of
(cholecysto-jejunostomy, gastro-jejunostomy and an
anastomosis between the loops of small bowel attached

triple  bypass

to the gall bladder) has largely fallen out of favour
because of the success of biliary stenting and the short
lifespan of such patients (see Fig. 17.3).

BILIARY AND PERIAMPULLARY
TUMOURS

Adenocarcinomas originating from the epithelium
known as

cholangiocarcinomas. They may develop anywhere in

lining the biliary duct system are
the intrahepatic or extrahepatic duct system. The less
common intrahepatic cholangiocarcinomas tend to
invade the liver parenchyma, presenting in a manner
similar to primary hepatocellular carcinomas. Since most
of the bile system remains patent in these cases, jaundice
is rare. In contrast, extrahepatic cholangiocarcinomas
tend to obstruct bile drainage. They present with
painless progressive jaundice in the same way as
carcinoma of the pancreatic head. Unlike pancreatic
cancer, cholangiocarcinomas are slow-growing and
metastasise late so that complete resection is often
possible. Cholangiocarcinomas have a dense fibrous
stroma and tend to grow along the duct system rather
than producing a focal proliferative lesion. The resulting
smooth elongated stricture can be demonstrated by
ERCP, MRCP (see p. 50) or transhepatic cholangiography
(see Fig. 17.4). Histological proof of malignancy may be
difficult to obtain owing to the fibrous nature of the
tumour.

Fig. 17.3 Palliative procedures for obstructive jaundice caused by carcinoma of the head of the pancreas or a

periampullary tumour
(a) Obstruction of the common bile duct and duodenum. Carcinoma of

the pancreatic head obstructs the lower end of

f the common bile duct and

potentially the duodenum, i.e. the gastric outlet. (b) Endoscopic stent placement. The sphincter of Oddi may require a preliminary endoscopic
sphincterotomy prior ta intubation, A self-retaining plastic stent, placed endoscopically or percutaneously, lies in situ across the biliary stricture
Note the 'pig-tail’ ends of this type of stent which curl up when the wire is removed, retaining the stent in the correct position. () Triple bypass
operation, rarely performed nowadays because of the efficacy of endoscopic stenting and the short life expectancy of patients with pancreatic

cancer.
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(a) Anatomy of obstruction of the common bile duct and duodervumm ... —=

Liver ——

Distended gall bladder
— —Stomach

Dilated common bile duct —S8 =~

. = —Pancreas
Carcinoma of pancreatic head —
obstructing lower end of common bile
duct and potentially obstructing the
duodenum, i.e. gastric outlet

(b) Endoscopic stent placement

Side-viewing flexible duodenoscope
placed opposite ampulla of Vater

Guide-wire passed via endoscope &
through biliary stricture —=—————

Stent tube pushed over guide-wire
through endoscope to lie across
stricture
(c) Triple bypass operation
L A
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2 iy, ;
[ 1 = 1 Gasltro-jejunostomy to bypass
duodenal obstruction
t 2 Cholecysto-jejunostomy to bypass
f obstructed common bile duct
. = 3 Jejuno-jejunostomy to divert food
2 away from biliary tract
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Fig. 17.4 Cholangiocarcinoma

Percutaneous transhepatic cholangiogram in a 66-year-old man with
painless progressive jaundice from an inoperable cholangiocarcinoma;
this X-ray shows a long stricture of the common bile duct CBD,
common hepatic duct CHD and left hepatic duct LHD. Some contrast
has flowed through into the duodenum. The cystic duct is obliterated,
preventing filling of the gall bladder. A percutaneous drainage tube T
has been inserted into the right hepatic duct system prior to an
attempt to place a stent across the stricture by the same route, Some
contrast has flowed through into the duodenum (D). Nowadays, most
stents are placed endoscopically (see Fig. 17.3)

Adenocarcinoma sometimes arises at the ampulla of
Vater, forming a polypoid lesion which projects into the
duodenum and obstructs biliary drainage causing jaundice.
These tumours are friable and tend to bleed insidiously,
giving a positive result on faecal occult blood testing. An
association with intestinal polyposis syndromes has been
described. Diagnosis is made at ERCP at which the
tumour is visible and accessible to biopsy. Very rarely,
adenocarcinoma arises in the duodenal mucosa and causes
obstructive jaundice if situated close to the ampulla.
Again, the lesion is readily diagnosed at ERCP.

MANAGEMENT OF EXTRAHEPATIC
CHOLANGIOCARCINOMA AND PERIAMPULLARY
CARCINOMA

Extrahepatic and periampullary cancers are often
amenable to curative resection by Whipple’s pancreatico-
duodenectomy. This extensive procedure involv